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isnpropanol Vapor Inhalation Oncogenicity Study in Fischer 344 Rats

SUMMARY

Pour groups of animals, each consisting of 75 Fischer 344 rats/sex, were exposed to
isopropancl vapor (CAS No. 67-63-0) at targei concentrations of 0 filtered air
conrtrol). 500, 2500, or 5000 ppm. Animals vere exposed for 6 hours/day, 5
consecutive days/week, for at least 104 weeka. Ten rats/sex/group were assigna2d to
an interim sacrifice group and were sacrificed during Week 73. Monitors for toxic
esfects includeé clinical cbservations, body and organ weights, ophthaimology
examinations, hematologic evaluations, urinalysis and urine cheaistry evaluations,
necropsy observations, and microscopic evaluations.

Mean /%t SD) iscoropanol analytical concentrations of 504 (i 14), 2509 (t 58), and
5037 (1 15) ppm were measured. The mortality rates for male rats {including those
sacriticed moribund but excluding interim nacrifice) from the 0, 500, 2500, and 5000
ppm groups were 82, 83, 91, and 1008, respectively. The last male rat from the 5000
ppm group died during Week 100. The corresponding values for female rats wire 54,
48, 55, and 598, respectively. The only difference (p < 0.01) in mear survival ime
was noted for the 5000 ppm group of male rats.

Clinical signs for some male and female rats were obse:rved dur.ng exposures to 500C
ppm and included hypoactivity, lack of a startle reflex, and narccsis. Hypoactivity
and lack of a startle reflex were also noted for some male and female rats during
axposure to 2500 ppm. Clinical signs noted during non=xposurs periods for mzle ratas
fres the 5700 pom group included emaciation, dehydration, and urine stains; clinical
signs observed during nonexposure periods for fexale rats included swollen
periccular tissue (5000 ppm group only) and urine stains (2500 and 5000 ppm groupe).
Decreascd body weight and/or body weight cain were noted for adle and fesmale rats
from the 500C ppm group at the end of the first aad second weeks of exposure.
Following this timepoint, increased body weight and body weight gain were noted.

For male rats from the 2500 and S000 ppm groups, increased body weight and body
weight gain were observed throughcut the duration of the study. For female rats,
concentration-related increases in body weight and body weight gain were observed
thruughout most of the study, although the increases observed for the 500 ppm group
weors slight and prebatly not hiclagicaily aignificant.

No exposure-reiated changes in hematologic parameters were observed for male or
fezale rats from any isopropanol exposure group at any time period. At Weeks 37 and
58, urinalysis and urine cheaistry for male and female rats from the 5000 pom group
revealed a decrease in oswmolality and an ‘ncrease in total protein (maies only) and
totol volume. Similarly, for male and female rats from the 5000 pp= group, a
decrease irn osmolality as well as increases in total protein, total gluccse (iexales
only!, and/cr total volume were noted at Week 74 and at Week 108 (only femal: rats
from the 5000 ppm group were surviving at this timepouint). Similar changyes were
observed for male rats from the 2500 ppm group at Week 74 and Week 104.

Absolute and/or relative (as a percentage of body and brain weight) liver and kidney
weight were increasad for male rats from the 5000 ppm group at the interim sacrifice
and for male rats from the 2500 ppm group at the termiral sacrifice. Relative liver
weight (as a percentage of brain weight) was also increased ior male rats £-Im the
2500 ppm group at the interim sacrifice. For female rats from the 5000 ypa jroup at
Week 109, an increase in absolute and relative (as a percentage of bedy and brain
weight) liver and kidney weight was noted. Other organ weight changes includled a
concentration~-related increase in testes waight (absolute and relative as a
percentage of body and brain weight) observed for male rats at the interim sacsifice
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timepoint. An incrazase in absolute and relative (as a percentage of body and brain
weight) lunt weight was aoted for female rats from the 5000 ppm group at Study Week
73, but not at Study Wweek 109.

At the iaterim sacrifice (Week 3), the only gross lesion noted was an exposure-
related increasc in granular kiduneys for male rats from the 2500 and 5000 ppm
groups. At the torminal sacrifice at tleek 105, an increase in granular kidneys was
obsarved again for male rats from the 2500 ppm group. For male rats which died or
were sacrificed due to worbidity, an increased incidence of thickened stowmachs,
granular kidneys, and color change >f the kidney was noted at necropsy for animals
from the 2500 ard 5000 ppa groups. KO exposure-rclated gross lesions were observed
for female rats from any of the isopropanol exposure groups at the interim or the
teruiaal sacri<ice. For femsle rats which died or were sacrificed due to morbidity,
an increased incidence of %nickened stomachs for animals from the 5000 ppm group and
granular kidners wes noted for animals from the 2500 and 5000 ppm gxoups.

Nicruscopic evaluation revealed that the kidney was a target for nonneoplastic
etffects in rats exposed repeatedly to isopropancl vapor. Increased frequencies of a
number of wuicroscopic lesious were observed in the kidneys of sale rats from the
2500 and 5000 ppe groups which died or were sacrificed moribund during the study and
included mineralization, tuvbular dilation, glomerulosclerosis, interstitial
nephritis, interstitial f£ibrosis, hydronephrosis, and transitional cell hyperplasia.
In addition, an increase in the severity of many of these lesions was observed for
male *nd fcmale rats from the 2500 and 5000 ppm groups. An increased severity of
glomerulusclerosis was cbcezved for female rats from the 5000 ppm group at the
terminal sacrifice (Week 109). An ircrease in the frequency of mineralization in a
numher of organs was also noted for male and female rats from the 250v a2nd 5000 ppm
groups: this lesion was believed to be secondary to the renal lesioas. Increased
frequencies f other lesions which were believed to be a result of the renal lesions
or increzsed goft tissue minerzlization included cellular hyperplasia of the
parathyroid glands (females only), myocardial degeneration/fibrosis, glandular
ectasia witiuin the gastric mucosa (females only), and fibrous osteodystrophy in male
and female rate from the 5000 ppm group which died or were sacrificed due to

morbidity.

\

Otlier nonneoplastic lesions which were observed with increased frequencies for male
rata from the 5640 pom aroun which died or were sacrificed due to morbidity included
basophilic cell foci within the liver, splenic hemosiderosis, rhinitis and squamous
metaplasia ¢f the respiratery epithelium within the nasal cavity, and iridocyclitis.
Other nonneoplastic lesions observsd with increased frequencies for female rats from
the 5000 ppm group which di=d or were sa=rificed due to morbidity included atrial
th-ombosis, splenic hemosidercsis, oculzr eratitis, rhinitis, dacryosolenitis
(inflammation of the unasolacrimsl du~t), and squamous metaplasia of the respiratory
epithelium within the nasal ~avity.

The only neoplastic iesion observed during the study was interstitial cell adenomas
of the testis. An increased fregiency of testicular seminiferous tubuie atrophy and
intccstitial cell adenomas of the testis was otserved for male rats from the 5000
rom arcup at the interim sacrifice. A concentration-related increase in
interstitial cell adenomas of the testis was also noted for male rats which were
found dead or sacrificed woribund during the study. For male rats found dead or
sg~rificed oribund, the frequencies of interstitial cell adenomas of the testis
were 57.7, 72.3, 84.7, and 93.8% for the 0, 500, 2500, and 5000 ppm groups,
res;ecti-sly. The freqguencies of ihis lesion for ail male rats examined were 64.9,
77.3, 3%.7, and 94.7% for the 0, 500, 2500, and Su0C ppm groups, respectively. A
dccrease in pituitary adenomas and granular lysphocyte leukemia was observed for
male racs frow the 5000 ppm group which died or were sacrificed due to morbidity:
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however, this was believed to be a result of their early mortality. There were no
increased frequencies of neoplastic lesions for female rats. However, an exposure-
related decrease in the frequency of large granular lymphocyte leukemia was observed
for isorropanol expoued female rats.

