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ABSTRACT

‘The purposeofthisstudywas to assessthe effectofthetestmaterial, Perfluorooctane
Sulfonic Acid Potassium Salt [PFOS; T-6295 (hereafter referredtoasPFOS)] on critical
enzyme levels, hormones, and other selected biochemical parameters when administered
daily by oral capsule to cynomolgus monkeys for atleast 26 weeks. The treatment period
was followedbyan approximate 52-week recovery period.

Male and female cynomolgus monkeys were assigned to four groups (six animals/sex in
‘Groups 1, 3, and4; four animals/sex in Group 2). Each group received dose preparations
containing the vehicle, lactose, or 0.03, 0.15, or 0.75 mg of PFOS/kg of body weight/day
(mg/kg/day). Two animals/groupinGroups 1, 3, and 4 werein arecoveryperiodand
werenottreatedforat least 52weeksfollowing the26weektreatment period.

Food was provided ad libitum, except when animals were fasted. Water was provided
ad libitum. The animals were observed twice daily (a.m. and p.m.)for mortality and
moribundity. At least once daily, animals were examined for abnormalities and signs of
toxicity, and food consumption was assessed qualitatively. Ophthalmic examinations
‘were done before initiationof treatmentand during Wecks26and 52. Bodyweightdata
were recorded weekly before initiationof treatment, on Days -1 and 1, and weekly
thereafter. Blood and urine samples were collected for clinical hematology, clinical
chemistry, and urinalysis tests before initiationof treatment andatspecified intervals
duringtreatmentand recovery. Blood was also collected for blood hormone and PFOS
level determinations before, during, and after treatmentatspecified intervals. Feces and
liver samples were also collected at specified intervals. On Day 155 (Week 23),
‘one male given 0.75 mg/kg/day died, and on Day 179 (Week 26), one male given
0.75 mg/kg/day was sacrificed due to poor health. On Days184and 185 (Week 27),
four animals/sex/group (Groups 1 through 3) and four females and two males (Group 4)
were anesthetized, weighed, exsanguinated, and necropsied. At necropsy at the
scheduled and unscheduled sacrifices, serum sample was collected, macroscopic
observations were recorded, selected organs were weighed, and selected tissues were
collected and preserved. Microscopic examinations were done on tissues from each
animalinthe control and high-dose groups and selected tissuesfromanimalsinthe low-
‘and mid-dose groups. Tissues were also collected for palmitoyl CoAoxidase
determination, cell proliferation evaluation, PFOS determination, and electron
‘microscopy. Additionally, the bile was collected from the gallbladder, and the
gallbladder was preserved. At the recovery sacrifice on Day 549, the remaining Group 4

9
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animals were anesthetized, weighed, exsanguinated, and necropsied. Macroscopicobservations were recorded and specified issues and serum were collected. Remaininganimals in Groups 1 and 3 were donatedortransferred to a follow-up study,
Covance 6329-268.

At all ose levels, clinical observations, ophthalmic observations, and palmitoyl CoAoxidase determinations do notappearto be affected by treatmentwith PFOS.

‘Two males given 0.75 mg/kg/day died duringtreatment.These deaths were preceded bysome adverse clinical observations (constricted pupil, pale gums, abnormal feces,excessive salivation, labored respiration, dehydrated appearance, hypoactive, ataxic,recumbent, low food consumption) and appeared toberelated to the administration ofPFOS. When compared with animals given the control material, covariate adjusted meanbody weights (CAM)formales given 0.75 mg/kg/day were slightly lower beginning at‘Week 21, and for females given 0.75 mg/kg/day CAM body weights were, in general,significantly lower beginning at Week 11. Similardecreases were not seen intheothertreated groups; therefore, this finding is likely test material-related. Test material-relatedeffects on body weights were not apparent during recovery. Low food consumption wasnoted sporadically for animals in the groups given the control material and
0.03 mg/kg/day throughout treatment. The incidenceoflow food consumption wasgenerally higher in the groups given 0.15 or 0.75 mg/kg/dayascompared to animals
given the control material and appeared to be test material related. During recovery,effects on food consumption were reversed.

Estradiol values were generally lower on Days 62, 91, and 182 in males given
0.75 mg/kg/day, although because of the variation in thedata only the Day 182 value wassignificant. Estrone values were generallyhigherin all of the treated females on
Days 37, 62, and 91, although becauseofthe variationinthe data noneofthese valueswere significantly different, and this difference was not apparent on Day 182.
‘Triiodothyronine values were notably lower in both males and females given 0.15 and
0.75 mg/kg/day on Days 91 and 182. With the single exceptionofmales given
0.15 mg/kg/day on Day 91, all values were significantly lower. During recovery were
‘occasional instances in which the hormone values in treated groups differed slightly fromthose of controls, but those differences were not consistent over time or between sexes,were not clearly dose-related, and did not appear to be clearly related to the
administrationofthe test material. Apparent differences in the sexual maturity ofboth
malesand females used in this study complicates the interpretation ofthe hormone data.

10
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‘The only clinical pathology parameters considered related to the test material were lower
‘total cholesterol for animals given 0.75 mg/kg/day and lower high densitylipoproteincholesterol for animals given 0.15 or 0.75 mg/kg/day. These effectswerereversed withinthe first 5 and 9 weeksofrecovery, respectively.

Atthe terminal sacrifice, increased liver weights, macroscopic observationsofmottledliver, hepatocellular hypertrophy, and hepatocellular vacuolation in animals given0.75 mg/kg/day were considered related to PFOS treatment. However, the microscopic
examination liver biopsiestakenduring recovery did not indicateanytest material-relatedfindings and noneofthe macroscopic observations made attherecovery sacrifice were
considered test material-related. There were no ‘microscopic findings in the liver from theanimalsinthe high-dose recovery group. This indicates thatthe hepatic test
‘material-related effects were reversible.

‘Treatment with PFOS by oral capsule fora least 26 weeks s generally well-tolerated in‘male and female cynomolgus monkeys at doses up to 0.15 mg/kg/day. Clinical and
pathological findings considered to be associated with the treatment ofPFOS after at
least 26 weeksoftreatment were found to be reversible during a 52-week recovery
period. Based on the data presented in this report, the no-observable-effect level is
0.03 mg/kg/day.Doseanalyses (provided by the Sponsor) and electron microscopy
results (provided by PAI) are forthcoming.

: n
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PURPOSE

Thepurposeofthisstudywas toassessthe effectofthetestmaterialon critical enzymelevels, hormones, and other selected biochemical parameters when administered daily bycapsule to cynomolgus monkeysforat least 26 weeks. The treatment period wasfollowed by an approximate 52-week recovery period.

REGULATORY COMPLIANCE

All aspectsofthisstudy were doneinaccordancewiththe Environmental ProtectionAgency Good Laboratory Practice Standards, 40 CFR 792.

‘TEST MATERIAL, VEHICLE, AND SOLVENT

Test Material
‘The test material, Perfluorooctane Sulfonic Acid Potassium Salt (PFOS; T-6295), LotNo. 217, is a white to off-white powder. It was received at Covance on
September 4, 1997. The test material was stored at room temperature,

Information on synthesis methods, stability, purity, composition, or other characteristicsthat define thetestmaterial is on file with the Sponsor.

Vehicle
‘The vehicle was lactose (Spectrum, New Brunswick, New Jersey), Lot No. NN0192
(expiration date February 13, 1999). It was received at Covance on March 30, 1998.

‘The vehicle was stored at room temperature.

Information on synthesis methods, purity, stability, composition, or other characteristicsthat define the vehicle is on file with the manufacturer.

1” 002648
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Solvent
The solvent was acetone (Spectrum, Gardena, California), LotNo. L253, (expirationdate June 2000). It was received at Covanceon June 23, 1997. The solvent wasstoredatroom temperature.

Information on synthesis methods, composition,orother characteristics that define thesolvent is on file with the manufacturer.

Gelatin Capsules
Gelatin capsules, Size Nos. 2 (Lot No. 122932, expiration date June 12, 2003) and4 (LotNo. 544043, expiration date August 1, 2002) were manufactured by Torpac Inc.(Fairfield, New Jersey). Lot No. 122932 was received at Covance on June 12, 1998, andLot No. 544043 was received on September 1andNovember 11, 1998. The capsuleswere stored at room temperature. A copyofthe CertificateofAnalysis provided by the‘manufacturer is maintained in the data,

Reserve (Archive) Samples
Areserve sample (1 g)ofeach lotofthe test material, vehicle, and each test
material/lactose dilution was taken and stored at room temperature. These samples weretransferredto the Sponsor afier completionofthe treatment phase (see ProtocolDeviations).

Remaining test material will be retained at Covance for use in possible future studies.

‘TEST ANIMALS AND HUSBANDRY

Animals
Young adult to adult cynomolgus monkeys were obtained from Covance Research
Products Inc. (Denver, Pennsylvania) on June 30, 1998. The animals weighed2.410 4.4 kg at initiationoftreatment.

13 002649
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Identification
Each animal was assigned a permanent number upon arrival and identified with a collar
tag before initiationoftreatment. All dataforan animal are recordedunder this number.

Justification
PFOSis a known hepatic peroxisomeproliferator(PP) intherat. When exposedto a PP,
nonhuman primates (such as the cynomolgus monkey) respond similarly to humans.
(ic. low to no hepatic response) and therefore are an appropriate human surrogate
species.

Husbandry
Animal Rooms 251 and 259 were usedforthis study. Environmental controlsforthe
animal rooms were set to maintain 18 to 29°C, arelative humidityof 30 to 70%,and a
12-hour light/12-hour dark cycle. Variations from these conditions are documented in
thedataand are considered to have had no effect on the outcome of the study.

‘The animals were housed individually in suspended, stainless-steel cages.

Certified primate diet (#8726C, Harlan Teklad) was provided once or twice daily, unless.
otherwise specified. The lot numbersare recorded in the data. The diet is routinely
analyzed by the manufacturer for nutritional components and environmental
contaminants. Resultsof specified nutrient and contaminant analyses are on file with
Covance-Madison. Fruits or additional supplements were provided, but did not require
analysis.

‘Water was providedad libitum. Samplesofthe waterareanalyzed for specified
‘microorganisms and environmental contaminants. Theresultsareon fle with
Covance-Madison.

‘There were no known contaminants in the diet or water at levels that would have.
interfered with this study.

" 002650
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Acclimation
‘Twenty-four males and 24 females were received on June 30, 1998, and acclimated in
Animal Room 251 for 57 days before initiationoftreatment. In general, animalsinthis
shipment appeared healthy. During acclimation, the animals were examined for
‘abnormalities indicativeofhealth problems. Inaddition, three tuberculosis tests, a
physical examination, and a fecal flotation for parasites were performedoneach animal.

PROCEDURES

This study was conducted in accordance with the Protocol dated August 20, 1998, and
Protocol Amendment Nos. 1, 2, and 3. The protocol, protocol amendments, and protocol

deviationsare in Appendix 1.

Group Designations and Dosage Levels
Selection ofanimals for the study was based on data collected during acclimation.
Animals were assigned to treatment groups using a computerized blocking procedure
designed to achieve body weight balance with respect to treatment group.

Dose Level Total Material Dose Level NumberofAnimalsGroup /day)* G /day)® Males Females
1 o 30° [3 62 003 1s 4 4
3 0.15 6 6 6
4 075 30° 6 6
a The control group (Group 1) received the equivalent amount of lactose in

gelatin capsules as the total material administered to Group 4.
b The low-dose (Group 2) received the test material diluted with lactose

(1:499, wow).
© The mid-dose (Group 3) and high-dose (Group 4) groups receivedthetest

‘material diluted with lactose (1:39, wiw).
d Two animals in Groups 1, 3, and 4designated as recovery animals weretreated for at least 26 weeks, then treatment was discontinued, and the

‘animals were observed for reversibility, persistence, or delayed occurrence:oftoxic effects for at least 52 weeks postreatment,

15 002651
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Dosing Procedures
Vehicle. Dose levels were based on the vehicle as supplied for Group 1. ForGroup 1dose preparations, the specified amount of lactose was weighed, transferredintogelatincapsules, and the top and bottom halvesofeachcapsule were joined. Capsules wereprepared at least once weekly.

Test Material. The test materiallactose preparations for Groups 2 through 4 were
diluted once before initiationoftreatment; capsules were prepared at least once weekly.

Aspecified amountoftest material was weighed, placed into a labeled mixing container,‘and the appropriate volumeofacetone was added. After stirring manually untilthe test
‘material was dissolved, the required amount of lactose was weighed and transferred to the
container. The components were mixed thoroughly using a spatula. Thepreparedtest
material dilution was stirred periodically while allowed to stand exposedtothe air until
the acetone had evaporated. Preparations were diluted to facilitate capsule preparation.

Samplesofthe finished mixture for dose analyses were taken directlyfromthe container.

The dose preparations werestoredat room temperature between capsule preparations.The appropriate amount of prepared test material was weighed and transferred into Size 2
(Days 1 through 8)or 4 (Days9 through 184) gelatin capsules and thetopand bottom
halvesofeach capsule were joined. Size 4 capsules were used insteadof Size2 to better
facilitate dose administration. Individual daily doses were based on the most recently
recorded body weight, with the exception of doses given on days when body weight
‘measurements were performed; on those days, the previous body weight was used.

All capsule preparations were stored at room temperature until used for dosing.

Method of Administration. Gelatin capsules were used to facilitate comparison with
data from previous toxicology studies that used the oral route. Also, oral is the most
likely routeofexposure in humans. Partial or intact capsules were noted in the vomitus
ofseveral animals on occasion; however, this is not considered to have adversely affected
the resultsofthe study.

‘The dose preparations were administered orally in gelatin capsules once daily
7 days/weekforat least 26 weeks (see Protocol Deviations for exceptions).

002652
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Dose Analyses
Homogeneity and stability analyses were the responsibiltyofthe Sponsor.

Samples (approximately 1 g each) were taken from the top, middle, and bottomofthe test‘materiallactose preparationson Day -15 for homogeneity analysis. Samples collected
from the middleofthe preparationswerealso designated for prestudy stability analysis.
Aset of samples (approximately 1 g each) were taken fromthe low- and high-dose test‘materiallactose preparations at the endofthe treatment phase for test material content
analysis.

All samples were stored at room temperatureuntilsent under ambient conditions to the
Sponsorforanalysis. Resultsofdose analyses will be provided for inclusioninthe final
report.

ObservationofAnimals
Clinical Observations. The animals were observed twice daily (a.m. and p.m.) for
‘mortality and moribundity. Animalswerealso observed at least once daily (a.m) for
signsofpoor health or abnormal behavior, and food consumption was assessed
qualitatively; only abnormal findings were recorded. Once weekly and on the day of
scheduled sacrifice, each animal was observed; abnormal findingsoran indication of
normal was recorded (see Protocol Deviations for exceptions). Additionally, postdose
observations were recorded during treatment approximately 30 to 90 minutes after the
last dose administration; only abnormal findings were recorded.

Ophthalmology. Ophthalmic examinations were done on each animal before initiation
of treatment, before the scheduled terminal sacrifice during Week 26, and during
‘Week 52 (see Protocol Deviations). The pupils were dilated with 1% Mydriacyl® and
the anterior portionofthe eye, optic media, and ocular fundus were examined with an
indirect ophthalmoscope by a board-certified ophthalmologist.

Body Weights. Individual body weight data were recorded weekly before initiation of
treatment, on Day -1, on the first day of treatment, and weekly thereafter. Body weights
were also recorded for animals sacrificed at unscheduled intervals.