The main cause of death for male rats from the 5000 ppe 3roup was chronic renal
disease and was also considered to account for much of the mortality observed for
the 2500 ppm group. The main cause of death for the male control rats was large
granular lymphocyte leukemia. For female rats from the S000 ppm group which died or
were sacrificed due to morbidity, the main cause of death was chronic renal disease.
The main cause of death for the female control rats was large granular lymphocyte

leukenia.

In conclusion, exposure of rats to isopropanol vapor for 24 months produced clinical
signs of toxicity (hypoactivity, lack of a startle reflex, or narcosis) during the
exposurcs at 2500 and 5000 ppm as well as increases in body weight and body weight
gain. Urine chemistry changes indicative of kidney damage were noted for male rats
from the 2500 and 5000 ppm groups and female rats from the 5000 ppm group. A number
of nonneoplastic lesions were observed, with the most significant lesions being
obsarved in the xidney. The only neoplastic lesion observed for male rats was an
incrasse in interstitial cell adenomas of the testis which was considered to
represent marked hyperplasia and was not believed to represent autonomous growth.

In addition, the increased incidences of testicular tumors in the isopropanol groups
appear to be reflective of the lower incidence in the control group. No increased
frequencies of neoplastic lesions were noted for female rats from any isopropanol
exposure group. Thus, the no-observed-effect level (NOEL) for toxic effects was 500
ppm for both male and female rats. The NOEL for oncogenicity effects for both male
and female rats was determined to be greater than 5000 ppm.
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OBJECTIVE

The ok jective of this study was to obtain chronic inhalation toxicity data in order
to assess the potential of isopropanol to produce nonneoplastic and neoplastic
lesions in rats.

BACKGROUND INFORMATION

Two previous inhalation studies were conducted with isoproparol in F-344 rats at
Bushy Run Research Center. In the 9-day inhalation study (BRRC Report 53~-514),
animals were exposed to isopropanol at target concentrations of 0 (control), 1003,
5000, 10,000, and 15,000 ppm for 6 hours/day, for 9 days over an ll-day period.
Mear: isopropanol analytical concentraiions of 995. 5070, 9826, and 14,357 ppm were
mecasured. All rats from the 15,000 ppm group died following the first exposure.
Mortality for the 10,000 ppm group was 0 and 40% for male and female rats,
respectively. No mortality occurred in the 1000 or 5000 ppm groups. Clinical signs
observed during exposures at 10,000 ppm and the 1 exposure at 15,000 ppm included
hypoactivity followed by narcosis. Clinical signs of prostration, narcosis, ocular
irritation, and slow respiration were observed in rats from the 10,000 and 15,000
ppm groups following exposure. Othei clinical signs noted during nonexposure
periods for animals from the 10,000 ppm group were paresis, ataxia, emaciation,
dehydration, and urogenital wetness. The narcosis and prostration observed
following exposures at 10,000 ppm during the first week were absent by the second
week of exposures. Differences from control animals observed in the functional
observational battery included pilo=rec \ and mild to severe gait abnormality
(duck-walk) for males in the 10,000 p wup, a mild duck-walk for the I surviving
females in the 10,200 ppm group, and a . _.centration-related increase in body
temparature for males and females in the 1000, 5000, and 10,000 ppm groupe.
Surviving animals in the 10,000 ppm group had body weight losses at most timepoints
during both wesks of the study. Decreases in body we.ght or body weight gain noted
i; the 500 ppm group during the first week of the study were not present during the
second week of the study. Increases in body weight gain were noted in males from
the 1000 ppm group. Food and water consumption changes corresponded to the changes
in body weight or body weight gain. There were no gross lesions observed to be
exposure related in animals surviving until the end of the¢ study. Concentration~
related increases in liver weight were cbserved for both male and female rats.

Males in the 5000 pp= group also showed an increage in kidney and lung weights
(absolute and/or relative). Histologic examination of the kidneys and livers
revealed hyaline droplet formation in the kidneys and cytoplasmic vacuolization in

the livers of male rats.

In the subchronic inhalation stuédy (BRRC Report 53-589), P-244 rats were exposed to
isopropanol at target concentrations of 0 (control), 100, 500, 1500, or 5000 ppm for
6 hours/day. 5 days/week, for at least 13 weeke. Mean isopropanol analytical
concentrations of 100, 506, 1508, and 5008 rpm were measured. No exposure-related
mortalities occurred during the study. Clinical signs observed in some of the rats
during expcsures au 1500 and 5000 ppm included ataxia, narcosis, lack of a startle
reflex (5000 ppm group only)., and hypoactivity. The clinical signs noted during
exposures were either seldom cbserved or completely absent following exposures.
Clinical signs that were observed following exposures in the 5000 ppm group included
swollen periocular tissue {femaies only), perinasal encrustation (males only),
ataxia (1 male}, and paresis (1 female). Perinasal encrustation (males only) was
also observed in animals in the 500 and 1500 ppm groups. Neurobehavioral
evaluations indicated no changes in the functional observational battery. Increased
motor activity for females in the 5000 ppa group was noted at Weeks 9 and 13.
Decreases in absolute body weight and body weight gain were observed in animals from
the 5000 ppm group at the end of the first veek of exposure. Absolute body weight
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and body weight gain were also sligiitly decreascd in the 1500 ppm group of females.
“he decreases in body weight and body weight gain observed during the first week of
exposure were, however, transient. Increased body weight and/or body weight gain
were observed in males and females from the 1500 and 5000 pp: groups during the
remaining weeks of the study. Increases in food and water consumption generally
corresponded to changes in body weight and body weight gain. At Study Week 6,
decrease:s in total erythrocytes, hemoglobin, hematocrit, and platelet counts were
observed in both sexes from the 5000 ppm group. In addition, increases in mean
corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH) were observed in
sales from the 5000 ppm group. Increased MCV and/or MCH were also noted in both
sexes from the 5000 ppm group at Study Week 14. These changes indicated that a
slight anemia was present at Study Week 6 but not Study Week 14. Platelet counts
were increased for the males in the 1500 and 5000 ppm groups at Study Week 14.
There wcre no exposure-related changes in serum chemistry parameters for males or
females. The only organ weight effect noted was an increased relative liver weight
in both seres from the 5000 ppa group. Eistologic examination revealed hyaline
édroplets within the kidneys of all males including controls. However, the size and
frequency of the hyaline droplets were increased for the exposure groups, albeit not
in a concentration-related manner. Neuropathologic examination revealed no
exposure-reiated lesions in the central or peripheral nervous system of exposed
-ats.

TARGET CTSTRRT A" N I5UBCTICK

Ea:qét {wprone ol L . v oooaons of 0 qecnirod, 500, 500 or 5000 ppm were

selected by the Spoawor bused = the results from the previuvus inhalation studies
conducted in P-344 cat-.

NATERIALS AND METHODS

This study was conducted in accordance with the New and Revised Health Zffects Test
Guidelines, Toxic Substances Control Act (TSCA), 40 CFR Part 798.3300, and the
Isopropanol Pinal Test Rule, Section 4 of the Toxic Substances Control Act (TSCA),
40 CFR Part 795 and 799. The protocol and any protocol amendments (SRRC Project No.
90-81-59004) detailing the design and conduct of this study are included in
Appendix 12. Protocol deviations are included in Appendix 12.

Test Substance

Twenty-three 55-gallon drums of isopropanol were received from Union Carbide
Corporation (UCC; Texas City, TX). The drums of test ~ubstance were shipped to
Nitro, WV, where they were stored. Drums were then shipped periodically (typically
2 at a time) to BRRC as the test substance was needed. The assigned BRRC Sample
Numbers and the dates that the drums were received at BRRC are presented in Appendix
1. The drume were stored at BRRC in an ocutdoor chemical storage area. When needed,
a S5-gallcn drum of isopropanol was moved to and stored in Room 112. Samples of the
test substance were then dispensed into fireprocof containers or a glass bottle and
stored in Room 139. The test substance was a colorless liquid with a characteristic
odor. Compositional analyses were performed before, during, and after the study by
the GLP Analytical 8kill Center at the UCC South Charleston, WV, Technical Center
and the report is included as Attachment 2 to Appendix 1. A 2-year stability study
was also conducted on isopropancl by the GLP Analytical Skill Center at the UCC
South Charleston, WV, Technical Center and the report is included as Attachment 1 of
Appendix 1 of this report. The purity of the test substance was determined to be
99.9%; the test substance remained stable during the ‘xposure regimen. The method
of synthesis of the test substance was documented by the Spomsor. Pertinent
chemical anc physical properties of isopropanol zre included in Appendix 1.
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Animals &«nd BusbanAry

"hrev-sund~ed and fifty-two male and 354 female Fischer 344 rats arrived on January
28, 1991, Zrom Harlan Sprague Dawley Inc. (Indianapolis, IN). They were designated
by the supplier to be approximately 28-30 days o0ld (the birth dates were recorded as
Decewber 31, 1990 to January 2, 1991). The females weze nulliparous and
nonpregnant.

A:imals were housed in Room 166 from arrival until termination of the study except
d:ring exposures. Within 2 days of receipt, the animals were examianed by a clinical
veterinarian, and representative animals were subjected to a pretest health scieen
including full necropsy, histclogic examination of selected tissues, including
respirator” tract, serum viral antibody analyses performed at Charles River
Labcratories (Wilmington, MA), ad examinations for fecal parasites. Based on the
results of these dxta, the clinical veterinariaa indicated that these amimals were
in cood health and suitabie fo:r use.

All animals were assigned unique numbcrs and identified by cage tags. Animals
considered available for the study were also identified by a tail tettooing
procedure.

The animals were “oused 2/cage for approximately 15 days in stainless steel, wire
mesh cages (15 x 22 x 18 cm). The purpose of housing animals in pairs was to help
acclimate the animals to their new surroundings. DACB® (Deotized Animal Cage Board:;
Shepherd Speclalty fapers, Inc.) was placed under 2uch ccge and changec at least 5
times each week. Cages were changed &nd sanitized at leas¢ once every 2 weeks. The
racks were rctated once every 2 weeks in order to better ensure equivalent
envirormenial conditions for all animals. Cages were rotated once every 4 weeks
accordinyg to a predetermined schedule. An automatic timer was set to provide
fluorescent lighting for a 12-hour photoperiod (approximately 0500 to 1700 hours for
the light phase). Temperature and relative humidity were recorded in the animal
housing room (Cole-Parmer Ivgrothermograph® Seven-Day Continucus Recorder, Model

No. 8368-00, Cole-Parmer Instrument Co., Chicago, IV.). Temperature was routinely
maintained 2t £4-79°F; relative hunidity was routinely maintained at 40--70%. Any
excepticn to these specified ranges were noted in the raw data.

Tap water (Mnnicipal Authority of Westmoreland County, Greensburg, PA) was avajilable
ad libitum except during exposures and was delivored by an automatic watering system
with demand control valves mounted on each rack. Wataer analyses were provided by
the supplier, Salliburton NUS Environrental Laboratories, Materials Engineering &
Testing Company, and Lancaster Laboratories, Inc. at reqgular intervals. EPA
standards for maximum levels of contaminants were not exceeded. Pelleted, certified
ACI'AY® FROLAB® Animal Diet Rat 3009 (Agway Inc.) was available ad libitum except
during exposures. Analyses for chemical composition and possible contaminants of
each f{eed iot were performed by Agway Inc., and the results were includeé ir the raw
data. The maximum la2vels ¢f knowvn contaminants in the feed were beiow standards
which could interfere with the rtudy results.

Animal Acclimation

The acclimation period was approximately 3 weeks. During this period, the animals
were weighed at least 3 times at scheduled intervais. Detailed clinical
obscrvations were conducted in conjunction with body weight measurements. Cage-side
animal okservations and mortaliiy checks were conducted once daily (morning). The
aniwals were examined just prior to the end of the acclikation period by a clinical
vetarinarian. Animals considered unacceptable for the estudy, based cn the clinical
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viygnu, + . ' weighi, or bedy weight ge’'n, were rejecter . ‘Yhe fate of rcjecic !
rvimele -4 Che r-azons for rejection ere - ro uruates in the raw data.

Exydy Or. ~=izuatior

rilewing  he second prstest body .saight, t.2 animals were aesicaed tn 21 uxposuze
FYCUPS anc & contral guidup u.ing i stratifiied randowization procadure »s 2d on body
veighi, 4 the tlae € group asa gnment. ouly animals with bod; "veight within % 26 -
ot the pup:lation mesn for 24ach sex wrre ircluded. The body .ei7ht range on the day
of *irst v-posure %as 121.0 to 1: .7 1 £o. &oles ana 93.5 to 124.3 ¢ for females.

Sne follow’ ~3 tzble summirizes - o sanizevion of Lhe stady
Core Inte. im Sre-ifice Targe! _oncentrationr
Jroup® Grv.up? Ly Pm)
— ‘ﬂ -
Control 6S 190 0
Low 65 10 500
Intermediate 65 1¢ 2500
Bigh 65 10 5000

3Number of animals/sex

The exposuces began on February 18, 199: (&“udy T~y 1). Anlimals were cxposed sur 6
hours/day for 5 consecutive davs/week for at lear' 104 weeks. Arimais were nut
exposed during designated BRRC holidays. * e 6-lour exposuce psriod wsz defin £ ae
the time when the generatica syctem vas t.ined cr &nd su:seguently turied ofF.  AllL
control animals were exposed to €iltered .ir onl: uminy the game expoeure re: wen.
Ten animals/sex/group assigned to the iuterim sr:rificc ¢roup were w2c iri;-a o
July 7, 1992 (males), or July 8, 1992 (females! after at least 72 weeks of
exposure. The final sacrifice dates were Februsry 16, 1993 (malen. Stucy Wee' 105},
and March 15-17, 1993 (females, Study Week 169).

Aduinistration of Test Substance

Inhalation Chamber Description and Opeiation

The inhalation chambers (Wahmann Kanufacturing Comgany. Timonlum, MD; uscl fcr - is
study were located in Room 139. The chambers, constructed frca s:ainle:s stesl wita
glass windows for animal observation, were rectangular (207 x 28 x %i3 ca) ir ghaps.
The volume of each chamber was approximately 4320 liters, and the airfiow w«a. -et ax
approximately 1000 l/min (14 air changes/hr) for approximately the first worit of
the study. The chamber airflow rate was lowered to 900 1/min (12.5 air chang /P,
for all of the chambers (including the control chamber) during the secord mcnih of
the study in an effort to keep chamber temperature vithin the range ot 22 . 4°Z. A
Dwyer Magnehelic® pressure gauge (Dwyer Instruments, Inc., Nichigan Ci.y. IK; was
used to monitor chamber airflow. The theoretically-derived time (t ,) required for
the chambers to reach 99% of the target concentration was calculated to be 29- 22
uin.

vapor Generation

Liquid isopropanol was metered from a container by a piston pump (&~3 M1 ova; wiv
a 3/8" piston for the 500 ppm exposure chamber, G~20 FMI pump *ith a 3/8" pls'~1 .
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the 2500 ppm exposure chamber, ard a G-50 FMI pump with a 3/8° piscon for the 5000
ppm exposure chamber; Fluid Metering, Inc., Oyster Bay, NY) into a heated glass
evaporator similar in design to tha: described by Snellings ard Dodd (1990). Two or
3 evaporators were connected together in series in order to generate the 2500 and
S00G ppm target concentrations in an effort to increase the surface area for
evaporation of the test substance and reduce the amount of heat needed to produce
the vapor. In addition, to further increase the evaporative surface area, marktles
wer> added ro one of the heated glass evaporators used to generate the 5000 ppr
concentration. The temperature of the evaporators was maintained at the lowest
level sufficient to vaporize the test substance. Evaporator tempe:atures were
measured during preliminary level setiing and at approximately l-month intervals
during the study. Evaporator temperatures were determined without the test
substarce using a thermocouple attached to a digital recorder (Type K thermocouple
with a Model 400A Doric Trendicator; Doric Scientific Division, San Diego, CA).
Durirg the study, the temperature probe was always positioned on the glass
evarorator at the first spiral from the top. The oxygen content of the exposure
chambers was. :1so measured during preliminary level setting and 4 times during the
study using =n MSA® Oxygen Indicator Model 245R (Mine Safety Appliance Company,
Pittsburgh, PA). A TSI Aerodynamic Particle Sizer (TSI Incorporated, St. Paul, MN)
wae used tu check for the possibility of an aerosol in the 0 ppm 2nd 5000 ppm
chambers during preliminary level seotting and 5 times during the study.