002653
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Clinical Pathology
Blood and urine samples were collected fromeachanimal once before initiation of
wreatment (Day -27); on Days 37, 62, 91, 153, and 182 oftreatment; and on Days 245,
271,274, 322, 364, 456, and 546 during recovery (see Protocol Deviations). Animals
were fasted overnight, and urine was collected overnight on wet ice before blood
sampling; water wasprovidedad libitum. Blood was collectedfromthe femoral vein.
Potassium EDTA was the anticoagulant used for hematology tests; no anticoagulant was
usedforthe chemistry tests. Blood samples were collectedfromthe animalthatwas.
sacrificedatan unscheduled interval. Animals were bled in sequentialorder on Days 37,
62, and 91 and in random orderatall other scheduled collections; this is not expected to
have an impact on the clinical pathology results. The following were evaluated (see
Protocol Deviations for exceptions).

Hematology
red blood cell (erythrocyte) count differential blood cell count
hemoglobin segmented neutrophil count
hematocrit Iymphocyte count
‘mean corpuscular volume ‘monocyte count
‘mean corpuscular hemoglobin eosinophil count
mean corpuscular hemoglobin basophil count
concentration blood cell morphology

platelet count reticulocyte count
‘white blood cell (leukocyte) count

Clinical Chemistry
glucose sorbitol dehydrogenase
urea nitrogen creatine kinase:

creatinine: calcium
total protein inorganic phosphorus.

albumin sodium
globulin potassium
total bilirubin chloride

cholesterol bile acids
triglycerides amylase
alanine aminotransferase lipase:
alkaline phosphatase pancreatic-specific amylase
aspartate aminotransferase high density lipoprotein (HDL)
‘gamma glutamyltransferase: (effective with collection on Day 153)

. 18 002654
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Urinalysis
volume (approximately 16 hours) bilirubinspecific gravity blood
PH urobilinogenprotein ‘microscopic examinationofsedimentglucose appearanceketones

Blood Hormone Determination
Blood samples (approximately5 mL) were collected from each animal three times beforeinitiation of treatment (Days -50, -40, and -27); on Days 37, 62, 91, and 182oftreatment;and on Days 217, 245, 274, 322, 364, 458, and 549 during recovery. Animals werefasted overnight. Blood was collected from a femoralvein withoutusingan
anticoagulant. Samples were allowed to clot and centrifuged within 1 hour aftercollection; serum was harvested. The serumwas divided into twoapproximatelyequalaliquots and stored in a freezer, set to maintain -60 to-80°C, until packedondry ice andshipped to Ani Lytics Inc. for analysis of cortisol, testosterone, estradiol, estrone, estriol,thyroid stimulating hormone, total triiodothyronine, and total thyroxin. Beginning withthe collection on Day 322 the samples were also analyzed for free triiodothyronine andfree thyroxin.

Serum PFOS Level Determination
Blood samples (approximately 2 mL) were collectedfromeachanimal once beforeinitiation of treatment (Day -27); during Weeks 1 (Day 7), 2,4, 6, 8, 12, 16,20, 24,and 26, and 27 (Day 183) of treatment; and during Weeks 27 (Days 184, 185, and 187),28 (Day 190), 29 (Day 198), 30 (Day 204), 31 (Day 211), 35, 39, 43, 47, 51, 53, 57, 61,65,69, 73,77, and 79 (sce Protocol Deviations). Animals were fasted overnight andwater was provided ad libitum. Blood was collected from a femoral vein without usingan anticoagulant. Samples were centrifuged within 1 hour afer collection and serum washarvested. Serum samples were stored ina freezer, set to maintain -60 to-80°C, unilpacked on dry ice and shipped to the Sponsor for analysis. Results will reportedseparately.

002655: 19
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Additional Serum Collection
At the scheduled terminal necropsy and the necropsy ofAnimal No. 105506 (Group 4
male), blood samples (approximately 20 mL) were collected from the vena cava at the.
timeofexsanguination. Samples were collected without using an anticoagulant and
centrifuged within 1 hourofcollection. Serum was harvested andstoredin a freezer, set
to maintain -60to -80°C,untilpackedondryiceandshippedtothe Sponsorforpossible
future analysis.

An aliquot (0.8 ml)ofthe additional serum collection samples collected fromallanimals
fromGroups1,2, 3,and 4sacrificedattheterminal necropsyweresentondry icebythe
Sponsorto AniLyticsfortotal triiodothyronine, total thyroxin, free triiodothyronine, and
free thyroxin determinations.

Urine and Feces PFOS Level Determination
Urine [at least 2mL (see Protocol Deviations)] and feces (at least 5 g)werecollected
overnight on'the first dayofrecovery (Day 184) and on Days 189, 216, 275, 321, and 366
during recovery. Inaddition, a 24-hour sample of urine and feces was collected before
the completionof 52 weeksofrecovery. Except for the first dayofrecovery, animals
were not fasted. Samples were stored ina freezer set tomaintain-10 to -30°C, until they
‘were packedondry ice and shipped tothe Sponsor. The samples will be analyzed for
PFOS. Results will be reported separately.

Additional Fecal Samples
During Week 23, a fresh fecal sample (up to 5 g) was collected from all animals in the
‘control and high-dose groups. Samples were collected in white polypropylene containers
after pans were cleaned in the morning to ensure that the fecal samples were not more
than 6 hours old (see Protocol Deviations). Samples were packedondry ice andshipped
to the Mayo Clinic for analysis.

Interim Liver Biopsy Samples
Asample of liver (approximately 1 to 2 g) was collected by biopsy from animals in
Group 4only during recovery [Week 57 (Day 393), on the same day as the serum PFOS.
blood collection]. This sample was divided into four portions as follows.
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One subsample was preserved in 10% neutral-buffered formalin, embedded in paraffin,sectioned, stained with hematoxylin and eosin (duplicate slides were prepared), and.examined microscopically.

The second subsample was flash-frozen in liquid nitrogen and stored in afreezer, setto,
‘maintain -60 to -80°C, until shipped to the Sponsorforanalysis (see Protocol
Deviations). Results will be reported separately.

‘The third subsample was processed to block stage for electron microscopic evaluation.
The tissue blocksand ahematoxylin and eosin-stained slide for light microscopy were
transferred to PAL Tissues willbeprocessed and evaluated by electron microscopy by
PAL Areport will be providedby PAI for inclusion in thefinal report.

‘The fourth subsample was flash-frozen in liquid nitrogen and stored in a freezer,setto
‘maintain -60 to -80°C, until transferredto the Sponsorfor possible future analysis.

‘Terminal Liver Biopsy Samples
A sampleofliver (approximately 1 g) was collected by biopsy from all animals in
Group 3 during recovery [Weck 80 (Day 554), one weekafter the serum PFOS blood
collection (see Protocol Deviations). This sample was flash-frozen in liquid nitrogen
and storedin a freezer, set to maintain -60 to -80°C,untilshipped to the Sponsor for
‘analysis. Results will be reported separately.

Anatomic Pathology - Terminal Sacrifice
Necropsy. A necropsy was done on Animal No. 105509 (Group 4male)that died on
Day 155 (Week 23) and Animal No. 105506 (Group 4male) that was sacrificed ina
‘moribund condition on Day 179 (Weck 26). During Week 27 (Days 184 and 185) four
animals/sex/group (Groups 1 through 3) and four females and two males (Group 4) were
fasted overnight, anesthetized with ketamine and xylazine, weighed, bledforrequired
tests, exsanguinated, and necropsied. Animals were necropsied in random order.

he necropsy included a macroscopic examinationofthe external surfaceofthebody;all
orifices; the cranial cavity; the external surface of the brain; the nasal cavity and
paranasal sinuses; cervical tissues and organs; and the thoracic, abdominal, and pelvic
cavities and viscera.
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Organ Weights. Atscheduledand unscheduled sacrifices, thefollowing organs (whenpresent) were weighed; paired organs were weighed separately.

adrenal (2) ovary 2)brain pancreasepididymis (2) testis (2)
kidney (2) thyroid (2) with parathyroidliver

Organ-to-body weight percentages and ‘organ-to-brain weight ratios were calculated.

Palmitoyl CoA Oxidase Determinations. Representative samplesofthe right lateral
lobeof liver were collected from each animalatthe scheduled sacrifice, weighed,
flash-frozen in liguid nitrogen, and stored in a freezer, set to maintain -60 to -80°C, until
analyzed for palmitoyl CoA oxidaseactivity.

Cell Proliferation Evaluation. Representative samples of the lef lateral lobeoftheliver, left and right testes, and pancreas were collected and preserved in zinc formalin. A.
‘second setoftissues (representative samples ofthe left lateral lobeofthe liver, left and
ight estes, and pancreas) preserved in formalin without zincwerealso prepared. After
fixation, sampleswere embedded in paraffin and shipped to Pathology Associates
International (PAI) for proliferation cell nuclear antigen (PCNA) evaluation, including
the examinationofslides stained with hematoxylin and eosin (see ProtocolDeviations).
Results were provided by PAI for inclusion in the final report (Appendix 7).

Liver PFOS Determination. A section of liver (approximately 20 g) was collected from
each animal at the scheduled sacrifice, weighed, flash-frozen in liquid nitrogen, and
stored in a freezer,set to maintain -60 to -80°C, until shipped with plasma samples to the
Sponsor. Results will be reported separately.

Gallbladder and Bile Collection. At the scheduled terminal sacrifice for each‘animal,
bile was collected from the gallbladder, measured, transferred into acryovial, and
flash-frozen in liquid nitrogen. The gallbladder, once emptied, was weighed, and a
section (approximately 4 to 5 mm) from the mid-portion was collected. The remaining
gallbladder was placed in a cryovial and flash-frozen in liquid nitrogen. The bile and
gallbladder samples were storedondry ice until transferred to a freezer set to maintain
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60to-80°C.Sampleswerepacked ondry ice andshipped tothe Sponsorforpossiblefuture analysis.

‘Tissue Preservation. The following tissues (when present) or representative sampleswerecollected and preserved in 10% neutral-buffered formalin, unless otherwise
specified (see Protocol Deviations).

adrenal (2) ovary 2)aorta pancreasbrain pituitarycecum prostatecervix rectumcolon salivary gland [mandibular (2)]duodenum sciatic nerveepididymis (2) seminal vesicle (2)esophagus skeletal muscle (thigh)eyes [(2) preserved in Davidson's skinfixative for all sacrificed animals] spinal cord (cervical, thoracic, andfemur with bone marrow (articular lumbar)surfaceofthe distal end) spleengallbladder sternum with bone marrowheart stomachileum tests [(2) preserved in Bouin'sjejunum solution for all sacrificed animals]kidney (2) thymuslesions thyroid (2) with parathyroidliver trachealung urinary bladder‘mammary gland uterusmesenteric lymph node vagina

Histopathology. Tissues (as appropriate) were embedded in paraffin, sectioned, stainedwith hematoxylin and eosin, and examined microscopically from each animal in the
control and high-dose groups (see Protocol Deviations for exceptions). In addition, liver
and thymus for all animals in the low- and mid-dose groups and spinal cord gray matterfrom females in the low- and mid-dose groups were embedded in paraffin, sectioned,stained with hematoxylin and cosin, and examined microscopically.Other tissues, as
appropriate, will be retained for possible future examination.
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Bone marrow smearsfrom the sternumofeach animal at scheduled and unscheduled
sacrificeswere prepared, stained with Wright's stain, and retained for possible
examination.

Electron Microscopy. A sample ofthe liver was collected from cach animal at the:
scheduled terminal sacrifice. Tissues were processed into blocks and, along with a
hematoxylin and eosin-stained slide, were shipped to PAI for analysis. Results will be:
provided for inclusion in the final report.

Anatomic Pathology - Recovery Sacrifice
Termination. Remaining animals in Group 1 were donated on Day 549 and remaining
animals in Group 3 were transferred to Covance 6329-268 on Day 560. On Day 549,
remaining animals in Group 4 were fasted overnight, anesthetized withketamineand
xylazine, weighed, exsanguinated, and necropsied.

‘The necropsyofthe animals in Group4 includeda macroscopic examinationofthe
extemal surface of the body; all orifices; thecranialcavity; the external surfaceofthe
brain; the nasal cavity and paranasal sinuses; cervical tissues and organs; and the
thoracic, abdominal, and pelvic cavities and viscera.

Liver Samples. Samples of liver were collected from animals in Group 4 as follows.

One sample was preserved in 10% neutral-buffered formalin, embedded in paraffin,
sectioned, stained with hematoxylin and eosin (duplicate slides were prepared), and
‘examined microscopically.

‘The second sample was flash-frozen in liquid nitrogenandstored in a freezer,setto
‘maintain -60 to -80°C, until shipped to the Sponsor for analysis. Results will be reported
separately.

‘The third sample was processed to block stage for electron microscopic evaluation. The
tissue blocks and a hematoxylinand eosin-stained slide for light microscopy were
transferred to Pathology Associates International (PAI). Tissues will be processed and
evaluated by electron microscopy by PAL Areport will be provided by PAI for inclusion
in the final report.
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Additional Tissue and Serum Samples. Samples of lung, kidney, spleen, thyroid,brain, abdominal fat, heart, (approximately 3 g each), and bile and serum (each as muchas possible) were collected. These samples were flash-frozen in liquidnitrogenandstored ina freezer, set to maintain -60 to -80°C, until shippedtothe Sponsor for possible.future analysis.

Statistical Analyses
Levene’s test (Levene, 1960) was done to test for variance homogeneity. In the case of
heterogeneity of variance at p < 0.05, transformations were used to stabilize the variance.Comparison tests took variance heterogeneity into consideration.

One-way analysis of variance [ANOVA (Winer, 1971a)] was used(if applicable) to‘analyze initial body weights, organ weights, palmitoyl CoA oxidase activites, continuousclinical pathology values, and blood hormone determinations. 1f the ANOVA was
significant, Dunnett's t-test (Dunnett, 1964) was used for control versus treated group‘comparisons.

One-way analysisofcovariance [ANCOVA (Winer, 19716] was used to analyze bodyweights, with inital body weights as the covariate. If the ANCOVA was significant,covariate-adjusted means were used for control versus treated group comparisons.

‘Group comparisons (Groups 2 through 4 versus Group 1) were evaluated at the
5.0%, two-tailed probability level. Only data collectedonoraferthe first day of
treatment were analyzed statistically. Statistical analyses were not performed on data
collected during recovery.

Record Retention
All raw data, documentation, records, protocol, and specimens generated as a result of
this study will be archived in the storage facilitiesofCovance-Madisonfor a period of
1 year. One year after the submissionofthe final report, the Sponsor will determine the
final disposition of the materials. All raw data stored on magnetic media and the.
protocol, study correspondence, and an original copyofthe final report will be retainedby Covance-Madison.
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‘Within 1 year after submissionofthe final report, all ofthe aforementioned materialsfromthe Sponsor's designees (Ani Lytics Inc., 3M E. T. & S, Mayo Clinic, andPathology Associates International) will be sent to the Sponsor (Andrew Seacat, PHD,3M) by the Sponsor's designees.

RESULTS AND DISCUSSION

ObservationofAnimals
Clinical Observations. Clinical observations are summarizedin Tables 1, 2, and 3;individualdataare presented in Appendix 2. Individual animalfate dataare also
presented in Appendix 2.

Animal Nos. 105506 and 105509 given 0.75 mg/kg/day (Group 4 males) did not survive
the scheduled terminal sacrifice. Allotheranimals survived to the scheduled studytermination. No clinical observations notedinthe animals that survived to the terminal
sacrifice or fecovery were attributable to the administrationof PFOS.