Chamber Atmosphere Measurements

Sack exposure chamber atmosphere was analyzed for isopropanol approximately twice
each hour during each 6-hour exposure period by flame ionization gas chromatography.
The nsaina® concentration was calculated by dividing the total amcunt of isopropanol
delivered to the chambers by the total airflow rate.

The distribution of isopropanol vapor within each of the 3 exposure chambers was
exanined. Each chamber was tested once prior to the initiation of the study and
once durinc the sixth, twelfth, eighteenth, and twenty-fourth months of the exposure
regimei:. A description and the results of the chamber distributions are included in

Appendix 1.

Chazber temperature and relative humidity were recorded using a Fisherbrand® dial-
type thermometer (Fisher Scientific, Pittsburgh, PA) and au Airguide humidity
irdicator (Ai-guide Instrument Co., Chicago, IL). Temperature and relative humidity
measureaents were recorded approximately 2 times/hour during each 6-hour exposure.

Jbservations and Measuremente

In-life Evaluations

All animals were individually observed for eigns of toxic effects except during the
exposures. During the exposures, observations were recorded cn a g.oup basis.

These observations noted during exposures are hand recorded and located with the raw
data. Preceding and follcwing each exposure, observations were recorded for animals
exhibiting overt clinical signs. On ncnexposure days, the animals wera obse:rved
twice a day for overt clinical signs and mortality. At the time of body welght
coliection, detailed observations were performed on zll animals, These examinations
included, but were not necessarily limited to, an external physical examination,
gentle palpation of internal organs, and an assessment for abnormal behavior or
clinical signs.
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Individual body weights were measured weekly for the first 1: weeks and every other
week thereafter. On the weeks that body weights were not measured.: detailed
' observations were performed.

Prior to the first exposure, the eyes of all rats were examined by & Veterinary
Ophthalmologist usirg indirect ophthalmoscopy and slit lamp biomicroscopy following
dilation of eyes with MYDRIACYL® 18 Ophthalmic Solution. During Study Week 71, 89,
104 (males), and 107 (femalies), the eyes of all rats were again examined by a
Veterinary Ophthalmologist using the same methodology. Details of the ophthalmology
examination procedures are included in Appendix 4.

Clinical pathology Bvaluations

Blood smears were obtained for all surviving core animals at approximately 13 months
(Study Week 58 for males and Study Week 59 for females), 19 months (Study ¥Week 82
for males and Study Week 83 for femal2s), and 25 months (Study Week 105 for meles
and Study Week 109 for females). Differeatial leukocyte counts were evaluated for
all surviving core animals from the control and high concentration groups at these
timepoints. Hematology measurements were also wade for all surviving core rats at
the terminal sacrifice. Blood vas obtained using a retroorbital bleeding procedure.
Prior to the bleeding procedure, the animals were slightly anesthetized with
methoxyflurane. Animals were not fasted prior to the bleeding procedures.

The following were measured or calculated:

Eematology

hematocrit total leukocyte count
hemoglobin differential leukocyte count
erythrocyte count platelet count
mean corpuscular volume (MCV)
mean corpuscular hemoglobin (MCH)
mean corxpuscular hamoglobin

concentration (NCHC)

Samnlas for nrinalysis and urine chemistry were collected from 10 animals/sex/grcup
at Study Week 57. Animals were given access to food and water during these
collection periods. The following were measured:

protein

glucose

renal epithelial cells
volume

Samples were &l80 collected from another group of 10 animals/sex/group at Study Week
58 for osmolality determinations. Animals at this timepoint were given access to
food but not water during the collection period.

Samples were also collected at Study Weeks 74 (males and females), 104 (males), and
108 (females). Animals were given access to food and water during these ccllection
periods. The folloving parameters were neasured:

protein
glucose
volume
osmolality
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Details of the clinical pathology procedurcs are ircluded in Appendix 3.

Anatomic Pathology Evaluations

At sacrifice, nonfasted animals were anesthetized by methoxyflurane and killed by
severing the brzchial vessels to permit exsanguination. On the day of sacrifice,
body weight was obtained to allow expression of relative organ weights. A complete

recropsy was performed on all animals.

The liver, kidneys, brain, heart, ‘ungs,

testes (male), and spleen were weighed for all sacrificed azimals. ™he following
tissues were —~ollected and retained in 10% neutra: buffered formalin:

gross lesions

brain
cerebral cortex
cerebeilar cortex
xedulla/pons

pituitary

thyroid/parathyroid

thymic region
rachea

lungs

heart

salivary gland

liver (3 lobes)

spleen

kidneys

adrenals

pancreas

testes
epididymis
prostate
seminal vesicles
ovaries
uterus
corpus and cervix
vagina
mamma.y glard (females)
skin
esophagus
stomach
duodenum
jejunum
ileum
cecum
colon

Tails were saved for jidentificaticn purposes.

rectum
urinary biadder
lvaph nodes
mesenteric
submandibular
sciatic nerve
spinal cord
sternum (including marrow)
femur (including articular
surface)
thigh musculature
eyes
aorta
nasal cavity (4 sections?
pharyax
larynx

Microscopi : examinations were performed on the tissues listed above for all animals
from the control and higk concentration grovps (interim and ccre grnups). The
kidneys and tissues with gross lesions were examined from all animals in the low and

interzediate concentration groups.

Lesions were graded, when possible, into 5

cateanriea (minimal., mild., moderate, marked and severe). Causes cof death were
assicgned, whenever possible, to the rats in the control and high concentration

groups.

{This could not be done for the rats in the low and intermediate

concentration groups, because only a limited tissue sample was examined

microscopically for these animals.)

If the cause of death could not be determined

from the microscopic examination, it was recorded as "undetermined.” For most of
the rate, only one ceause of desth was assigned.
two debilitsting processes were pregent concurrently, neither one of which was
considered to have Leen of sufficient severity to singularly produce death, both
processes vere recorded as the cause of death.
evaluztion were missing upon aicroscopic examination, a recut or esmination of the
residual wet tissues was usually performed, except 1 some cases in which the
tissues were markedly nutolyzed or when, for a variety of reasons, recovery of the

missing tissue was considered unlikely.

For a small number of rats in which

when tissues specified for

Recuts were not performed for missing

parathyroid glands unless these glands were groenly lesionad.

De.ails of the anatomic pathol2gy procedures are included in Appendix 2. Also
included in Appendix 2 are the reports of two independent consulting pathologists

whc were requested to submit their viewpnints about the biclogic significance of one
of the microscopic findings observed in this study. These reports are included as

Attachment 1 of Appendix 2.
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Data Analyses

The dats for gquantitative, continuous variables were intercompared for the 3
expneure groups and the control group by use of Levene's test for equality of
variances, analysis of variance (ANOVA), and t-tests. The t-tests were used when
the F value from the NOVA was significant. When Levene's test indicated similar
variaiices, and the ANOVA was significant, a pooled t-test was used for pairwise
cosparisons. When Levene's test indicated heterogeneous variances, all groups were
compared by an ANOVA for unequal variances followed, when necessary, by a separate
variance t-test for pairwvise comparisons.

Nonparametric data were statistically evaluaied using the Kruskal-wallis test
followed by the Mann-Whitney U-test. Mortality data were analyzed by life-table
analysis. Incidence and mean time to first palpable mass were analyzed by life-
table analyses. Incidence data were compared using Fisher's 2xact Test. For all
statistical tests (except for the tumor analyees), the probability value of < 0.05
(two-tailed) was used as the critical lev:l of significance. The probability value
of < 0.05 (one-tailed) was used as the critical level of significance for the tumor

analyses.