Animal No. 105509 (Group 4 male) died after dosing on Day 155 (Week 23). On
Day 154 (Week 22) observations of constricted pupil in both eyes and palegumswere
noted. Observations noted on Day 155priorto dosing included few, mucoid, liquid, and
black-colored feces and low food consumption. Approximately 15 minutesafterdosing,
the animal was observedas hypoactive with labored respiration and pale gums. This
animal also appeared dehydrated and was cold tothetouch. These observations persisteduntil approximately 30 minutes postdose when the animal was also noted as recumbent.Shortly thereafter, the animal died during an examination byalaboratoryanimal
Veterinarian. An enlarged liver was detected by palpation. The causeofdeath was
determined to be pulmonary necrosis with severe acute inflammation.

On Day 179 (Weck 26), Animal No. 105506 (Group4 male) was sacrificed in a moribund
condition. Low food consumption was noted on Day 178 (Week 26) and at the a.m.
observation interval on Day 179. Approximately5 to 10 minutes postdose on Day 179,
the animal had excessive salivation, labored respiration, and hypoactive and ataxic
behavior. With the exceptionof excessive salivation, these findings continued to be
observed approximately 3 hours postdose. The cause of the moribund condition was not
determined.
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Two additional animals had noteworthy observations during treatment. One female inthe group given the control material, Animal No. 105529,was examinedby a laboratoryanimal veterinarian on Day 5 (Week 1) duetoobservationsofdehydration, thinappearance,clearoraland nasal discharge, excessive salivation, and audible respiration.‘Thisanimal was diagnosed with pneumonia and treated with Lactated Ringer's solutionand antibiotics. ‘This animal had recovered by Day 14 (Week 2). Animal No. 105534(Group4 female) was diagnosed witha tapeworm infection during Week 23 and wastreated with praziquantel. Neither infection was test material-elated.

Clinical observations during recovery were typical of laboratory primates.

Ophthalmology. Ophthalmic observations are summarized in Table 4; individual data
are presented in Appendix 2.

‘There were no ophthalmic observations at the Week 26 or Week 52 examinations thatwere test materiabrelated. Animal No. 105529 (Group 1 female) was noted as havingincreased myelinationofthe right optic nerve at the baseline and Week 52 ophthalmic‘examinations.Because this is a permanent, congenital condition, it was noted at the
baseline and recovery examinations only and is not related to treatment with PFO.

Body Weights. Body weightdataare illustrated in Figures 1 and 2 and summarized in
‘Tables5 and 6; individual data are presentedin Appendix 3.

Covariate-adjusted mean (CAM) body weights were slightly lower in males given
0.75 mg/kg/day when compared with males given the control material beginning at

‘Week21; the difference was significantat Weeks 23 and 27. In females given
0.75 mg/kg/day, CAM body weights were significantly lower at Weeks 11 through 16,
19 through 23, and 25 through 27 when compared with females giventhe control
material. These decreases were likely test material-related.

Differences in body weights were not apparent during the recovery period.

Food Consumption. Food consumption data are summarized in Tables 1, 2, and 3
(Summary of Clinical Observations); individual data are included in the individual
clinical observations in Appendix 2.
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Low food consumption was noted sporadically for animals in the groups given thecontrol material and 0.03 mg/kg/day. The incidence of low food consumption wasgenerally higher in the groups given 0.15 and 0.75 mg/kg/dayascomparedtoanimalsgiven the control material and appeared to be testmaterialrelated. During recovery,instancesoflow food consumption were sporadic and were similarforanimals in the.
‘control and treated groups.

Clinical Pathology
Hematology, clinical chemistry, and urinalysisdataare summarized in Tables7through 45; individual data are presented in Appendix 4.

AdministrationofPFOS was associated with moderately to markedly lower total
cholesterolformales and females given 0.75 mg/kg/day and high density lipoproteincholesterol for males and females given 0.15 or 0.75 mg/kg/day. During the treatmentperiod, the effect on total cholesterol became progressively worse over time. The effecton cholesterol was reversed within 5 weeksof the end oftreatment, and theeffecton highdensity lipoprotein cholesterol was reversed within 9 weeksofthe end of treatment. Ofuncertain relationshiptoadministration of PFOS was lower total bilirubin concentrationfor males given 0.75 mg/kg/day and higher serum bile acid concentrationformales given0.75 mg/kg/day. These potential effectsofthe test material were very mild, and neitherwas considered adverse.

Palmitoyl CoA Oxidase Determination
Palmitoy] CoA oxidase determinations are summarized in Table 46; individual data arc
presented in Appendix 5.

Resultsofpalmitoyl CoA oxidase determinations were not considered to be related to the
test material.

Blood Hormone Determination
Summary and Individual Blood Hormone Data are presented in Appendix 6.
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Estradiol values were generally lower on Days 62, 91, and 182 in malesgiven
0.75 mg/kg/day, although becauseofthe variation in the dataonly the Day 182 value was
significant. Estrone values were generally higher in allofthe treated femaleson
Days 37, 62, and 91, although because ofthe variationin thedatanoneofthesevalues
‘were significantly different, and this difference was notapparent on Day 182.
‘Triiodothyronine values were notably lower onDays91 and 182 in bothmalesand
females given 0.15 or 0.75 mg/kg/day. With the single exceptiononDay91ofmales
given 0.15 mg/kg/day, all values were significantly lower. There were several other.
instances in which the hormone values in treated groups differed from thoseofcontrols,
‘but these differences were not consistent over time or ‘between sexes, were notclearly
dose-related, and did not. appear to be related to the administrationofthe testmaterial.

‘During recovery were occasional instances in which the hormone ‘values intreated groups
differed slightly from those ofcontrols,butthose differences were not consistent over
time or between sexes, were not clearly dose-related, and did notappear to beclearly
related to the administrationofthe test material.

Apparent differences in the sexual ‘maturityofbothmalesand females used in thisstudy
complicates the interpretation ofthe hormone data.

Anatomic Pathology

Terminal body weights, absolute organ weights, organ-to-body weight percentages, and
‘organ-to-brain weight ratios are summarized in Table 47; incidences of ‘macroscopic and
‘microscopic observations are summarized in Tables 48 through 51. Individual data are
presented in Appendix 5.

‘Two of four males receiving 0.75 ‘mg/kg/day (high dose) did not survive to the scheduled
terminal sacrifice at Week 27. At the terminal sacrifice, females in the group receiving
0.75 mg/kg/day had increased absolute liver weight, liver-to-body weight percentages,
and liver-to-brain weight ratios. In males, liver-to-body weight percentages were
increased in the high-dose group compared to the control group. Absolute and relative
liver weight increases were. regarded as test material-related. ‘Among the macroscopic
observations, only “mottled” liver was considered test ‘material-related. “Mottled” livers
were observed in the two high-dose males andinone high-dose female. Of the two
‘males not surviving until the scheduled terminal sacrifice, one had “mottled”and“large”
liver.
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Microscopic examination of animals sacrificed at Week 27 andofthe two malessacrificed at an unscheduled interval yielded test materialrelated observations in theliver. In threeoffour high-dose males there was hepatocellular hypertrophy, occurringther centrilobullary or without regardto location within hepatic lobules. Hypertrophy,2s described in the males, was observed in all high-dose females. The microscopicobservationsofhepatocellular hypertrophy were reflected in higher liver weights in the.high-dose females. Hypertrophy was regarded as test material-dependentinhigh-dose.animals.

Centrilobular or diffuse hepatocellular vacuolation was also test material-dependent inhigh-dose animals, occurring in twooffour females and two of four males. Multifocalhepatic vacuoles were not regardedas test material-dependent because they were found inone of four low-dose males, andin a control and a low-dose female.

Microscopic examination of liver taken atbiopsyon Week 57fromthe high-dose animaldid not have any testmaterial related findings.

At the recovery sacrifice, one oftwomalesand oneoftwofemales did not have
‘macroscopic observations. The observations in the other animals wereofadhesions on
the lungs orliverand nodules in the thoracic cavity. Noneofthese observations was
considered test material-related. Only livers were examined microscopically, and no test
‘material-related observations were made. The hepatic vacuolation observed in terminal
sacrifice and unscheduled death animals was not present, indicatingthatthe hepatic test

material related effects were reversible.

CONCLUSION

Treatment with PFOS by oral capsuleforat least 26 weeks is generally well-tolerated in
‘male and female cynomolgus monkeys at dosesup to 0.15 mg/kg/day. Clinical and
pathological findings considered to be associated with the treatment of PFOSafierat
least 26 weeks of treatment were found 10 be reversible during a 52-week recovery
period. Based on the data presented in this report, the no-observable-adverse-effect level
is 0.15 mg/kg/day. Dose analyses (provided by the Sponsor) and electron microscopy
results (provided by PAI) are forthcoming.
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OPHTHALMOLOGY REPORT

Ophthalmic examinations were done before initiationoftreatment and during Weeks 26
and 52. There were no ophthalmic observations at the Week 26 or Weck 52
examinations that were test material-related. Animal No. 105529 (Group 1 female) was
noted as having increased myelination of the right optic nerve at the bascline and
‘Week 52 ophthalmic examinations. Because this is a permanent, congenital condition, it‘was notedatthe baseline and recovery examinations only andisnot related to treatmentwith PFOS. There were no test material-related observations at anyofthe examinations.

Stephen I. Bistner, DVM Date
Diplomate, ACVO
Veterinary Ophthalmologist
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PATHOLOGY REPORT

SUMMARY

‘The purposeofthestudywasto assess the effectofthe test ‘material, Perfluorooctane
Sulfonic Acid Potassium Salt (PFOS), on critical enzyme levels, hormones, and other
selected biochemical parameters when administered daily by capsule to cynomolgus
‘monkeysfor at least 26 weeks. The test material was. administered at dose levels of 0.03,
0.15, and 0.75 mg/kg/day. One male given 0.75 mg/kg/day died on Day 155afterdose
administrationand one male given 0.75 mg/kg/day was sacrificed on Day 179 due to
poor health.

Administration ofPFOS was associated with ‘moderately to markedly lower total
cholesterol for males and females given 0.75 mg/kg/day and high density lipoprotein
cholesterol formalesand females given 0.15 or 0.75 mg/kg/day. During the treatment
period, the effect ontotal cholesterolbecame progressively worse over time. The effect
oncholesterol was reversed within5 weeksoftheendoftreatment, andtheeffect onhigh
density lipoprotein cholesterol was reversed within 9 weeksofthe endoftreatment. Of
‘uncertain relationship to administration ofPFOS waslower total bilirubin concentration
for males given 0.75mg/kg/dayand ‘higher serum bile acid concentration for malesgiven
0.75 mg/kg/day. These potential effects of the test material were very mild, and neither
‘was considered adverse.

Two of four males receiving 0.75 mg/kg/day did not survive to the scheduled terminal
sacrifice at Week 27. Atthe terminal sacrifice, females in the group receiving
0.75 mg/kg/day hadincreased absolute liver weight, liver-to-body weight percentages,
and liver-to-brain weight ratios. In males, liver-to-body weight percentages were
increased in the high-dose group compared to controls. These absolute and relative liver
‘weight increases were regarded as test material-related. Among the macroscopic
observations, only “mottled” liver was considered test material-related. “Mottled” livers
‘were observed in the two high-dose males and in one ‘high-dose female. Of the two
‘males not surviving until the scheduled terminal sacrifice, one had “mottled” and “large”
liver.

Microscopic examination of animals sacrificed at Week 27 and the two unscheduled
sacrifice males yielded test material-related observations in the liver. In three of four
high-dose males there was hepatocellular hypertrophy, occurring either centrilobullary or
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without regard to location within hepatic lobules. Hypertrophy,asdescribed in the
males, was also observed in four of four high-dose females. The microscopic
observationsof hepatocellular hypertrophy were reflected in higher liver weights in the
‘high-dose females. Hypertrophy was regarded as test ‘material-dependentin high-dose
‘animals.

Centrilobular or diffuse hepatocellular vacuolation was also test ‘material-dependent in
‘high-dose animals, occurring in twooffour females and twooffour males.Multifocal
hepatic vacuoles were not regarded as test material-dependent because they were found in
‘oneof four low-dose males, andin acontrol and alow-dose female.

Microscopic examination of liver taken at biopsy on Week 57fromthehigh-doseanimal
did not have any test material-related findings.

Forthe recovery sacrifice at Week 79, only high-dose animals were necropsied.Oneof
twomalesand one of two females did not have macroscopic observations. The
observations in theotheranimals wereofadhesions on the lungs or liver and nodules in
the thoracic cavity. Noneofthese observations was considered test material-related.
Only livers were examined microscopically. No test material-relatedobservationswere
made. The hepatic vacuolation observed in terminal sacrifice and unscheduled death
‘animals was not present, indicating that the hepatic test material-related effects were
reversible.

METHODS

Four groupsofmale and female cynomolgus monkeys were administered the test
‘material daily by capsule at a dose level of0 (control group; received capsules containing
lactose), 0.03, 0.15, or 0.75 mg/kg of body weight/day (mg/kg/day). There were six
‘animals/sex in the control group and the groups given 0.15 or 0.75 mg/kg/day; two
animals/sex in these groups were designated as recovery animals to be observed for
approximately 26 weeks posttreatment. The recovery period was laterextendedan
‘additional 26 weeks. There were four animals/sex in the group given 0.03mg/kg/day.
One male given 0.75 mg/kg/day died on Day 155 following dose administration, and one
‘male given 0.75 mg/kg/day was sacrificed on Day 179 due to poor health.
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Blood and urine were collected for hematology, clinical chemistry, andurinalysistests
‘once before initiation of treatment (Week -4), on Days 37, 62, 91, 153, and 182 and on
Days 217, 245, 364, 456, and 546 (recovery animals). High density lipoprotein
cholesterol was not measuredatthe clinical pathology intervals before Day 153.

The terminal sacrifice and necropsy occurred on Days 184/185;‘macroscopic
observations were recorded, organ weights were obtained, and tissues were placed in
fixativeas specified by the protocol. Samplesoftheright lateral lobeofthe liver from
each animal were frozen for analysisofpalmitoyl CoA oxidase activity. Sections of liver

fromeachanimalwereprocessed to block for electron‘microscopyandshippedto the
Sponsor's designee for ultrastructural evaluation. Samples of liver from each animal
‘were frozen and shipped to the Sponsor for PFOS determination. The gallbladders and
bile from each animal were collected, frozen, and shipped to the Sponsor. Samplesof
pancreas, left and right testes, and the left lateral lobeofthe liver were preservedforcell
proliferation evaluationby the Sponsor's designee using proliferation cell nuclear
antigen. Light microscopic examinations were done on collected tissues from control
animals and animals given 0.75 mg/kg/day. In addition, liver and thymus from all
animals given 0.03 or 0.15 mg/kg/day and spinal cordgraymatter from females given
0.03 or 0.15 mg/kg/day were examined by light microscopy.

During Week 57, liver biopsieswereperformed on therecoveryanimals thathadbeen
given 0.75 mg/kg/day. The tissue was divided into four samples. Threeofthesamples
‘were used for light microscopic examination, ultrastructural examination by the
‘Sponsor's designee, and PFOS analysisbythe Sponsor, respectively. The fourth sample
‘wasfrozenand shippedtothe Sponsor for possible analysis. At theend of the recovery
period (Week 79), the control animals were returned to the Covance stock colony, the
‘animals that had been given 0.15 mg/kg/day were transferred to a subsequent study for
the Sponsor (Covance 6329-268) following liver biopsy for PFOS analysis by the
‘Sponsor, and the animals that had been given 0.75 mg/kg/day were sacrificed and
necropsied. At this recovery necropsy, macroscopic observations were recorded, and
three samples ofliver were collected for light microscopic examination, ultrastructural
‘examinationbythe Sponsor's designee, and PFOS analysis by the Sponsor, respectively.

Statistically significant differences cited in the Results and Discussion are based on
comparisons between the control and treated groups.
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RESULTS AND DISCUSSION

Mortality

Two of four males receiving 0.75 mg/kg/day (high dose)ofthe test material did not
survivetothe scheduled terminal sacrifice at Week 27. One was founddeadon Day 155.
‘The other was sacrificed on Day 179duetopoor health. The causeofdeath in the animal
found dead was judged to be pulmonary necrosis with severe acuteinflammation.
Microscopically, the pulmonary lesion appeared to be an acute exacerbation ofa chronic
lesion. The cause of death in the moribund animal was not determined. All other
animals survived to their scheduled sacrifices.

Clinical Pathology

Week 4. Resultsofclinical pathology tests indicated no obvious. group or individual
health abnormalities. Several animals, however, had mildly elevated alanine
aminotransferase activities at Week -4. These animals were primarily females and were
dispersed among allofthe groups. By Day 37, their alanine aminotransferase activities
‘were no longer elevated. The transient increase in this liver enzyme was considered
likely due to subclinical infection with HepatitisA virus, a common infection in
‘cynomolgus monkeys, and did not negatively impact evaluationofthe test material.

Days 37, 62, 91, 153, and 182. Although there were several statistically significant or
otherwise notable differences for clinical pathology test results between the control and
treated animals, most of the differences were inconsistent over time or similar to
differences present before initiation oftreatment (i.e., Week ~4). The only differences
considered to represent effectsofthe test material were lower total cholesterol for‘males
and females given 0.75 mg/kg/day and lower high density lipoprotein cholesterol for
‘males and females given 0.15 or 0.75 mg/kg/day. The effect on total cholesterol became
progressively worse over time. At Day 182, the mean total cholesterol concentrations for
the males and females given 0.75 mg/kg/day were approximately 68% and 49% lower,
respectively, than those for the control males and females. The effect on high density
lipoprotein cholesterol, measured only at Days 153 and 182, was proportionately greater
than that for total cholesterol. At Day 182, the mean high density lipoprotein cholesterol
‘concentrations for the males and females given 0.75 mg/kg/day were approximately 79%
and 62% lower, respectively, than those for the control males and females.
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‘Of uncertain relationship to administration ofPFOS was lower total bilirubinconcentration for males given 0.75 mg/kg/day (statistically lower on Days 91, 153, and182) and higher serum bile acid concentration for males given 0.75 mg/kg/day(satistcally higher on Day 182 only). These potential effects ofthe test material were
‘very mild, andneitherwas considered adverse.

Statistically significant differences for other test results were consideredincidentaland
‘unrelated to administration ofthe test material. These differences were inconsistent over
time or were similar to differences that existed before the initiationoftreatment.

Unscheduled sacrifice Animal No. 105506, a male given 0.75 mg/kg/day, was sacrificed
on Day 179. The most notable findings for this animalwere a moderateneutrophilic
leukocytosis, mildly increased serum bile acid and globulin concentrations, and
‘moderately to markedly decreased total cholesterol and high density lipoproteincholesterol.

Days 217, 245, 364, 456, and546 (Recovery animals). The effect on cholesterol was
reversed by Day 217, and the effect on high density lipoprotein cholesterol was reversed
by Day 245. There were no other findings considered to represent persistent or delayedoccurrence of toxic effects

Anatomic Pathology
Organ Weights. At the terminal sacrifice (Week 27) femalesinthegroup receiving
0.75 mg/kg/day (high-dose) had increased absolute liver ‘weight, liver-to-body weight
percentages, and liver-to-brain weight ratios. This increase was regarded as test material-
related. In females the absolute pancreas weights were higher inanimalsreceiving 0.03
mg/kg/day (low-dose) than in those receiving 0 mg/kg/day (control). Increased
pancreatic weights were not regarded as test material-related.

Tn males, liver-to-body weight percentages were increased in the high-dose group
compared to controls. The increase was regarded as test material-related. Left adrenal-
to-body weight percentages were also increased in high dose males compared to controls.
‘The significance of the increase left adrenal weight percentage was not known.

Organ weights were not taken at the recovery sacrifice at Week 79.
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Macroscopic Observations. Twenty one of 30 animalsatthe terminal sacrifice had at
least one macroscopic observation. One of the observations was obesity; it was not
regarded as pathologic. Thus, 20 animals had macroscopic observations.Ofallthe
‘macroscopic observations, only “mottled” liver was considered test material-related.
“Mottled” liver was observedinthe two high-dose males and in one high-dose female.
‘Theother observations included adhesions and darkorred foci in any of several organs.
Among high-dose females, eachhadat least one observationofadarkorred focus. In
‘addition, adrenal cortices of the two high-dose males and two of four high dose females
‘were recorded as dark. In one high-dose female (Animal No. 105540), the red focus in
the lung correlated microscopically with hemorrhage. There were no microscopic
correlatesforthe other observations. Hence, dark orred foci were consideredtoonon-
specific tobeconsidered test material-related. Additionally, dark and red foci were.
‘observed in animals in other dose groups. Dark adrenal cortices did not have a
‘microscopic correlate; they, too, were not considered test materialrelated.

Ofthe two males not surviving until the scheduled terminal sacrifice, one did not have.
any macroscopic observations. The other (Animal No. 105509) had several observations.
Ofthese observations, those in the liverwere considered test material related. The liver
observations were “mottled” and “large”.

For the recovery sacrifice at Week 79, only high dose animals were necropsied. One of2
‘males and oneoftwo females did not have macroscopic observations. The observations
inthe other animals wereofadhesions on the lungs orliverand nodules inthethoracic
cavity. None of these observations was considered test material-related.

Microscopic Observations.Atthe terminal sacrifice, all tissuesfromthe control and
high dose groups were examined. All tissues were examined on the two high-dose males
not surviving until the terminal sacrifice; the microscopic data were grouped withthat of
the terminal sacrifice animals. Liver, thymus, and spinal cord were examined from
‘animals in the low and intermediate dose groups. In three of four high-dose males there:
‘was hepatocellular hypertrophy, occurring either centrilobullary or without regard to
location within hepatic lobules. Hypertrophy, as described in the males, was observed in
four of four high-dose females. The microscopic observations of hepatocellular
hypertrophy were reflected in higher liver weights in the high-dose females.
Hypertrophy was regarded as test material-dependent in high dose animals.
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Centrilobular or diffuse hepatocellular vacuolation was also test material-dependent in
‘high-dose animals, occurring in two of four females and two offour ‘males. Multifocal
‘hepatic vacuoles were not regarded as test material-dependent. Multifocalhepatic
vacuoles were found in one of four low dose males, andin a control and alow-dose
female.

‘Two other observations were suggestiveofpossible test material effects upon
‘examination ofonly control and high-dose animals. When tissues were examinedfrom
the low and intermediate dose groups as well, test material-dependency was not
supported. In females, thymic atrophy was more pronounced in dosed animals than in
controls. However, there is no clear dose-dependentpatternand thus, thymic atrophy
cannot be considered test material-dependent. Intraneuronal pigment was observed in the
spinal cord gray matter of two of four high dose, four of four mid-dose, three of four
low-dose and one of four control females. And thus, spinal cord pigment was considered
unrelated to the test material.

Microscopic examination of liver taken at biopsy on Week 57from the high-dose animal
did not have any test material related findings.

At the recovery sacrifice, livers were examined from ‘high-dose animals. No test
‘material-related observations were made. The hepatic vacuolation observed in terminal
sacrifice and unscheduled death animals was not present, indicating that the hepatic test
‘material-related effects were reversible.

In those animals from which all tissues were examined, the width ofthe femoralgrowth
plates were assessed as a general indication of the maturityofthe animals. Basedonthis
indicator, males were less mature than females.

Robert L. Hall, DVM, PhD Date
Diplomate, ACVP
(Clinical Pathology)

Robert A. Leedle, DVM, PhD Date
Diplomate, ACVP
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(COMMENTS ONTHE DATA
Various modelsofcalculators, computers, and computer programs were used to analyzedata in this study. Because different models roundoffor truncate numbers differently,values in some tables (¢.g., means, standard deviations, or individual values) may differslightly fromthose in other tables, from individually calculated data, or from statisticalanalysis data. Neither the integritynorthe interpretationofthe data was affected by thesedifferences.

‘Some tabular data were compiled using Excel® Version 7.0 software.
‘The unitsforthe dose levelsonthe data collection system (PTS) summary tables are
mg/kg/day.
‘The numberofanimals listed in the heading of the summary tableforclinicalobservations reflects the numberofanimals assigned to each group atthestartofthestudy.

‘The summary tableforclinical observations indicates the number ofanimals for which acondition was observed without regard to the specific nature, severity, reversibility,numberofincidences/animal, or the length of time the condition persisted.
Only observations other than normal are indicated on the summaryofclinicalobservations table.

The specific details for comments in the individual clinical observations tablesthatare:indicated with a “C" can be found at the endofeach group for each sex.
‘The dayofinitiation of treatment is “Day 1, Week 1.” Body weight data are enteredatthe startof a study weck (c.g., a body weight recorded on Day 1 is considered a Week 1body weight, a body weight recorded on Day 8 is considered a Week 2 body weight).
Differences in the population size (N) on the summary tablesforclinicalandanatomicpathology are explained on the individual data tables.
Resultsof clinical pathology samples collected for animals sacrificed at an unscheduledinterval appear on the individual clinical pathology tablesforthe next scheduled interval.‘These resultsare not on the summary tables and are not included in the statisticalanalyses.

Statistical analyses were not done when there were two or fewer values for a parameter.
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COMMENTS ON THE DATA (continued)
Bile volume is located on the individual anatomic pathology table under the heading of“absolute organ weight (grams)". The value listed for bile is not a weight and isdesignated witha unit of mL.

Some clinical observations discussed in the report were documented on the Request forVeterinary Services form and will be archived withtheraw data, but they do not appearon the individual clinical observations tables.
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‘CODES, ABBREVIATIONS, AND UNITS

General Codes and Abbreviations

Codes for Clinical Pathology
Abbreviations and Units for Clinical Hematology
Abbreviations and Units for ClinicalChemistry
Abbreviations and Units for ClinicalUrinalysis

Codes for Anatomic Pathology

Note: The following listsof codes, abbreviations, andunitsare used by
Covance. Some, but not necessarily all,ofthis information may be
needed for this report.
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General Codes and Abbreviations

WK WeekN Number of measurements ina groupMean; MEAN Arithmetic meanCAM Covariate-adjusted meanSD; S.D.; STAND DEV; Standard deviationSTANDARD DEV; sd
* ‘Group mean is significantly different from

themeanofthe controlgroup (Group 1) at
p<005

NA No value; not applicable; not presentP Present
c ‘Comment found at the endofeach group

for each sex
UNSCHED UnscheduledDISPATCH Observations transferred from the inlife

‘moduleofthe data collection system to the
‘necropsy module for reference during
necropsy. Observations are duplicates of
the last in-life observations.TBW Terminal body weight# Number

VETEXAM Veterinary examinationAMOBS Observations recorded during the daily,
morning observation interval.30-9008 ‘Observationsrecorded duringthe30to90
‘minute postdose observation interval.
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Codes for Clinical Pathology

GENERAL CODES
NS No sample
QS/QNS Quantity not sufficientNR No repeat (sample volume not sufficient for repeat analysis)FS Fibrin strands
sc Sample clotted
SH Slightly bemolyzedH Hemolyzed
SL Slightly lipemicL Lipemic
st Slightly icteric
1 Ieteric
NF Animal not fasted
u Unscheduled/moribund bleed
DT/DOT Animal died on test
DB Died during bleedingbe] ‘Technician judgment to repeat testTE ‘Technical error (instrument or technician error that results inunacceptable data, e.g., unacceptable instrument output, samplespilled, entryofinvalid data)RE Recording error (recorded incorrect data, ¢.g., wrong number,spelling error, incorrect date)EE Entry error (incorrect keyboard entry)SE Sampling error
PC Platelets clumped
PD Platelets decreasedPr Platelets increased
PL Platelets large
PA Platelets appear adequateco Color interferes with test
HB Heinz bodies observedPLASMO Plasmodium
NO AGG No aggregation
FR Fractious
UTD Unable to determine
NO COAG No coagulation
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Codes for Clinical Pathology (Continued)

RESULTS NOT INCLUDED IN STATISTICAL ANALYSES
Hemolyzed clinical chemistry or coagulation samples
Samples from animals at unscheduled intervals
Prothrombin times (PT) greater than 50 seconds
Activated partial thromboplastin times (PTT) greater than 110 secondsBleed times (BLETIME) greater than 30 minutes

CODES FOR BLOOD CELL MORPHOLOGY
‘The following scale was usedtomeasure the degreeofanisocytosis (ANISO),poikilocytosis (POIK), polychromasia (POLY), hypochromasia (HYPO), and toxicneutrophils (TOXNEUT):

Scale Degree Presence
f Normal for the species. Not present
1 Sight Rare
2 Moderate Few
3 Marked Moderate
4 Not applicable: Many— plate May

URINE APPEARANCE

Color Clarity Miscellaneous
A Pale E Amber 1 Black 7 Clear M DebrisB Straw F Bown  P Blue/green  K Hazy O FecesC Yellow G Red Q Blue L CloudyD Darkyelow H Green R Orange—yow HOw ROwge 0
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Codes for Clinical Pathology (Continued)

URINE CHEMISTRY MULTISTIX® STRIP

Urine Glucose_ __ UrincRetone UrineBlood
= Negative ~ Negative = Negative
+ 100mg/dL + Smg/dL + Small

++ 250mg/dL ++ 15 mg/dL ++ Moderate+++ 500mg/dL +++ 40mg/dL +++ Large+h 1,000mg/dL +++ 80mg/dL
HH 22000mgdl Here 160mgldL

Urine Urobilinogen Urine Bilirubin
= 02mgdL = Negative
+ 1mg/dL + Small
+ 2mg/dL ++ Moderate

+++ 4mg/dL +++ Large+++ mg/dL
(I' mg = approximately 1 Ehrlich unit)

‘URINE SEDIMENT

Cells, Crystals, Casts,andCommentsBacteria
A Amorphousurates Q Sperm 0 Notpresent.
B Amorphousphosphates R Fecalcontamination 1 Few
C Uricacid S$ Pinwormovafound 2 Moderate
DTriple phosphates T Pinwormlarvae found 3 Many
E Calcium oxalate U Parasite ova found
F Calciumcarbonate
G Granular casts 0
HHyaline casts 1 Notpresent
I Cellularcasts 2 1-5perfield
J Waxycasts 3 6-10perfield
K Unknowncrystal 4 11-20perfield
P_ Mucous threads >20perfield——oeread  >Wperfed
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Abbreviations and Units for Clinical Hematology
Test Abbreviation (Units)Red blood cell count RBC (E6/UL or X10%uL)Hemoglobin HGB (G/DL)Hematocrit HCT (%)Mean corpuscular volume MCV (FL)Mean corpuscular hemoglobin MCH (PG)Mean corpuscular hemoglobin concentration ~~ MCHC (%)Platelet count PLT (E3/UL or X10%L)Mean platelet volume MPV (FL)Reticulocyte count RETIC (%)
Absolute reticulocyte count RETIC (E3/UL or X10%/uL)Heinz body count HEINZ (%)Erythrocyte sedimentation rate. ESR (MM/HR)Prothrombin time PT (SEC)Activated partial thromboplastin time PTT (SEC)‘Thrombin time TT (SEC)Activated coagulation time ACT (SEC)Fibrinogen FBR (MG/DL)Fibrin/fibrinogen degradation products FDP (UG/ML)Platelet aggregation
Collagen PAGG/COL (%)Adenosine diphosphate PAGG/ADP (%)Alpha 2-antiplasmin ANTIPLAS (%)Bleeding time BLE TIME (SEC)Methemoglobin METHGB (%)Plasma hemoglobin PLA HGB (MG/DL)Myeloid/erythroid ratio M/E RATIOEstimated myeloid/erythroid ratio ESTME RATIO