Various models of calculators, computers, and computer programs may have been used
to analyze data for this study. Since various models round or truncate numbers
differently, values in some tables may differ slightly from those in other tables or
from independently calculated data. The integrity of the study and interpretation
of the data were unaffected by these differences.

RETENTION OF RBCORDS

All raw data, documentation, the protocol and any amendments, specimens, and a copy
of the final report generated as a result of this study will be retained in the BRRC
Archives for at least 10 years. A reserve sample of test substance from each
container used during the study will also be stored in the BRRC Archives.

RESULTS AND DISCUSSION

All references of differences in group mean values in the following text refer to
comparisons of statistically significant differences between the exposure group and
the control group, unless otherwise noted. Repeated reference to the control group
and the statistical significance will not be made in order to simplify the text.

Chamber Atmosphere

vetailed rervults and discusa’~n of the chamber atmosphere measurements are included
in Appendix 1.

The target concentrations were 0 (control), 500, 2500, and 5000 ppm of isopropanol
vapor. Control unimals were exposed to filtered air only. The following table
preaents the mean analytical concentrations (i 8D), the mean nominal concentrations
(£ 8D), and the mean of the analytical-to-nominal concertration ratios. No daily
mean concentration of isopropanol vapor above the estimated minimum detection limit
was measuced in the control chamber.
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Target Analytical Rominal Analytical-to-
Concentration Concentration Concentration Nominal
(ppm) (ppm) (ppm) Concentration Ratio

504 £ 14 493 + 13.8
2509 & Su 2522 t S2.6
5037 & 115 5012 t 108.1

The means [+ 5D) of the daily mean chamber temperature values were 24.1 (% 1.13),
23.8 (t i.16), 24.3 (% 1.10), =znd* 23.9 (% 1.24) °C for the 0, 500, 2500, and S000
ppm exposure chambers, respectively. The means of the daily mean chamber relative
humidity values were 48.5 (% 3.24), 50.1 (% 3.14), 48.2 (%t 2.94), and 51.9 (t 2.8¢)
percent for the G. 500, 2503, and 5000 ppm exposure chumbers, respectively. The
heated evaporator temperatures ranged from 18-77°C; the large range in evaporator
temperatures was a result of the large range in exposure concentrations. Proper
vapor distribution within the exposure chambers was demonstrated repeatedly
throughout the study; coefficient of variation values of less than 3% were found for
each one of the chamber distribution evaluations. Plots of number and mass
concentration of particles indicated no differences between the 5000 ppm and 0 ppm
exposure atmospheres indicating that an aerosol of isopropanol was not present in
the 5000 ppm chamber. The oxygen content within the exposure chambers was 20.8%
throughout the study.

Clinical Observations, Mortality, and Palpable Masses

Sumsaries of mortality and palpable masses are pres-nted in Table 1. Svmmaries of
the clinical observations are presented in Tables 2 and 3. Individual animal
clinicsl observaticn data are included in Appendix 6. Individual animal fate data
are included in Appendix 5. Individual palpable mass data are included in

Appendix 7.

The mortality rates for maie rats (including *hose sacrificed moribund but exclucing
interim sacrifice) in the 0, 500, 2500, and 5000 ppm groups were 82, 83, 91, and
1008, respectively. The last male rat from the 5000 ppm group died during Week 100.
The corresponding values for fewale rats were 54, 48, 55, and 69%, respec:ively.

The only difference (p < 0.01) in mean survival time was noted for the 3000 ppm
group of male rats. No differences in mean survival time were noted for male rats
from the 500 or 2500 ppm groups or for any isopropanol exjosure group of female
rate.

Ciinical signs noted in some male and femaie rats during expcsures to 5000 pua
included hypoactivity, lack of a startle reflex, and narcosis. Hypoactivity and
lack cf a startle reflex were also noted for some male and female rats during
exposure to 2500 ppm. No clinical signs werz noted for male or female rats during
exposures to 500 ppm.

Clinical signs noted during nonexposure periods included emaciation and dehydration
for male rats from the S¢00 ppm group. These signs are helieved to be related to
the increased mortality observed for this grcup cof animals and the debilitated
condition of these animals prior to their death. 1In addition, there were slightly
greater numbers of rats from the 530’0 ppm group which were noted to have urine
stains (males 2nd females) and swollen periocular tissue (females Jnly). Urine
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stairs were also observed in more femaie rats of the 2500 ppa group as compared with
the control group. There were no clinical signs noiwd during nonexposure peciods
that were believed to be exposure reiated foxr male rats from the 2500 ppm group or
sale and female rats from the 500 ppm group. Increased fregquencies of other
clinical signs in isopropanol exposed rats were not believed to be related to
exposures due to the lack of a concentration-response relationship and the frequency
of the observed sign in control animals.

There were no exposure-related effects on the incidence of palpable masses for male
or female rats. A decrease in thka time to daveiopment of palpable masses was noted
for male rats from the 2500 ppm group; however, this was not believed to be exposure
related due to the small number of animals with masses, the lack of histopathologic
evidence of increased incidences of tumors which were palpable, and the lack of a
CO1 .antration-response relationship. There were no exposure-related effects on the
time “to development of palpable masses for female rats.

Body Weights

Summaries of absolute body weight and body weighi gain are presented in Tables 4 to
7. Graphs of body weight (grams) versus time (weeks) are presented in Figures 1
and 2. Individual animal body weight data are included in Appendix 8.

Lacreased body weight gain was observed for male rats from the 5000 ppm group at the
end of the first and second weeks of exposure. Followiag this timepoint, the body
weight of these rats increased, and, by the end of Week 6, increased body weight and
s0dy weight gain were noted. Increased body weight and body weight gain were also
observed for male rats from the 2500 ppm group. These increases were typically
observed throughout the remaiader of the study, although statistical significance
was rarely achieved following Week 72. At the end of Week 7% (at roughly the time
of the 16-month interim sacrifice), mean body weight was increased approximately 3
and 4% for male rats from the 2500 and 5000 ppm groups, respectively.

For female rata from the 5000 ppm group, decreased body weight and body weight gain
were noted at the end of the first and sscond weeks of exposure. Similar to the
®sle rats from the S7C0 ppm group, the body weight for female rats from the 5000 pom
group increased, and, by the end of Week 5, increased body weight and body weight
gain were noted. Prom this timepoint on, concentration-related increases in body
weight and body weight gain were typically observed for female rats; however, the
increases in body weight and body weight gain observed for the 500 ppm group were
slight, and statistical significance was rarely achieved for this group. At the end
of Week 72 (at roughly the time of the 16-month interim-sacrifice), mean body weight
was increased approximately 1, S, and 5% for female rats from the 500, 2500 and 5000
Pp® groups, respectively.

OphtLalmology Examinations

Individual animal ophthalmic observations are included in Appendix 11. Detailed
results and discussion of the ophthalmology examinations are included in Appendix 4.

No exposure-related ophthalmic lesions were noted for male or female rats prior to
“he study termination.

Clinical Pathology Evaluations

Summaries of the hematology measurements are presented in Tables 8 to 13. Summaries
of urinalysis measurements are presented in Tables 16 and 17. Summaries of urine
chemistry measurements are presented in Tables 14 and 15 and 18 to 21. Detailed
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results and discussion of the clinical pathology measurements are included in
Appendix 3. Individual clinical pathology data are included in Appendix 10.

No exposure-related changes in hematologic parameters were obgserved for male or
female rats from any of the isopropanol exposed groups examined at Weeks 58-59,
Weeks 82-83, or at the terminal sacrifice.

At Weeks 57 and/or 58, urinalysis and urire cheamistry revealed a decrease in
osmolality and an increase in total protein and total volume for male rats from the
S000 ppm group. Similarly, at Week 74, a decrease in osmolality as well as
increases in total protein and total volume were noted for male rats from the 5000
prm group. Similar changes were observed for male rats from the 2500 ppm group at
Week 74; however, none of the changes were statistically significant. At Week 104,
a de~rease in osmolality and increases in total protein and total volume were noted
again for male animals from the highest exposure group with surviving animals (2500
ppm group), although none of the changes was statistically significant.