‘White blood cell count WBC (E3/ULor X10%/uL)Differential blood cell count
Nucleated red blood cell count NRBC (/100 WBC)
Corrected white blood cell count COR WBC (E3/UL or X10%/uL)
Segmented neutrophil count N-SEG (E3/UL or X10%/uL) and %
Band neutrophil count N-BAND (E3/UL or X10%4L) and %
Lymphocyte count LYMPH (E3/ULor X10%4L) and %
Monocyte count MONO (E3/UL or X10*/uL) and %
Eosinophil count EOSIN (E3/UL or X10°/uL) and %
Basophil count BASO (E3/UL or X10”/4L) and %Anisacytosis ANISO (11,23)Polychromasia POLY (12,3)Poikilocytosis POIK (+123)
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Abbreviations and Units for Clinical Hematology (Continued)
Test Abbreviation (Units)Hypochromasia HYPO (12.3)Howell-Jolly bodies HIBODY (-1,2.3,4)Basophilic stippling BASTIP (1.2.3)‘Toxic neutrophils TOXNEUT (-1,23,4)Atypical lymphocytes ATYPLYM (-1.2.3.4)Aqueous white blood cell count (right eye) REYE (WBC/UL)Aqueous white blood cell count (left eye) LEYE (WBC/UL)
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Abbreviations and Units for Clinical Chemistry
Test Abbreviation (Units)Glucose GLU (MG/DL)Urea nitrogen UN (MG/DL)Urea UREA (MG/DL)Creatinine CREAT (MG/DL)Total protein TPRO (G/DL)Albumin ALB (G/DL)Globulin GLOB (G/DL)Albumin/globulin ratio A/G RATIO
Total bilirubin TBILI (MG/DL)Direct bilirubin D BILI (MG/DL)Indirect bilirubin IBILI (MG/DL)Cholesterol CHOL (MG/DL)Triglyceride TRIG (MG/DL)Urea nitrogen/creatinine ratio UN/CREAT (RATIO)Total lipids TLIPIDS (MG/DL)Phospholipids P LIPIDS (MG/DL)High-density lipoprotein cholesterol HDL (MG/DL)Low-density lipoprotein cholesterol LDL (MG/DL)Uric acid UA (MG/DL)Aspartate aminotransferase ASTISGOT (IU/L)Alanine aminotransferase: ALT/SGPT (IU/L)Alkaline phosphatase ALK PHOS (IU/L)‘Gamma glutamy] transferase GGT (UL)Sorbitol dehydrogenase SDH (IU/L)
Lactate dehydrogenase LDH (IU/L)
Creatine kinase CK (UL)Amylase AMYLASE (TUL)Lipase LIPASE (IUL)Palmitoyl CoA oxidase: PCOAO (IU/G)Calcium CA (MG/DL)Tonized calcium ION CA (MG/DL)
Inorganic phosphorus TPHOS (MG/DL)
Sodium NA (MMOL/L)Potassium K (MMOL/L)Chloride CL (MMOL/L)Magnesium MG (MEQIL or MG/DL)Zinc ZN (MG/L or PPM)Strontium SR (MGIL or PPM)Tron FE (UG/DL)
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Abbreviations and Units for Clinical Chemistry (Continued)
Test Abbreviation (Units)
Excess iron EX FE (UG/DL)Total iron binding capacity TIBC (UG/DL)‘Unbound iron binding capacity UIBC (UG/DL)Percent iron saturation FE %SAT (%)Plasma cholinesterase CHEP (MUML)
Redblood cell cholinesterase CHER (MU/ML)Brain cholinesterase CHEB (MU/ML)Caudate putamen CAUD PUT (UMOL/G)Hippocampus HIPPOCAM (UMOL/G)Frontal cortex F CORTEX (UMOL/G)Cerebellum CEREBELL (UMOL/G)
Bicarbonate BICARB (MMOL/L)Serum hemoglobin SER HGB (MG/DL)Serum bile acids. SBA (UMOL/L or MG/DL)Fecal bile acids FBA (UG/ML)
Average fecal weight FCC WGT (G)
Fecal bile acids (calculation) FBA (MG/Day)

Osmolality (OSMO (MOSM/KG)
Electrophoresis
Albumin E ALB (G/DL)
Alpha-1-globulin EA-1 (G/DL)Alpha-2-globulin EA2(GDL)
Beta globulin E BETA (G/DL)
‘Gamma globulin E GAMMA (G/DL)High-density lipoprotein E-HDL (%)Low-density lipoprotein E-LDL (%)Very-low-density lipoprotein E-VLDL (%)Insulin INSULIN (UUML)Adrenocorticotropic hormone ACTH (PG/ML)Cortisol CORTISOL (UG/ML)Glucagon GLUCAGON (PG/ML)Triiodothyronine T3 (NG/DL)Thyroxine T4 (UG/DL)Creatine kinase isoenzymes
BB CK-BB (UL)
MB CK-MB (UL)MM CK-MM (ULL)
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: Abbreviations and Units for Clinical Urinalysis
Test Abbreviation (Units)
Urine volume U VOL (ML)8 hour urine volume 8 HR VOL (ML)Specific gravity SPGRUrine osmolality U OSMO (MOSM/KG)
Quantitative urinary/cerebrospinal QUAN PRO (MG/DL)fluid protein
Urine protein excretion PROEXC (MG)
Urine chemistry Multistix® strip

Urine pH UPH
Urine protein U PRO (MG/DL)Urine glucose UGLY
Urine ketones UKETUrine bilirubin UBILI
Urine blood U BLOOD
Urine urobilinogen UROBILI
Urine reducing substances URE SUB

Microscopic-examination ofurine sediment
Red blood cells per high-power field RBC (PER HPF)‘White blood cells per high-power field WBC (PER HPF)
Epithelial cells per high-power field EPITH (PER HPF)
Bacteria per high-power field BACT (PER HPF)
Casts per low-power field CASTS (PER LPF)
Crystals per low-power field CRYSTALS (PER LPFI or

PER LPF2)
Urine appearance URINE APPI or URINE APP2Comments COMMENTS

Miscellaneous Codes and Abbreviations for ClinicalPathology
Fecal occult blood Not applicable
Fecal parasite detection Not applicable
‘Hemolytic potential Not applicable
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Codes for Anatomic Pathology

Code Definition

ANIMAL DEATH CODES
T Terminal sacrifice
u Recovery sacrifice
D Found dead
M Moribund
PIO Donated
6 ‘Transferred to Covance 6329-268

MACROSCOPIC CODES

EX Indicatesthatorgan weight is excluded from calculationsNOT TAKEN ‘Organ weight not taken; explanation given in necropsy notesMISSING Organ missing or lost
UNSUITABLE Organ technically unsuitable for weighing
AUTOLYTIC Organ autolyzed and could not be weighedEXCLUDE ‘Weight was taken, but was excludedfromall calculations

MICROSCOPIC CODES

Codes Prefacing Neoplastic Findings
B- Primary, benign neoplasm
M- Primary, malignant neoplasm
N- Metastatic neoplasm
I Locally invasive neoplasm
X- Other neoplasm

Distribution of Findings
Focal
Diffuse
Multifocal
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Codes for Anatomic Pathology (Continued)

Code Definition

Grades for Severity or Amount
1 Minimal -theleastamountof changethatcanbe observed withthe

light microscope:
2 Slight- lessthanaverage amountof change, but readily discernibleas abnormal
3 Moderate - the average amount of change thatis expected foralesion
4 Moderately severe (marked) - a marked amountof change with

possible loss of function of the affected cells or organs5 Severe -a great amountofchange with probable loss of function ofthe affected cell or organs and frequently involves large areas of
the organ

Other Microscopic Codes
TL Total
P Finding present
- Finding not present

TISSUE ABBREVIATIONS

Abbreviation Definition
LF Left
RT RightIN Lymph node
GL Gland
STOMACH, GL Glandular stomach
STOMACH, NONGL Nonglandular
SALIV GL, MANDIB Mandibular salivary gland
LN, ANT MES/PANC Anterior mesenteric/pancreatic lymph nodeAUDITORY SEB GL Auditory sebaceous gland
LACRIMAL GLAND, EX Exorbital lacrimal gland
HEMATO NEOPLASIA Hematopoietic neoplasia
LACRIMAL GL, INT Internal lacrimal gland
CAVITY, ABDOM Abdominal cavity
SALIV GL,PAROTID Parotid salivary gland
LN, TRACHEOBRON ‘Tracheobronchial lymph node
THYROID/PARA ‘Thyroid with parathyroid
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APPENDIX 1

Protocol Deviations

Protocol
Protocol Amendment No. 1

Protocol Amendment No. 2

‘Protocol Amendment No. 3

002318
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Protocol Deviations

Protocol. Reserve (Archive) Samples. “These samples will be transferredtothe

‘Sponsor after completion of the in-life phase.”

Actual Procedure. These samples were shipped to the Sponsorafterthe dosing phase

wascompeted, which was priorto the endofthe in-life phase.

Protocol. Dosing Procedures. Method of Administration. “Orally by gelatin capsules,

daily (7 days/week)forat least26weeks.”

Actual Procedure. On Day 3, Animal Nos. 105520 (Group 1 male)and 105529 (Group 1

female) didnot receive adose administrationdue to bleeding and irritationinthe throat.

Dosing was discontinued for Animal No. 105530 (Group 1 female)fromDays 10

through 14 due toa sore inside its mouth.

Protocol. Observation of Animals. Clinical Observations. “Once weekly,cachanimal

will be observed; abnormal findings oranindication that the animal was normal will be:

recorded.”

Actual Procedure. During the courseofthe study, several animals did not have a

weekly observation of normalofabnormal recorded on various scheduled days.

Protocol. Observation of Animals. Ophthalmic Examinations. Before initiation of

treatment and before each scheduled sacrifice; the anterior portion of the eye, optic

meds, and ocular fundus will be examined using an indirect ophthalmoscopeby aboard-

certified ophthalmologist.

Actual Procedure. An ophthalmic examination was completed during Week 52 instead

ofprior to the recovery sacrifice during Week 79.

002319
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Protocol Deviations (Continued)

Protocol. Clinical Pathology. Frequency. Scheduled Collections. “Once before

{initiation of treatment; afte at least 30, 60, 90, 150, and 180 daysoftreatment (before the

daily dose); and afera least 30, 60, 90, 135, 180, 274, and 365 daysofrecovery”

Actual Procedure. On Day 184, urine samples were collected for several animals;

however, these samples were not required by the protocol and were discarded.

Protocol. Clinical Pathology. Tests. Hematology. Eleven hematological parameters

weretobetestedat ll intervals.

Actual Procedure. Inaddition to the required hematology testsatthe pretreatment

interval, mean platelet volume, red blood cell distribution width, platelet distribution

width, and plateletcrit were also inadvertently tested for.

Protocol. Serum PFOS Level Determination. MethodofCollection. “Animals will be

fasted overnight; blood (approximately 2 mL) will be collectedfrom a femoral vein

‘without an anticoagulant.”

Actual Procedure. Animals were not fasted overnightforthe scheduled collection on

Day 197; however, animals were fasted the following ightand collection was done on

Day 198.

Protocol, Urine and Feces PFOS Level Determination. Method of Collection. “Animals

will not be fasted (except for the first dayofrecovery); urine (at least 2 mL) and feces (at

least 5 g) will be collected overnight.”

Actual Procedure. The amountofurine collected was not documented at thetime of

each collection and therefore cannot be verified.

002920
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Protocol Deviations (Continued)

Protocol. Additional Fecal Samples. “The sampleswillbe collected in the early

afternoonafterpansarecleanedinthemorningto ensurethat theyarenomorethan

hours old.”

Actual Procedure. On Day 160, some fecal samples were collected in the late morning

rather than the early aftemoon.

Protocol. Interim Liver Biopsy Samples. “Kris J. Hansen or her altemate will be

notified regarding the shipmentofthe samples.”

ActualProcedure. Thephone call madeto notify Kris J. Hansen prior to shipment of

these samples was not documented and therefore cannot be verified.

Protocol, Terminal Liver Biopsy Samples. “A sample of liver (approximately 1 8) will

be collected by biopsy from all animals in Groups 3 during recovery (Week 79, within

1 dayofthe serum PFOS blood collection).”

Actual Procedure. These samples were collected during Weck 80, and were not

collected within one day of the serum PFOS blood collection.

Protocol. Postmortem Procedures. Cell Proliferation Evaluation. “Afer fixation.

samples for proliferation cell nuclear antigen (PCNA) evaluation wil be embeddedin

paraffin and shipped t0:"

Actual Procedure. PCNA analysis was not doneforAnimal No. 105509 (Group4

male).

Protocol, Termination. Postmortem Procedures. Additional Lung Tissue Samples. “At

the terminal necropsy, a sample of lung (approximately 5 g) will be collectedfroman

nimal in the high-dose group. This sample will be weighed, flash-frozen in liquid

trogen, and sored ina freezer, st 0 maintain 60 to 80°C, unl shipped. This frozen
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Protocol Deviations (Continued)

sample, and a sampleof lung (approximately 1 g. stored in formalin) from Animal

No. 103509 (Group 4 male, died January 27, 1999) will be sent separately under

appropriate conditions (ambient or packed on dry ice) to:

Kris J. Hansen, PAD
3ME.T.&S.

Bldg, 23E-09
935 Bush Avenue
St. Paul, Minnesota 55106
‘Telephone:651.778.6018

Facsimile: 651.778.6176

Kris J. Hansen or her alternate will be. notified regarding the shipment. of the samples.”

Actual Procedure. This procedurewasinadvertently not done at the terminal sacrifice;

thus no samples were available for shipment toKris J. Hansen, PhD.

Protocol. Termination. Postmortem Procedures. Tissue Preservation. “The following

tissues (when present) from each. animal will be preserved in 10%‘neutral-buffered

formalin, unless otherwise specified, for possible future ‘microscopic examination.”

Actual Procedure. Femoral bone marrow from Animal Nos. 105517, 105519, 105527

(Group 1 males), 105507, 105509, 105512 (Group 4 males), 105531, 105535 (Group 1

females), 105536, 105540, and 105551 (Group 4 females); mammary gland from Animal

Nos. 105508, 105519 (Group 1 males), and 105512 (Group 4 male); and parathyroid from

Animal No. 105544 (Group 1 female) were insufficient. These tissues, therefore, were

not examined microscopically. Additionally, one ovary ofa possible two wesexamined

from Animal No. 105536 (Group 4 female). Missing tissues are listed with appropriate.

comments in the pathology data sheets for individual animals. Summary tables do not

include them as having been examined.

These deviations are not expected to have affected the results of the study.
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‘Sponsor:

3M
St. Paul, Minnesota

"PROTOCOL

Study Title:

26-WeekCapsule Toxicity Study with Perfluorooctane Sulfonic Acid

Potassium Salt (PFOS; T-6295) in Cynomolgus‘Monkeys

Date:

| August 20, 1998

Performing Laboratory:

Covance Laboratories Inc.

3301 Kinsman Boulevard

‘Madison, Wisconsin 53704-2595

Laboratory Study Identification:

Proposal No. 90545B

Covance 6329-223

Sponsor Project.Identification:

3M Study No. T-6295.7
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Study
26-WeekCapsuleToxicity Stady with Perluorooctane Sulfonic Acid Potassium Salt
(PFOS; T-6295) in Cynomolgus Monkeys

Purpose
Toassesstheeffectofthetestmaterialoncriticalenzymelevels, hormones,andother
selected biochemical parameters when administered daily by capsule to cynomolgus
‘monkeys for at least 26 weeks

Sponsor
3M
Toxicology Services
‘Building 2202-02, 3M Center
St. Paul, Mivnesota 55144-1000

StudyMonitor
Andrew M. Seacat, PhD
3M
‘Telephone No.: 651.575.3161

Facsimile No.: 651.733.1773

Alternate Study Monitor

‘Marvin T. Case, DVM, PhD

3M Toxicology Services
Telephone No.: 651.733.5180
Facsimile No.: 651.733.1773

Study Location
Covance Laboratories Inc.

3301 Kinsman Boulevard

‘Madison, Wisconsin 53704-2595

‘Mailing Address: PO Box 7545
Madison, Wisconsin 53707-7545
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Stady Director
‘Peter J. Thomford, PhD
Covance Laboratories Inc.
Telephone No.: 608.241.7207
Facsimile No.: 608.242.2736

Study Toxicologist
DaleAldridge, BS
Covance Laboratories Ine.

‘Proposed Stady Timetable
‘Experimental Start Date: August 26, 1998
InlifeStartDate: August 26, 1998
Tavlife Termination Date: To be determined
Audited Draft Report Date: To be determined
Experimental Termination Date: To be determined

Regulatory Compliance
“This study willbeconductedincompliance withtheEnvironmentalProtectionAgency
GoodLaboratory Practice Regulations as set forthin Title40oftheUS Codeof Federal
Regulations, Part 792, issued November 29, 1983 (effective December 29, 1983), and
with any applicable amendmeas.

Animal Care and Use Statement
“Allproceduresinthisprotocolarein compliance withtheAnimalWelfareAct
Regulations, 9 CFR 14.Inthe opinion of the Sponsor and study director, the study does
‘not unnecessarily duplicate any previous work.

Quality Assurance
The protocol, study conduct, and final report will be audited by the Covance Quality
Assurance Unit (QAU). The proliferation cell muclear antigen evaluation data and report
ill be audited by the QAU ofPathology Associates International. The dose analysis and
serum andliverPEOSanalysisandreportwillbeauditedbythe QAUof 3M
‘Environmental Laboratories. The blood hormone determinations andreportwillbe
auditedbytheQAUof Ani Lytics Inc.

002325

: 290



Covance6329223
IM T6257

J
E———

Test Material

Identification
Perfluorooctane Sulfonic Acid Potassium Salt (PFOS; T-6295)

Lot Number
Thelot numberwill be maintainedintherawdata.

Purity
Responsibilityofthe Sponsor

Stability
Responsibilityofthe Sponsor

Storage Conditions
At room temperature

Characteristics
Information on synthesis methods, composition, o othercharacteristics that define the
test material is on file with the Sponsor.

Vehicle

Identification
Lactose

Lot Number
The lot numberwillbemaintainedintherawdata.

Purity
On file with the manufacturer

Stability
On file with the manufacturer

Storage Conditions
“At room temperature:
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Gelatin Capsules
Capsules (Size No.2) obtained from Torpac, Inc. (Fairfield, New Jersey); lotmumberwill
‘be supplid by the manufacturer. Gelatin capsuleswillbe storedat room temperature. A
CopyoftheCertificateof Analysisprovidedbythe manufacturerwilbe maintainedinthe
daa.

Reserve (Archive) Samples
‘A reservesampleofeach lotoftestmaterial, vehicle,andeachtestmaterial/lactose.
luton(1 g each)willbetakenandstoredatroom temperature. Thesesampleswillbe
transferred to the Sponsoraftercompletion of the in-life phase.

Dispositionof Test Material
‘Anyremainingtestmaterial vil beretainedat Covanceforuseinpossiblefuturestudies.

Animals

Species
Cynomolgus monkey

Source
Covance Research Products Inc.

Age at InitiationofTreatment
Young adult/adult

Weight at Initiation of Treatment
Approximately 2t0 5 kg

Number and Sex
22 males and2 females

Identification
Collar tag

Husbandry

Housing
Individual; animals will be housed in suspended, stainless steel cages.

2 002927



Covance6329223
IMTe2957

Pages-_—
Pips

Diet
Certified primate diet (#8726C, Harlan Teklad) once or twice daily. Thedietisroutinely analyzed by the manufacturer for nutritional components and environmental‘contaminants. Resultsofspecified nutrient andcontaminantanalyses areonfileat‘Covance-Madison. Fruit, vegetables, or other supplements may be provided but willnot require analysis.

Water
Ad libitum. Samplesofthe waterare routinely analyzed for specified microorganismsand environmental contaminants.Theresults are on file at Covance-Madison.

Contaminants
There are 50 known contaminants in the diet or water at levels that might interfer withthis study.

Environment
Environmentalcontrolsfo theanimalroomwillbesetto maintain 18to 29°C,a.relative humidity of 30 to 70%, and a 12-hour light/12-hour dark cycle. The dark cycle‘may be interrupted to accommodate in-life procedures.
Acclimation
Minimum of4weeks

Randomization
Animalswill beweighed,stratifiedbybodyweight, andallocatedtothenumberof
‘blocks equal tothe numberofanimalstobe selectedforeach group. Animalsineachblock will then be assigned to groups using computer-generated random numbers.

Justification
PFOS is aknownhepatic peroxisome proliferator (PP) in the rat. When exposed to PP,
‘nonhumanprimates (such as the cynomolgus monkey) respond similarly to humansGie., low to no hepatic response) and therefore are an appropriate human surrogatespecies.
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‘GroupDesignations and Dosage Levels
err——— TT ——TTT ep r—

Dose Level Toul Material Dose NumberofAnimals
Group (mg/kg/day)* Level (mg/kg/day) Males Females

1 o 30° & &
2 0.03 15° 4 4
3 0.15 6 6 6
4 0.75 30° 6 6
aDoselevelsvillbe provided.The control group (Group 1) will receive an
equivalentamountof lactose in gelatin capsules as the total material administeredto
Group 4.

b The low-dose (Group 2) will receivethe test material diluted with lactose
(1:499, ww).

© The mid-dose (Group 3) and high-dose (Group 4) groupswillreceivethe test
‘material diluted with lactose (1:39, wiv).

dTwoanimalsinGroups1,3,and 4designatedasrecovery animals wil betreatedfor
atleast26weeks,then treatmentwillbediscontinued,andtheanimalswillbe
observed for reversibility, persistence, or delayed occurrence of toxic effects for at

least 13weeksposturcatment. Basedonplasma testmaterial levels and clinical
pathology findings, the recovery may be reduced or extended, at the discretion of
‘the study director and after consultation with the Sponsor.

Dosing Procedures

Methodof Administration
Orally by gelatin capsules, daily (7 days/week) for at least 26 weeks

Reason for Dosing Route
‘To compare with data from previous toxicology studies using the oral route, which is
the most likely routeofexposure

Dose Preparation
Capsuleswillbepreparedatleastweekly.Thesizeandnumber ofcapsuleswilldepend
on the physical characteristics of the test materia, the dose level, and the weight of the:
monkey. Individual daily doses will bebasedon the most recentindividualbody
‘weights, with the exceptionofbody weight collection days when the previous body
‘weightwill be used. Dose levels willbe based onthevehicleassuppliedforGroup 1.
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For the Groups 2 through 4 dose preparations, the test material will be dissolved inacetone and diluted with lactose (1:499, 1:39, and 1:39, wiw, respectively) once beforeinitiation of treatment. Dilution with lactose is necessary to facilitate capsule‘preparation. All dosepreparations will be stored at room temperature until dosed.

Dose Analyses
Doseanalyseswillbe donebytheSponsor.

Homogeneity
‘Samples (approximately1 geach)wilbecollectedfromthetop,middle,andbottomof the test material/lactose preparations for the low- and high-dose groups andanalyzedfortestmaterial content.Alsamples willbestoredatroom temperature:until analyzed.

Stability
Homogeneity samples collected from the middleofthe preparations will be used for
the prestudy stability analysis. One setof samples (approximately 1 g each) will be.takenfromthelow- and high-dosetest material/lactose preparationsattheendoftheinvlife phase and analyzed for test material content.

Sample Shipping
Samples will be shipped under ambient conditions to:

Kris J. Hansen, PhD ’
3ME.T.&S
Bldg. 236-09
935 Bush Avenue
St Paul, Minnesota 55106
Telephone: 651.778.6018
Facsimile: 651.778.6176

KrisJ. Hansenorheraltemate willbe notified regardingthe shipmentofthesamples.
Analysisoffortest materialcontentwill be doneonthesamples. Resultswillbe:
provided for inclusioninthe final report.

ObservationofAnimals

Clinical Observations
Each animal will be observed twice daily (an. and p.m.) for mortalityandmoribundity;findingswillberecordedastheyareobserved.
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Eachanimal willbeobserveddailyandfoodconsumptionwillbeassessedqualitatively;abuormal findings will be recorded. Once weekly, eachanimal will be observed;abnormal findings, or an indication that the animal is noma will be recorded, Duringtreatment, eachanimalwillbe observed for signs of poor health or abnormal behaviorapproximately 30 to 90 minutes afer the last animal on tes has been dosed; abnormal
findings will be recorded.

Additional findings will be recorded as they are observed.

Body Weights
‘Weekly before initiationoftreatment, on the first dayoftreatment, and weekly
thereafter. An additional body weightwill be recorded on Day -1forthe Day 1 dosecalculations.

Ophthalmic Examinations
Before initiationoftreatment and before each scheduled sacrifice; theanteriorportion
ofthe eye, optic media, andocular fundus willbeexaminedusing an indirect
ophthalmoscope by a board-certified ophthalmologist.

Clinical Pathology

Frequency

‘Unscheduled Collections
‘Whea possible, blood willbecollectedforclinicalpathologytessfrom animals
sacrificed at unscheduled intervals

Scheduled Collections
Once before initiationof treatment; and (before the daily dose) after at least 30, 60,
90, and 180 daysoftreatment;andaferat east 30, 60, and 90 daysofrecovery

Method of Collection
Animalswillbe fasted overnight; blood willbecollectedfrom afemoralvein.
Anticoagulant will be potassium EDTA for hematology tests. No anticoagulant is
required for clinical chemistry tests. Urinewill becollected overnightonwetice:
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Tests
Hematology

red bloodcell (erythrocyte) count plateletcount
hemoglobin ‘white blood cell (leukocyte) count‘hematocrit differential blood cell count‘mean corpuscular volume bloodcellmorphology
‘mean corpuscular hemoglobin reticulocyte count
‘mean corpuscular hemoglobin
concentration

Clinical Chemistry
glucose aspartate aminotransferase gamma.
ureanitrogen glutamyltransferase
creatinine. sorbitol dehydrogenase:
total protein creatine kinase,
albumin calcium
globulin inorganic phosphorus
total bilirubin sodium

directbilirubin(ftotal bilirubin is potassium
greater than 2.0 mg/dL) chloride

cholesterol bile acids
triglycerides amylase
alanine aminotransferase: lipase
alkaline phosphatase: pancreatic-specific amylase:

Urinalysis
appearance glucose
volume (approximately 16 hours) ketones
specific gravity bilirubin
oH blood
protein ‘microscopic examinationofsediment
urobilinogen

Blood Hormone Determination

Frequency
‘Three times before initiation of treatment; after at least 30, 60, 90, and 180 days of
treatment; and afteratleast 30, 60, and 90 daysof recovery
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Number of Animals
An

MethodofCollection
Animalswil be fasted overnight;bloodwilbecollectedfromafemoral vei.Approximately 5 mLofblood will be collected without anticoagulantand allowed toclot for serum samples.

‘Sample Handling
Samplesforserumwillbecentrifugedwithin1 hourafter collection,andserum willbeharvested. Serumwillbedividedintotwo approximately equalaliquotsandstoredina freezersetto maintain -60 to -80°Cuntil packedondry ice and shippedto:

Dr. Saroj Das
Ani Lytics Inc.
200 Girard Street,Suite200
Gaithersburg, Maryland 20877
Telephone No.: 301.921.0168
Facsimile No.: 301.977.0433

Ani Lytics Inc. will be notified regarding shipmentofsamples.
Tests
Samples will be analyzed by Ani Lytics Inc, for cortisal, testosterone, estradiol,estrone, estriol, thyroid stimulating hormone, triiodothyronine (T3), andthyroxin (T4).

Serum PFOS Level Determination

Frequency
Before initaition of treatment, and during Weeks 1 (Day 7), 2, 4, 6, 8, 12, 16, 20, 24,26,28,30,32, 34, and 39.

NumberofAnimals
Al

Method of Collection
Animalswil befasted overnight; blood (approximately 2mL) will be collected froma femoral vein without an anticoagulant.
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Sample Handling
‘Sampleswillbecentrifugedwithin 1 houraftercollection,andserumwill beharvested.Serumsampleswillbestoredin afreezersetto maintain-60to-80°C.
Sample Shipping
Serum sampleswilbe packedondry iceand shipped to:

Kis J. Hansen, PhD
SME. T.&S
Bldg. 2-3E-09
935 Bush Avenue
St. Paul, Minnesota 55106
‘Telephone: 651.778.6018
Facsimile: 651.778.6176

Kris J. Hansen or her altemate will be notified regarding the shipment of the samples.AnalysisofserumforPFOSwil be doneonthesamples. Resultswillbeprovidedfor inclusion in the final report.

Additional Serum Collection
At scheduled and unscheduled necropsics, blood (as much as possible, up to 20 mL) willbe collected from the vena cava without an anticoagulant from animals at the time ofexsanguination. Samples will be centrifuged within 1 hour afier collection, and serum willbe harvested. Serum from each animal willbe transferred into an appropriate container2nd stored in afreezer setto maintain -60 to -80°C until shipped to the Sponsor(Ksis J. Hansen) for possible future analysis.

Urine and Feces PFOS Level Determination

Frequency
On thefirstdayofrecoveryand afteratleast 6, 30, and90 daysofrecovery
Number of Animals
Au

Method of Collection
Animals will not be fasted; urine (approximately 2 mL) and feces
(approximately $ grams) will be collected overnight.
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Sample Handling
‘Sampleswillbestoredin a freezerset to maintain -1010 30°C.
Sample Shipping‘Sampleswillbepackedondry iceandshippedto:

Kris J. Hansen, PhD
SME. T.&S
Bldg. 236-09
935 Bush Aveane
St Paul, Minnesota 55106
Telephone: 651.778.6018
Facsimile: 651.778.6176

KrisJ.Hanseaorheralternatewill be notifiedregardingthe shipmentofthesamples.Analysisofurine and fecesfor PFOS willbedoneonthesamples.Resultswillbeprovided for inclusion in the final report.
‘Termination

‘Unscheduled Sacrifices and Deaths
Necropsieswillbedone. Animalstobe sacrificedwillbe anesthetizedwithketamineand xylazine, weighed, bled for required tests, and exsanguinated.
Scheduled Sacrifices
After at least 26 weeks of treatment, four animals/sex/group will be fasted overnight,thenanesthetized withketamineand xylazine, weighed, exsanguinated,andnecropsied.
Afteratleast26 weeksoftreatment andatleast 13 weeks‘withouttreatment, theremaining animals will be fasted overnight, then anesthetized with ketamine and.‘xylazine, weighed, exsanguinated, and necropsied.