For female rats from the 5000 ppm group, urinalvsis and urine chemistry at wWeek 57
and/or 58 rever‘ed a decrease in osmolality and an increase in total volume,
although statiscical significance was not achieved for the former parameter. At
Week 74. Jecreases in osmolality and increases in total protein and total vclume
wire noted for females from the 5000 ppm grcup. The total glucose (glucose x
volume) excreted in the urine was also increased for females from the 5000 ppm group
at Week 74. A decrease in osmolality as well as an increase in urine total volure
and ctotal giucose (glucose x volume) were noted again for female rats from the 5000

pom group at Week 108.

Organ Weights, Necropsy Observations, and Microscopic Diagnoses

Susmary results of organ weights, organ weights reiative to final body weight, and
organ weights relative to brain weight are presented in Tables 22 to 33. Summary
results of necropsy observations are vresented in fables 34 to 39. §&. mmary results
of wmicroscopic diagnoses are presented in Tables 40 to 53 (results of necplastic
microscopic diagnoses are presented in Tables 46 and 53). Detailed results and
discussion of the anatomic pathology results =re included in Appendix 2. Individual
anatomic pathoiogy data are included in Appendix 3.

Some statistically significant changes in absolute or relative organ weight were
belicved to be a resuit of a chanae in the final body weight and were not believed
to be exposure r=lated. Some other changes in organ weights were also not believed
to be exposure r:slatad du- to the lack of a concentration-response relationship.
Only the organ weighi chang2s that are considered tc be exposure reiated will be
discussed.

At the interim sacrifice, absolute and relative (as a percentage of body and brain
weight) liver ané kidney weights were increased for male rats from the 5000 ppm
group: however, statistical significance was not achieved for relative kidney weight
(as a perce:ntage of body weight). Relative liver weight (as a percentage of brain
weight) was alu. increased for male rats from the 2500 ppm group at the interim
sescrifice. <Concentration-related increases in absolute and relative testes weight
(as a percentage of body and krain weight) were also cbgserved for male rats at the
interim sa~rifice timepoint; however, statistical significance was not achieved for
the 500 ppwz group. The only orgen weight <hange nuted fo: female rats at Study Week
72 was an increase in absolute and relative (as a percentage of body and brain
weight) lung weight for animals from the 5000 ppm group, although statistical
significance was not achieved for relative lung weight as a percentage of body
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weight. There were no other changes in organ weights at Week 73 which were Leiieved
to be exposure related for mal: or female rats.

-At the terminal sacrifice, an increased relative liver weight (as a percentage of
body and brain weight) was noted for male rats from the highest surviving
concentration group (2500 ppm). Slight increases in absolute and relative kidney
weight (as a percentage of body and brain weight), although not statistically
significant, were also noted for male rats from the 2500 ppm group at Week 105. For
female rats at Week 109, an increase in absolute and relative liver weight (as a
percentage of body and brain weight) was noted for the 5000 ppm group. The only
other change in organ weight noted for female rats at Week 109 was an increased
absolute and relative (as a percentage of body and brain weight) kidney weight for
animals from the 5000 ppm group; however, statistical significance was not achieved
for relative kidney weight (as a percentage of body weight).

i* the interim sacrifice (Week 73), the only gross lesion noted was an exposure-
rola* :d increase in granular kidneys for sale rats from the 2500 and 5000 ppm
groups. At the terminal sacrifice at Week 105, an increase in granular kidneys was
observed again for male rats from the 2500 ppm group (there were no surviving male
rats from the 5000 ppm group at Week 105). Increased frequencies of gross lesions
noted for male rats vhich died or were sacrificed dve tc morbidity, included an
increased incidence of thickered stomachs, granular kidneys, and color change of the
kidney for animals from the 2500 and 5000 ppe groups.

N0 exposure-related gross lesions were observed for female rats from the 500, 2500
or 5900 ppm groups at the interim or the terminal sacrifice. PFor female rats which
died or were sacrificed due to morbidity, an increased incidence of thickene?
stomachs was noted for animals from the 5000 ppm group and granular kidneys vas
noted for animals from the 2500 and 5000 ppa groups.

Upon microscopic evaluation, male rats from the 5000 ppa group at the interim
sacrifice (Week 73) had an increased frequency of testicular seminiferous tubule
atrophy. The grades for some of the lesions associated with chronic renal disease
were increased (although frequencies were not increased) at the interim sacrifice
for male rats from the 2500 and 5000 ppm groups.

At Week 105, no exposure-reiated differences in frequencies of iwsions weie Sbseived
for male rats which were sacrificed. Increased frequencies of a number of
microscopic lesions were observed in the kidneys of male rats from the 2500 and 5000
pom groups which died or were sacrificed moribund during the study. These renal
lesions included mineralization, tubular dilation, glomerulosclerosis, interstitlsl
nephritis, interstitial fibrosis, hydronephrosis, and transitional cell hyperplasia.
In addition, an increase in the severity of these lesions was observed for male rats

from the 2500 and 5000 ppm groups.

An increase in the frequency of mineralization in a number of organs was noted for
male rats from the 2500 and 5000 ppm groups which were found dead or sacrificed
moribund; this lesion was believed to be secondary to the renal lesions. Increases
in the frequency of mineralization were noted in the heart (5000 ppm only), aorta,
vasculature (5000 ppm only), stomach, larynx (5000 ppm only), trachea (5000 ppm
only), lungs, kidney, cornea (5000 ppm only), and testes (5000 ppm only). Other
lesions which were noted in male rats from the 5000 ppm group which died or were
sacrificed due to morbidity and were believed to be a result of the renal lesions or
inereased soft tissue mineralization, included an increased frequency of myocardial
degeneration/fibrosis and fibrous osteodystrophy.
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Othe:r norneoplastic lesions which were observed with increased frequencies for male
rats from tae 5000 ppm group which died or were sacrificed due to worb!dity .included
basophilic cell foci within the liver, splenic hemosiderosig, rhinitis ind squavwous
metaplasia of the respiratorr spithelium within the nasal cavity, and iridocyclatic.

The only n:.>lastic lesion obrerved for male rats was a concentration-related
increase in interstitial cell adenczas of the testis. At the interim sacrifice, an
increase in testicular interstitial cell adenomas was obse: ed for male rats from
the S000 ppm group. Concentration-related increases in interstitial cell adenomas
of the testes were observed for male rats found dead or sacrificed moribund during
the study as well as for all animals on the study. For male rats found dead or
sacrificed moribund, the frequencies of interstitial cell adenomas of the testis
were $7.7, 72.2, 84.7, and 93.8% for .he 0, 500, 2500, and 5000 ppm groups.
respectively. The frequencies of this lesion for all male rats examincd were 64.9,
77.3, 86.7, and 94.7% for the 6, 500, 2500, and 5000 ppm groups., respectively. Both
of the independent consulting pathologists indicated that the frequency of
testicular interstitial cell tumcrs in the control group was unusually low, causing
the frequencies observed for the expcsed groups to appear to be significant. One of
the pathologists indicated that a possible mechanism for the increased development
of these tumors is a perturbation of hormonal levels, especially pituitary hormones
sucon as leutinizing hormone.

A decrease in pituitary adenomas and mononuclear leukemia was observed for male rats
f.om the 5000 ppm group which died or were sacrificed due to morbidity:; however,
this was believed to be a result of their early mortality.

mne mein cause of death for male rats from the 5000 ppm group was chronic renal
disease which was considered to account for much of the mortality observed for the
2500 ppm gzcuD. The main cause ~f death for the male ccautrol rats was large

granular lysghocyte leukemia.

No increased frequencies of nonneoplastic lesinons were observed for female rats at
the interim eacrifice at Week 73. In addition, at the terminal sacrifice at Week
109, there were no increased frequencies of nonneoplastic lesions for female rats,
although an increased severity of glomerulosclerosis was observed for female rats
from the S000 pom aroup. The severity of some of the key components for chronic
renal di.ease (e.g. tubular proteinosis, glomerulosclerosis, inte-stitial nephritis,
and interstitial fibrosis) were increased for all female rats on the study from the
2500 and 5909 ppa groups.

For femalc rats from the 5000 ppm group which died or were sacrificed due to
murbidity, increased frequencies of mineralization were evident in the heart, acrta,
vasculature, c:omach, larynx, trachea, lungs, and kidney. An associated (to the
minera’ization vithin the heart) increase in myocardial degeneration/fibrosis as
well as an increased frequency of glandular ectasia within the ga<tric mucosa was
also evident for f-male rats from the 5000 ppm group which died or were sacrificed
in moribund condition. Increased frequencies of mineralization were alsc observed
in the lungs ana kidneys of female rats from the 2500 ppm group which died or were
sacrificed due to morbidity. An increased incidence of fibrous osteodystrophy and
cellular hyperplasia of the parathyroid glands was also noted for female rats from
the 5000 ppm group which died or were sacrificed due to morbidity.

Other lesicns observed with increased incidences for female rate from the 5000 ppm
group which died or were sacrificed due to morbidity included atrial thrombosis,
splenic hewosiderosis, and ocuiar keratitis. In addition, inflammatory and
metaplastic changes within the nasal cavity such as rhinitig, dacryosolenitis
{inflammstioa of the nasolacrimal duct), and squamcus metaplasia of the respiratory
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epitheliun were noted for female rats from the 5000 ppm group which died or were
sacrificed due to morbidity.

There were no increased frequencies of neoplastic lesions for female rats. An
exposure-related decrease in the frequency of large granuiar lymphocyte leukemia was
observed, however, for isopropanol exposed female rats; this decreased frequency was
not a result of decreased survival since no differences in mean survival time were
observed between control and isopropanol exposed female rats.

The main cause of death was chronic renal disease for female rats irom the 5000 ppm
group which died or were sacrificed due to morbidity. The main cause of death for
the female control rats wvas large granular lymphocyte leukemia.

CONCLUSIONS

The potential for isopropanol vapor exposure to produce oncogenicity effects in rats
was investigated in this study. Other evaluations and me~surements (clinical
observations, body and organ weights, ophthalmic examinations, hematology.
urinalysis and urine chemistry, necropsy observations, and histopatholcgy) were also
performed during the 24-month study. The narcotic effects of isopropznol were noted
during exposures to 2500 and 5000 ppm and included signs of hypoactivity, lack of a
startle reflex, and narcosis (5060 ppa group only).

Increased body weight and/or body weight gain were observed for male rats from the
2500 and 5000 ppm exposure groups throughout most of the study duration. A
concentration-related increase in body weight and body weight gain was also observed
for femsie rats; however, the increase observed for the 500 ppm group was very
slight and may not be biologically significant. This increased body weight effect
has been noted in previously performed inhalation studies on isopropanol vapor (BRRC
Reports 53-514, 53-589, and 91N0132; Burleigh-Flayer et al., 1592; Burleigh-Flayer
et al., 1994).

Increased liver weight was noted for male rats from the 2500 and 5000 ppm groups at
the interim sacrifice and fcr male rats from the 2500 ppa group as well as for

femzle rats froa the 5000 ppm group at the end of 24 months. This finding has been
previously noted for mice exposed to similar exposure concentrations for 12 and 18
months (BRRC Report 91N0132). The increased liver weight was most likely a result

of micrnsomal enzvme induction. renrssenting a metahalic response of the liver to

iscpropanol.

Another organ weight effect noted in the study was an increase in lung weight for
female animals from the 5000 ppm group at the interim sacrifice. This increased
lung weight was not considered to be biologically significant due to the lack of any
exposure-related microscopic lesions in the lung and the lack of effect at the
terminal sacrifice.

The kidney appearazd to be a target for nonneoplastic effects in rats exposed
repeatedly to isopropanol vapor. An exacerbation of chronic renal disease wvat
observed in isopropanol exposed rats. Endpoints which characterize this disease
state and were observed for isopropanol exposed male rats from the 2500 and 5000 ppm
groups and female rats from the 5000 ppm group included changes in kidney weight, an
increased incidence of gross lesions in the kidney noted at necropsy, and increased
frequenciece of renal microscopic changes as well as urinalysis and urine chemistry
changes. Increases in kidney weight were noted for male rats from the 5000 ppm
group at the interim sacrifice and for male rats fria the 2500 ppm group and female
rats from the 5000 ppm group at the terminal sacrifice. 1In addition, changes in
urinalysis and urine chemistry indicative of renal damage and loss of concentrating
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ability of the kidney (e.g., decreases in osmolality as well as increases in total
protein, total volume, and total glucose) were observed for maie rats from the 2500
and 5000 ppm groups and female rats from the 5000 ppm group. An increased incidence
of granular kidneys was noted for male rats from the 2500 and 5000 ppm groups at
week 73, for male rats from the 2500 ppm group at Week 104, and for rats (male and
female) from the 2500 and 5000 ppm groups which were found dead or sacrificed
moribund during the study. Granular kidneys are the result of chronic renal

disease.

Por male rats from the 2500 and 5000 ppm groups which were found dead or sacrificed
due to morbidity during the study, increased frequencies of a number of kidney
lesions associated with chronic renal disease were observed aicroscopically and
inciuded mineralization, tubular dilation, glomerulosclerosie, interstitial
nephritis, interstitial fibrosis, hydronephrosis, and transitional ceil hyperplasia.
In addition, the severity of some of the lesions associated with chronic renal
disease was increased at the interim and terminal sacrifice timepoints for male rats
from the 2500 and 5000 ppm groups (as well as for all male rats on the study) and
for all female rats on the study from the 2500 and 5000 ppm groups. An increase in
the severity of glomerulosclerosis was also noted at the terminal sacrifice for
female rats from the 5000 ppm group. Increased frequencies of a number of other
lesions (e.g. mineralization, cellular hyperplasia of the parathyroid glands, and
fibrous osteodystrophy) believed to be secondary to the chronic renal disease ware
also observed for male and female rats from the 2500 and 5000 ppm groups which died
or were sacrificed in moribund condition. Associated with the increased soft tissue
mineralization were increases in myocardial degeneration/fibrosis and/or glandular
ectasia within the gastric mucosa for these rats from the 5000 ppm group. The main
cause of death and the resultant early mortality for male rats from the 5000 ppm
group as well as female rats from the 5000 ppm groups was determined to be chronic
renal disease. 1In addition, chronic renal disease was believed to account for much
of the mortality of male rais from the 2500 ppm group.

Other nonneoplastic lesions which were observed upon histopathologic evaluation with
increased frequencies for male rats from the 5000 ppm group which died or were
sacrificed due to morbidity .included bascphilic cell foci within the liver, splenic
hemosiderosis, rhinitis and sqiamcys metzr;lasia of the respiratory epithelium within
the nasal cavity, and itldocyxl.[.t_ Other lesions observed with increased
frequencies for female rat° £-om the 5000 ppm group which died or were sacrificed

2ol akmial . wmen
due 1o morbidity iacludsd atrial throcub gais, myocardial dageneration, eplenic

nemosiderosis, and ocular keratitis. In addition, inflammatory and metaplastic
changes within the nasal cavity such as rhinitis, dacryosolenitis (inflammation of
the nasolacrimai duct), and squamous metaplasia of the respiratory epithelium were
noted for female rats from the 5000 ppm group which died or were sacrificed due to
morbidity.

The only neoplastic lesion found to be increased in frequency in isopropanol exposed
animals was observed in the testis of male rats. A concentration-related increase
in testes weight was observed for male rats at the interim sacrifice timepoint.