PostmortemProcedures

Necropsy
Thenecropsy will include examination of:

all orifices
cranial cavity
‘external surfaceofthe brain;theextemalsurfaceof the spinal cord andcutsurfaces of
thebrain andspinal cordwillbeexaminedwhentissuetrimmingis performed.

cervical tissues and organs

200 002935



Covance6329223
IMT-62957

Page ld
thoracic, abdominal, and pelvic cavities and viscera
‘external surfaceofthe body
‘nasal cavity and paranasal sinuses

Organ Weights
From cach animal at scheduled and unscheduled sacrifices,the following organs (whenpresent) will be weighed;paired organs will be weighed separately:

adrenal (2) ovary (2)
brain pancreas
epididymis (2) testis (2)kidney (2) thyroid (2) with parathyroidliver

Organ-to-body weight percentages and organ-to-brain weight ratios will be calculated.
Palmitoyl CoA Oxidase Determinations
Representative samplesofthe right lateral lobe of liver will be collected from eachanimal atthe scheduled sacrifice, weighed, flash-frozenin liquid nitrogen,andstored ina freezer set to maintain -60 to -80°C until analyzed for palmitoyl CoAoxidase activity.

Cel Proliferation Evaluation
Representative samples of the left lateral lobe of the liver, eft and right testes, and‘pancreas willbecollected and preservedinzincformalin.

Afterfixation, samples for proliferationcell nuclear antigen (PCNA) evaluation will beembedded in paraffin and shipped to:

Sandra R. Eldridge, PhD
Pathology Associates Intemational
15 Worman's Mill Court
Suite I
Frederick, Maryland 21701
Telephone: 301.663.1644ext.2036
Facsimile: 301.663.8994

Pathology Associates Intemational will be notified regarding shipmentofsamples.PCNA evaluation will be done on the samples. Results will be provided for inclusion in
the final report.
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Liver PFOS Determination
Asection (approximately 20 g)ofliverwill be collected from each animalatthescheduled sacrifice, weighed, flash-frozen in liquid nitrogen, and stored ina freezerset
to maintain -60 to -80°Cuntil shipped with plasma samplesto 3M (Kris Hansen) foranalysis. Resultswillbeprovidedforinclusioninthefinal report.

Tissue Preservation
The following tissues (when present) from each animal will be preserved in.
10% neutral-buffered formalin, unless otherwise specified, for possible future,
‘microscopic examination:

adrenal (2) mesenteric lymph node
a0ma pancreas
brain pituitary
cecum prostate
cervix rectum
colon salivary gland [mandibular (2)]
duodenum sciatic nerve
epididymis (2) seminal vesicle (2)
esophagus skeletal muscle (thigh)
e3e((2) to be preserved in Davidson's skin
fixative for sacrificed animals only] spinal cord (cervical,thoracic,and

femur with bone marrow (articular Tumbar)
‘surfaceofthe distal end) spleen

gallbladder steraum with bone marrow
heart stomach
ileum testis[(2) tobepreservedinBouins'
jejunum solution for sacrificed animals only]
Kidney 2) thymus

lesions thyroid (2) with parathyroid
liver trachea.
lung urinary bladder
‘mammary gland uterus
ovary (2) vagina

BoneMarrow Smear
Fromthe sternumofeach animalatunscheduled and scheduled sacrifices (made and
held for possible future examination).
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Histopathology
‘Tissuesfrom eachanimalinthe control and high-dose groups willbeembeddedin.paraffin, sectioned, stained with hematoxylinand eosin,andexamined microscopically.‘Tissuesfromallotheranimalswillberetained forpossiblefutureexamination.

Reports

Letter Report
Aletter report will be prepared following the terminal sacrifice.
Final Report
A draft report that includes the following information will be prepared and submitted:

Experimental Design and Methods

Results
‘mortality
clinical observations
body weights
food consumption
‘ophthalmic examinations
clinical pathology results
palmitoy] CoA oxidase activities
hormone analyses (provided by Ani Lytics)
serum, urine, feces, and liver PFOS levels (provided by 3M)
cell proliferation evaluations (provided by Pathology Associates International)
dose analyses (provided by 3M)
organ weights
organ-to-body weight percentages
‘organ-to-brain weight ratios
‘macroscopic observations
‘microscopic observations

Statistical Evaluation
Levene’testwill be done to test for variance homogeneity. In the case ofheterogeneityofvariance at 5 0.05, transformations will be used to stabilize the
variance. Comparison tests will take variance heterogeneity into consideration.

293. 303 002938



Covance 6325-223
IMT6957

_— ew
One-way analysisofvariance (ANOVA) will be used (if applicable) to analyze initial
‘body weights, palmitoy] CoA oxidase activities, and continuous clinical pathology
values. If the ANOVA is significant, Dunnett's t-test wil be used for contral versus
treated group comparisons.

One-way analysisofcovariance (ANCOVA) wil be used to analyze body weights,
‘with initial body weights as the covariate.Ifthe ANCOVAis significant, covariate-
adjustedmeanswil be used for control versus treated group comparisons.

Group comparisons (Groups 2 through 4 versus Group 1) wil be evaluated at the
5.0% two-tailed probability level. Only data collected on or after thefirstday of
treatment will be analyzed statistically.

Attheendof 1yearafterissuanceoftheauditeddraft report,ifnorequestedrevisionsor
instructions to finalize have been communicated by the Sponsor, then the audited draft
reportwillbeconsidered final’andissuedasthe final report, signedbythestudydirector,
and submitted to the Sponsor.

Any modificationsorchangestotheauditeddraftreportrequested 1yearafte issuance
will be performed at additional cost to the Sponsor.

Record Retention
All raw data, documentation, records, protocol, specimens, and finalreportgenerated as a
resultofthisstudy generatedby Covancewillbearchivedinthestoragefacilities of
Covancefor aperiod of 1 year following submissionofthe final reportto te Sponsor.
Oneyear after submissionofthe final report, allofthe aforementioned materials will be:
sentio the Sponsor, and areturn fee willbecharged. ‘The Sponsor may elect to have the
‘materialsretainedinthe Covancearchivesforanadditional periodoftime, andCovance
will charge a storage fee. Ifthe Sponsor chooses to have Covance dispose of the
‘materials, a disposal fee wil be charged. All raw data stored on magnetic media will be.
retained by Covance.

‘Within 1yearaftersubmissionofthefinalreport, all oftheaforementionedmaterialsfrom
the Sponsor's designees (Ani Lytics Inc., SME. T. & S, and Pathology Associates
International)willbe sentto the Sponsor (Andrew Seacat, PAD, 3M) by the Sponsor's
designees.
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26-Week Capsule ‘Toxicity Study with Perfluorooctane SulfonicAcid
Potassium Salt (PFOS; T-6295) in Cynomolgus Monkeys

‘Sponsor: 3M, St. Paul, Minnesota.
Study Monitor: ~~ Andrew M. Seacat, PhD
Testing Facility: ~ Covance Laboratories Inc., Madison, Wisconsin
Study Director: Peter J. ‘Thomford, PhDSudyDincior. Peer Thombod®d

“Thisamendmentmodifiesthefollowingportionsof theprotocol.

Effective August 20, 1998

1 Page4, Vehicle, Storage Conditions. ‘Toinclude thesolventusedtodissolvethetestmaterialbeforemixing withthelactose,addthe following after this section.

Solvent

IdentificationAcetone
Lot Numbers
The lotnumberswillbemaintainedintherawdata.

Purity
On file with the manufacturer

Stability
On file with the manufacturer

Storage Conditions
At room temperature

002941

306



Covance 6329-223
IM T-62957Protocol Ameadiment No. 1

2-_—  Pue2
Characteristics
Information on synthesis methods, composition, or other characteristics thatdefinethesolventisonfilewiththemanufacturer.

2 Page7, Group Designationsand Dosage Levels, Footnote a, Sentence1. Tocorrect an error, delete this sentence.

Effective September 2, 1998
3. Page, Gelatin Capsules, Sentence 1. Tochangethe sizeofthe gelatincapsules, delete this seatence andreplacewith the following.

Capsules (Size Nos. 2 or 4) obtained from Torpac, Inc. (Fairfield, New Jersey); lot‘umber willbesupplied bythemanufacturer.

Effective December 15, 1998
4. Pagel4, PostmortemProcedures, Cell Proliferation Evaluation,Paragraph3,Sentence2. Toinclude evaluation ofslides stained withhematoxylin and eosininthe PCNA evaluation, deletethis sentence and replace.with the following.

PCNA evaluation (including examinationofsides stainedwithhematoxylin andeosin) will be doneonthe samples.

Effective January 21, 1999
5. Page10, Clinical Pathology, Tests, Clinical Chemistry. To include anadditional clinical chemistry test, addthefollowing.

High deasity lipoprotein (HDL)

‘Effective January 21 and 28 and February 2, 1999
6. Page12, Urine and Feces PFOSLevelDetermination, Sample Shipping. Atthe requestofthe Sponsor to collect additional fecal samples (effectiveJanuary21, 1999)andtoclarifythesample collection requirements (effective.January 28 and February2, 1999),addthe following after this section.
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Additional Fecal Samples
‘DuringWeek23,a freshfecal sampleofaleast 5 g,ifpossible,wilbecollectedfrom 6malesand 6femaleseachinthecontrolandhigh-dosegroups,survivalpermitting. Thesampleswil becollected intheearlyafternoonafi pansarecleanedinthemorningtoensurethatthey are10morethan 6hours old. The‘samples will be collectedinwhitepolypropylene containersandsent ondryioeto:

Joe McConnell
Porphyrins and Nutritional Chemistry GroupMayo Clinic
200 First Street SW
Rochester, Minnesota 55905
Telephone: 507.284.2150
LabTelephone: 507.284.3232

Dr.McConnellwillbecontactedbeforeshippiag the samples.
‘Effective January 21and February 12 and 16, 1999

7. Page, Clinical Pathology, Frequency, Scheduled Collections. To reflect thedecisionofthe Sponsor and the StudyDirectorto add a collectionintervalafter150 daysoftreatment (effectiveJanuary21, 1999), to extendthelengthofrecovery (effective February 12, 1999), andtoclarifythe collection requirement(effectiveFebruary 12, 1999),deletethetextinthissection and replace withthefollowing.

Once beforeinitiation oftreatment;andafter atleast30, 60, 90, 150,aad 180daysoftreatment(before thedaily dose);and after atleast30, 60, 90, 135,and180 days of recovery

Effective February10and 16, 1999
8 Page12, Urine and Feces PFOSLevelDetermination, MethodofCollection.‘To modifythe amount of sample to be collected (effective February 10, 1999) andtopermitcollectionofsamples from fasted animals onthefirstday ofrecovery(effectiveFebruary 16, 1999), deletethetext in thissectionandreplace withthefollowing.

‘Animalswillnotbefasted (exceptforthefirst day ofrecovery);urine (atleast2mL)and feces (atleast5 g)willbecollected overnight.
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Effective February 12, 1999

9. Page 7, Group Designations andDosageLevels, Footnote d. To reflect thedecisionofthe Sponsor and the Study Directorto extendthelengthofrecovery,deletethetextinthisfootnote and replace withthe following.
d Two animalsinGroups 1, 3, and 4 designatedasrecoveryanimalswilbe.treatedforatleast 26 weeks, thentreatment willbediscontinued,andthe‘animalswillbeobservedforreversibility,persistence,or delayedoccurrence oftoxiceffectsforatleast 26weeks posttreatment.

Effective February 12and 15, 1999

10. Page 11, SerumPFOSLevelDetermination,Frequency.Toreflectthedecisionofthe Sponsor and the Study Director to extend the lengthofrecovery(effective February 12, 1999) and to revise the requirements for these collectionsduringrecovery(effectiveFebruary15, 1999),deletethetextinthissectionandreplacewiththefollowing.

‘Before initiation of treatment; during Weeks 1 (Day 7), 2,4, 6, 8, 12, 16, 20, 24,
26, and 27 (Day 183) during treatment; and during Weeks 27 (Days 184, 185, and
187), 28 (Day 190), 29 (Day 197), 30 (Day 204), 31 (Day211), 35, 39, 43, 47,51,a0d53.

11. Page 13, Termination, Scheduled Sacrifices. To reflect the decisionofthe
‘Sponsor and the Study Director to extendthelengthofrecovery (effectiveFebruary 12, 1999) and to prioritize the numberofanimalsdesignated for recovery(effective February 15, 1999), delete thetext in thissection and replace withthe.following.

Afteratleast 26weeksoftreatment, up tofouranimals/sex/groupwillbefasted
overnight, then anesthetizedwithketamine and xylazine, weighed, exsanguinated,
and necropsied.

Afteratleast 26weeksoftreatmentandatleast26weekswithout treatment,two animaly/sex/group willbe fasted overnight, then anesthetizedwith ketamine.
andxylazine, weighed, exsanguinated,andnecropsied.
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Effective February 12 and 16, 1999

12. Page 10, Blood Hormone Determination, Frequency. Toreflectthe decisionofthe Sponsor and the Study Director to extend the lengthof recovery (effectiveFebruary 12, 1999) and to clarify the requirements (effective February 16, 1999),deletethetextinthissection and replace withthefolowing.
‘Three times before initiationoftreatment;aferatleast 30,60,90, and180days oftreatment;andaferatleast30, 60, 90, 135, and 180 daysofrecovery

13. Page 12, Urine and Feces PFOS Level Determination, Frequency. To reflect
thedecisionofthe Sponsorandthe StudyDirectortoextendthelengthofrecovery(effectiveFebruary 12, 1999) and toclarifythe requirements (effectiveFebruary 16,1999),deletethetextinthissectionandreplace withthe following.

Onthe firstdayofrecovery and afteratleast 6,30,90,135,and 180 daysofrecovery

Effective February 15, 17, and 18, 1999

14. Page 13,PostmortemProcedures. Tofacilitate arequestbythe Sponsorto
transfersamples of lung tissue (effective February 15 and 18, 1999) and
gallbladder and bile (effective February 17, 1999), addthe following.
‘Additional Lung Tissue Samples
At theterminalnecropsy, a sampleoflung (approximately5g) will be collected
fromananimalinthe high-dose group. This samplewillbeweighed, flash-frozeninliquid nitrogen,andstoredinafreezer,settomaintain -60to -80°C, until
shipped. This frozen sample and a sample oflung (approximately 1g, stored informalin) from Animal No. 105509 (Group 4 male, died January 27, 1999) will beseat separately under appropriate conditions (ambient or packed on dry ice) to:

Kris J. Hansen, PhD
3ME.T.&S.
Bldg. 2-3E-09
935 Bush Avenue
St. Paul, Minnesota 55106
Telephone: 651.778.6018
Facsimile: 651.778.6176
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KrisJ. Hansenorheralternate willbenotifiedregardingtheshipmentofthe
samples.

Additional Gallbladder and Bile Samples
Attheschedulednecropsies,thegallbladderandbilewillbecollectedandstored
accordingto aspecial collectionandfixationprocedure. Frozen gallbladderand

bile sampleswillbepacked ondryice and transferred to:

Kris J. Hansen, PhD
3ME.T.&S
Bldg. 2-36-09
935 Bush Avenue
St. Paul, Minnesota 55106
Telephone: 651.778.6018
Facsimile: 651.778.6176

Kris J.Hansenorheralternatewillbenotifiedregardingtheshipmentofthe
samples.

Effective February 24 and March 9, 1999

15. Page 13, Postmortem Procedures. To facilitate arequest bythe Sponsor to
prepare (effective February 24, 1999) and transfer (effective March 9, 1999)
‘samples of liver for electron microscopy and to prepare and transfer hematoxylin
and eosin-stained slides for light microscopy (effective March 9, 1999), add the.
following.