Upon microscopic evaluation, an increased frequency of testicular seminiferous
tubule atrophy and interstitial cell adenomas was noted for male rats from the 5000
ppm group at this interim timepoint. The frequency of interstitial (Leydig) cell
tumors of the testis was also increased in a concentration-related fashion for all
male rats or the study. However, the interstitial cell tumor of the testis is
typically the most frequently observed spontaneous tumor in aged male Fischer 344
rats {Takaki et al., 1989; Baseman et al., 1990). Nearly all aale Fischer rats will
develop these p:oliterative tumors if they are allowed to complete their lifespan
{Bocorman et al., 1990). The frequencies of this tumor in male rats from the low
(77-3%), intermediate (86.7%), and high (94.7%) concentration groups in this study
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were similar to the mean iacidence of 88% ceported by Hazsoman et al. (1990) for
control male Fiacher 344 rats from numerous 2-year NTP carcinogenic studies.” In
addition, the incidences observed for the isopropanol erposure groups were simila.
to frequencies noted during previously conducted studies at BRRC for male control
Pischer 344 rats (86 and 918; BRRC Historical Control Data). Contrary to these
data, the incidence observed for the control group (64.9%) was well below these
values for control male Fischer 344 rats. Both of the independent consultant
pathologists who were reguested to express their opinions about the biological
significance of interstitial cell tumors of the testes in the Fischer 344 rat ncted
that the incidence of this tumor for the coatrol group in this study was unusually
low. Thus, the increased incidences of testicular tumors in the isopropanol
exposure groups may be spuriocus and reflective of the lower incidence in the control

If the increase in testicular interstitial cell tumors is not a result of the lower
incidence of this tumor in the control group, a possible mechanism aay be that these
tumors developed as a result of hormonal imbalances produced as a result of exposure
to isopropancl. Exposure to some drugs and chemicals has been shown to produce
testicular adencmas in the male rat through imbalances in circulating hormones such
a8 leutinizing hormone (Cook et al., 1992; Cook et al., 1993; Prentice et al. 1992).
Increased circulating levels of leutinizing hormone may occur as a result of
decreased testosterone synthesis or inhibition of the action of testosterone as a
gesult of exposure to these chemicals. This increased level of leutinizing hormone
zesults in the stimulation of the sensitive interstitial (Leydig) cell population in
the testes of rats which produces proliferative changes including hyperplasia and
adencmas {Chatani et al., 1990).

Interstitial cell adencmas of the testes are believed to represent severe
hyperplasia ratber than autonomous growth (Boorman et al., 1990). It is often
difficult to differentiate between foocal hyperplasia and adencmas in the testes of
Fischer 344 male rats because these interstitial adenomas originate as focal
hyperplasia and the transformation fros hyperplasia to adenoma represents a
oontinuous spectrum of morphologic change ococurring within the testes of these aged
male rats. Furthermore, there was no evidence from this study to indicate the
development of carcinomas of the testes in the male rat nor has isopropancl been
found to be genotoxic in a variety of assays (Kapp et al., 1993).

In conclusion, exposure of rats to isopropi.... vapor for 24 wmonths produced clinical
signs of toxicity (hypoactivity, lack of a startle reilex, or marcosis) during the
exposures at 2500 and 5000 ppm as well as increases in body weight and body weight
gain. TUrinalysis and urine chesistry changes indicative of kidney damage were noted
for male rats froa the 2500 and 5000 ppm groups and female rats from the 5000 ppa
group. A anumber of nonnecplastic lesions were cbeerved, with the most significant
lesions being observed in the kidney. The only neoplastic lesion observed for male
rats wvas an increase in interstitial oell adencmas of the testis which was
considered to represent marked hyperplasia and wvas not believed to represent
autonomous growth. 1In addition, the increased incidences of testicular tumors in
the isopropanol groups appear to be reflective of the lower incidence in the control
group. MO increased frequencies of meoplastic lesions were noted for female rats
from any isopropanol exposure group. Thus, the no-observed-effect level (WOEL) for
toxic effects was 3500 ppm for both male and female rats. The NORL for oncogenicity
effects for both male and female rats was determined to be greater than 5000 ppm.
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TABLE 1
ISOPROPANOL VAPOR IMMALATION OMCOGEWICITY STUDY IN FISCHER 344 RATS
SUMMARY OF MORTALITY

Total Number of Animals
Interim Sacrifice Group

Core Group
Number Sacrifi:ed
Number Yound Nead
Number Sacrificed Moribund
Mean Survival Time (Days)®
Mortallty Fate (\)h

Total Musber of Animals 75
Tateria Sacrifice Group 10
Core Group 1]
Number Sacrificed 29
Wusber Found Dead 24
Wumber Sacrificed Moribund 12
Mean Survival Time (Days)® 692
Mortuiity Rate (©)P s4 48 55 69

Sgtatistics were performed for mean survival time omly. A statistical difference of p<0.0l1 (%*)
was observed for the male 5000 ppm group. No other statistical difference was observed for
eithe. sex.

bﬂoxtallty rates include animals that were sacrificed moribund but not interim sacrifice animals.

INHALITABLES\TIPACIR
MAY 28, 1994

Page 28 of 1853




BRRC Report 91N0133

TABLE 1 (Comntinued)
ISOPROPANOL VAPOR INNMALA*TOM ONCOGEWICITY STUDY IN FISCHNER 344 RATS
SUMMARY OF PALPABLRE MASSES

590 ppe

Total Mumber of Animals 75
Total Mumber Animals

with Masses® 11
Total Wumber Animals with

Persistent Masses (at least

one persistent)
Total Musber Animals with

Multiple Persistent Nasses®
Nean Nusber Days to Pirst

Persistent Mass®

Total Wusber of Animals
Total Number Animals
with Nasses®
Total Wumber Animals with
Persistent Nasses (at least

one persistent)
Total Wumber Animals with

Multiple Persistent Masses®
MNean Mumber Days to Pirst
Persister NassP

8 Includes persistent masses (saises present at death or sacrifice) as well as sasses that
disappeared.

b statistical analysis was performed on the mean number of days to first persistent mass for all
groups combined, then individually. The 2500 ppa group of males was significantly different
from the control p<0.01.

€ Includes animals with two or more masses, one of vhich was persistent.
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TABIE 4
ISOPROPANOL VAPOR INHALATION OMCOGEWICITY STUDY IX FISCHER 344 RATS
SUMMARY OF BODY WEIGHT (GRAMS)
KALES
0 500 2500

(-4

141.4 142.2 141.0
9.10 7.78 8.91
75 75 7%

il
-

167.1 167.3 167.3
11.10 8.78 11.21
75 78 75

n
.

o

h

~

199.% 199.7 201.7
11.74 10.33 12.45
75 75 75

»
o

il
w

224.9 223.9 226.9
12.37 11.39 13.45
] 75 75

il
-

242.3 243.6 248.0**
12.92 11.9% 14.17
15 75 15

262.2 262.5 257.1%
12.69 12.17 14.79
75 -] 75 75

i
1

iis
L)

272.7 274.6 281.44* 202.1**
14.20 12.94 15.58 12.23
75 75 75 75

i =
~

285.5 287.5 294.4°¢ 296.4*"
15.66 14.11 16.06 12.62
75 75 75 75

®
h
[ -]
.

296.7 298.6 30S8.97* 309.0**
15.11 14.40 16.70 13.03
15 75 15 75

310.5 311.5 319.2%* 322.6°«
16.04 15.20 16.82 14.68
75 5 78 75

I
(-]

31e.2 319.2 327.80 331.2%*
15.96 15.21 17.74 15.31
75 73 75 75

[~ ]
.
o
.

i =
=
1

328.2 328.9 335.8% 319.9%*
15.81 16.22 17.60 16.17
7S 75 75 75

bl -
.°~

i =
[
~

328.6 329.¢ 340.4%* 344. .7
16.01 13.68 17.99 16.74
75 75 75 s

®»
lg,g

Fed
w

340.4 340.5 351.2%* 354.8%*
16.23 17.34 18.30 17.13
15 75 75 75

(2]
=®

o

M

"
-»

344.8 343.9 354.3** 358.4re
17.67 17.49 18.79 17.53
75 7% 75 75

[~}

| -]
Ug
.

* Significantly different from control group (r < .05)
«t gignificantiy different from control group (p < .901)
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