Electron Microscopy
At the terminal necropsy, samplesofliver will be collected and processed to block
stage for electron microscopic evaluation. The tissueblocks and a hematoxylin
andeosin-stained slide for light microscopy will be transferred to:

Sharon Ambrose
Division Director
‘Pathology Associates International
4915 D. Prospectus Drive.
Durham, North Carolina 27713
‘Telephone: 919.544.5257
Facsimile: 919.544.3218
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‘Tissueswillbeprocessedandevaluatedby electron microscopybyPathologyAssociates Intemational (PAI). Areport willbeprovidedby PAIforinclusioninthe finalreport. PALisresponsiblefor the qualityassurance auditingand‘maintenanceofany raw data or specimens produced by PAL
SharonAmbroseorheralternatewilbe notifiedregarding theshipmentofthe‘samples.

Effective April 22,1999
16. Page 16, Reports, Statistical Evaluation, Paragraph 2, Sentence1. To addstatisticalanalysisoforganweightandhormone values,deletethisseatenceand.replace with the following.

‘One-way analysisofvariance (ANOVA) willbeused (i applicable) to analyze:initial body weights, palmitoy! CoA oxidase activites, continuous clinical‘pathology values, hormone values, and organweight data.

Effective April 26, 1999
17. Page 14, Postmortem Procedures, Cell Proliferation Evaluation,Paragraph 1. To add a second setoftissuesfor cellproliferation evaluation, addthe following to this paragraph.

A second set of tissues (representative samples of the lef lateral Iobeofthe liver,leftandrighttestes,andpancreas)preservedinformalinwithout zincwillalsobe
prepared.

Effective April 28, 1999
18. Pages, Dose Analyses, Stability, Sentence 2. To change the scheduleforthereturnofthe samples,deletethissentenceandreplacewiththefollowing.

One setof samples (approximately 1 g each)willbe takenfromthelow- andhigh-dose test materiallactose preparationsatthe endofthe treatment phase andwll be analyzedfortestmaterialconteat.
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Effective May 6, 1999
19. Page 16, Reports, LetterReport. To changetheleterreport toaninterimreport, deletethetextinthissectionandreplacewiththefollowing.

Interim Report
An interimreport,includingal temsfromthe finalreportasappropriate,wilbe:prepared following the terminal sacrifice.

Effective May 17, 1999
20. Page 16, Postmortem Procedures, Histopathology, Sentence 2. To includetarget organs for animals in the Iow- and mid-dose groups, delete this sentence sndreplace with the following.

Inaddition, iverandthymusforallanimalsjnthelow-andmid-dosegroupsandspinalcordgraymatterfromfemalesintheJow-andmid-dosegroupswillbe‘embeddedinparaffin, sectioned,stainedwithhematoxylinandeosin, andexamined‘microscopically. Other tissues, as appropriate, will be retained for possible futureexamination.

Effective May 18, 1999
21. Page3, Proposed Study Timetable. To include proposed dates for in-lifetermination, the unaudited draft interim report, and the audited draft report, delete.thetextin thissectionandreplace withthefollowing.

Experimental Start Date: August 26, 1998
Incife Start Date: August 26, 1998
In-life Termination Date: August 27, 1999Unaudited DraftInterimReport Date: May 11, 1999Audited Draft Report Date: December 28, 1999Experimental Termination Date: To be determined
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26-Week Capsule Toxicity Study with Perfluorooctane SulfonicAcid
Potassium Salt (PFOS; T-6295) in Cynomolgus Monkeys

Sponsor: 3M, St. Paul, Minnesota
Study Monitor: ~~ Andrew M. Seacat, PhD
‘Testing Facility: Covance Laboratories Inc., Madison, Wisconsin
Study Director: Peter J. Thomford, PhD

‘This amendment modifies the following portions of the protocol.

Effective February 19, 1999

L Page 9, ObservationofAnimals, Clinical Observations, Paragraph 2,
Sentence 2. To addan observation ontheday ofscheduled sacrifice, delete this
sentence and replace with the following.

Once weekly and on the dayofscheduled sacrifice, each animal will beobserved;
‘abnormalfindingsor an indication that the animal is normal will be recorded.

Effective June 11, 1999

2 Page 11, Blood Hormone Determination, Tests. To add free
triiodothyronine (T3) and free thyroxin (T4) tests, delete the textinthis sectionandreplace with the following.

Samples willbeanalyzed by Ani Lytics Inc. for cortisol, testosterone,estradiol,
‘estrone, estriol, thyroid stimulating hormone, total and free triiodothyronine (T3),
and total and free thyroxin (T4).
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3. Page 16, Reports, Final Report, Statistical Evaluation. To add repeatedmeasure statistical analysisofcholesterol and total and free triiodothyronine (T3),add the following to the end of the section.

Cholesterolandtotaland free triiodothyronine (T3) will be analyzed by repeatedmeasures analysisofcovariance (ANCOVA) procedure with average pretreatmentmeasurements forthe parametersas covariates. Treatment effects under ANOVA.or ANCOVA procedures will be evaluated at p= 0.05 level. All post-hoccontrol-versus-treated-group mean comparisons (including values duringrecovery) will be conducted using Dunnett's many-on-one t procedure.
Analyses will be carried out with SAS procedure PROCMIXED or BMDP, orboth.

Effective August 24, 1999
4. Page, Group Designations and Dosage Levels, Footnote d. To reflect thedecisionofthe Sponsor and the Study Director to extend the lengthofrecovery,delete the text in thisfootnote and replace with the following.

d Twoanimals in Groups 1, 3, and 4 designated as recovery animals will betreated for at least 26 weeks, then treatment will be discontinued, and theanimals will be observed for reversibility, persistence, or delayed occurrence:of toxic effectsforat least 52 weeks postireatment.
5. Pages, Clinical Pathology, Frequency, Scheduled Collections.Toreflect thedecisionofthe Sponsor and the Study Director to extend the lengthof recovery,delete the text in this section and replace with the following.

‘Once before initiationoftreatment; after at least 30, 60, 90, 150, and 180 days oftreatment (before the daily dose); and after at least 30, 60, 90, 135, 180, 274, and
365 daysofrecovery

6. Page 10, Blood Hormone Determination, Frequency. To reflect the decision ofthe Sponsor and the Study Directorto extend the lengthof recovery,delete thetextin this section and replace with the following.

‘Three times before initiationoftreatment;aferat least 30, 60, 90, and 180 daysof treatment; and after at least 30, 60, 90, 135, 180, 274, and 365 daysofrecovery
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7. Page 11, Serum PFOS Level Determination, Frequency. To reflect thedecisionofthe Sponsorand the Study Director toextendthe lengthofrecovery,delete the text in this section and replace with the following.
Before initiationoftreatment; during Weeks 1 (Day 7), 2, 4, 6,8, 12, 16, 20, 24,26, and 27 (Day 183) during treatment; and duringWeeks27 (Days 184, 185, and187), 28 (Day 190), 29 (Day 197), 30 (Day 204), 31 (Day 211), 35,39, 43, 47, 51,53,57, 61,65, 69,73, 77, and 79

Effective August 24, 1999, and January 12 and21,2000
8. Page 13, Termination, Scheduled Sacrifices. To reflect the decisionoftheSponsor and the Study Director to extend the lengthofrecovery (effective.August 24, 1999), to reflect the decisionofthe Sponsor to cancel the recoverynecropsy (effective January 12, 2000), and to subsequently clarify the requirement(effective January 21, 2000),deletethe text in thissection and replace with thefollowing.

After at least 26 weeksoftreatment,upto four animals/sex/group wil be fastedovernight, then anesthetized with ketamine and xylazine, weighed, exsanguinated,and necropsied.

After at least 26 weeksoftreatment and at least 52 weeks without treatment, theremaining animals will be removed from the study as follows.

‘Two animals/sex in Group 1 will be returned to the Covance stock.

Two animaly/sex in Group 3 wilbetransferred to a subsequent study
(Covance 6329-268).

‘Two animals/sex in Group 4 will be fasted overnight, then anesthetized with
ketamine and xylazine, weighed, exsanguinated, and necropsied.

Effective August 24 andSeptember22, 1999

9. Page 12, Additional Fecal Samples. At the request of the Sponsorto collectliver samples by biopsy (effective August 24, 1999) and to modify the procedures(effective September 22, 1999), add the followingafte this section.
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Interim Liver Biopsy Samples
A sampleofliver (approximately 1 to 2 g) willbecollected by biopsy fromanimals in Group 4 only during recovery (Week 57, within 1 day ofthe serumPFOS blood collection). This sample willbedivided into four portions asfollows.

‘One subsample will be preserved in 10% neutral-buffered formalin, embedded inparaffin, sectioned, stained with hematoxylin and eosin (duplicate slides will beprepared), and examined microscopically.
‘The second subsample will be flash-frozen in liquid nitrogen,andstored inafreezer, set to maintain -60 to -80°C, until shipped for analysis to:

Kis J. Hansen, PAD
3ME.T.&S.
Bldg. 2-3E-09
935 Bush Avenue
St. Paul, Minnesota 55106
Telephone No.: 651.778.6018
Facsimile No.: 651.778.6176

Kris J. Hansenorheralternate wil be notified regardingtheshipmentofthesamples. Results wil be provided for inclusion in the final report.
‘The third subsample will be processed to block stage for electron microscopicevaluation. The tissue blocks and a hematoxylin and cosin-stained slide for lightmicroscopy will be transferred to:

Sharon Ambrose:
Division Director
Pathology Associates Intemational
4915 D. Prospectus Drive
Durham, North Carolina 27713
Telephone No.: 919.544.5257
Facsimile No.: 919.544.3218

Tissues will be processed and evaluated by electron microscopy by PathologyAssociates Intemational (PAY). A report will be provided by PAI for inclusion inthe final report. Sharon Ambrose or her alternate will be notified regarding theshipmentofthe samples.
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‘The fourth subsample will be flash-frozen in liquid nitrogen and storedin afreezer,setto maintain -60 to -80°C,andtransferred to the Sponsor for possiblefuture analysis.

Effective January 12 and 21,2000
10. Page 12, Interim Liver Biopsy Samples. At the requestofthe Sponsor to collectliver samples by biopsy,thenterminate the study and transfertheanimals to asubsequent study (effective January 12, 2000) and to modify the requirement(effective January 21, 2000), add the following aftr this section.

Terminal Liver Biopsy Samples
Asampleofliver (approximately 1 g) will be collectedbybiopsyfromall animalsin Groups 3 during recovery (Week 79, within 1 dayofthe serum PFOS bloodcollection).Thissample wil be flash-frozen in liquid nitrogen and stored inafreezer, set to maintain -60 to -80°C, until shipped for analysis to:

Kris J. Hansen, PhD
3ME.T.&S.
Bldg. 23E-09
935 Bush Avenue
St. Paul, Minnesota 55106
Telephone No.: 651.778.6018
Facsimile No.: 651.778.6176

Kris J. Hansen or her alternate wil be notified regarding the shipmentofthesamples. Results wil be provided for inclusionin the final report.

Effective January 21, 2000
11. Page 12, Additional Serum Collection. To reflect thedecisionof the Sponsor toanalyze additional serum samples for specified thyroid hormones, add following,to the endofthis section.

An aliquot (0.8 m)ofthe additional serum collection samples collected from allanimals from Groups 1, 2, 3 and 4 sacrificedatthe terminal necropsy will be senton dry ice by the Sponsor to Dr. Saroj Das, Ani Lytis,forfree T3, free T4,total T3, and total T4 determinations.
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12. Page 12, Urine and Feces PFOS Level Determination, Frequency. To reflectthe decisionofthe Sponsor to collect a24-hour urine and fecal sampleafteroneYear of recovery, delete the text n this sectionandreplace with the following.
On the first dayof recoveryandafterat least 6, 30, 90, 135, and 180days ofrecovery. In addition, a 24-hour sample ofurine and feces will be collected
before the completion of 52 weeksof recovery.

13. Page 16, Postmortem Procedures, Histopathology. To define the postmortem
procedures forrecoveryanimals in the high-dose group, add the following afierthis section.

Postmortem ProceduresforRecovery Animals in the High-Dose GroupAt necropsyofthe recovery animals in the high-dose group, procedures
(including organ weights and collection of tissues for histopathological
examination) described previously are not required. The following procedureswill be done.

Necropsy
The necropsy will include examination of:

all orifices
cranial cavity
external surfaceofthe brain; the external surface of the spinal cord and cutsurfacesofthe brain and spinal cord willbe examined when tissue trimming

is performed
cervical tissues and organs
thoracic, abdominal,and pelvic cavities and viscera
‘extemal surfaceof the body
nasal cavity and paranasal sinuses

Liver Samples
A sampleofliver (approximately 110 2 g) will be collected. This sample will bedivided into three portions as follows.

One subsample will be preserved in 10% neutral-buffered formalin, embedded inparaffin, sectioned, stained with hematoxylin and eosin (duplicate slides will be
prepared), and examined microscopically.

‘The second subsample will be flash-frozen in liquid nitrogenandstored in a
freezer, set to maintain -60 to -80°C, until shipped for analysis to:

320 002955
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Kris J. Hansen, PhD
IME T.&S.
Bldg. 2-36-09
935 Bush Avenue
St. Paul, Minnesota 55106
‘Telephone No.: 651.778.6018
Facsimile No.: 651.778.6176

Kris J. Hansen or her alternate will be notified regarding the shipment ofthesamples. Results will be provided for inclusion in the final report,
‘The third subsample will be processed to block stage for electron microscopic:evaluation. The tissue blocks and a hematoxylinand eosin-stained slide for light‘microscopy wil be transferred to:

Sharon Ambrose:
Division Director
Pathology Associates International
4915 D. Prospectus Drive.
Durham, North Carolina 27713
Telephone No.: 919.544.5257
Facsimile No.: 919.544.3218

Tissues will be processed and evaluated by electron microscopy by PathologyAssociates International (PAI). A report will be provided by PAI for inclusion inthe final report. Sharon Ambrose or her alternate will be notified regarding theshipmentofthe samples.

Additional Tissue and Serum Samples
Samplesoflung, kidney, spleen, thyroid, brain, abdominal fat, heart, bile,(approximately 3 g each), and serum (as much as possible) will be collected.‘These samples will be flash-frozen in liquid nitrogen and stored in a freezer,set to‘maintain -60 to -80°C, until shipped for possible future analysis to:

Kris J. Hansen, PhD
3ME T.&S.
Bldg. 2-3E-09
935 Bush Avenue
St. Paul, Minnesota 55106
Telephone No.: 651.778.6018
Facsimile No.: 651.778.6176

321 002956
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KrisJ. Hansenorheralterate willbenotifiedregardingthe shipmentof thesamples.

Effective February 11 and 15,2000

14. Page 3, Proposed Study Timetable. To change proposed dates for in-life
termination (effective February 11,2000) andthe auditeddraftreport (effective
February 15, 2000), delete thetextin thissectionand replace with the following.

Experimental Start Date: August 26, 1998
In-life Start Date: August 26, 1998
In-life Termination Date: March 7, 2000

UnauditedDraft Interim ReportDate:May11, 1999
Audited Draft Report Date: May 29, 2000
Experimental Termination Date: To be determined

AMENDMENTAPPROVAL

Cone TN. Saneat~ 3 [30/2000
Andrew M. Seacat, PhD Date
Study Monitor
3M

1 ford; Date
Study r

Covance Laboratories Inc.
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26-Week Capsule Toxicity Study with Perfluorooctane Sulfonic Acid
Potassium Salt (PFOS; T-6295) in Cynomolgus Monkeys

‘Sponsor: 3M, St. Paul, Minnesota
Study Monitor: ~~ Andrew M. Seacat, PhD
“Testing Facility: Covance Laboratories Inc., Madison, Wisconsin
Study Director: _ Peter J. Thomford, PhD

“This amendment modifies the following portions of theprotocol.

Effective August 20, 1998

1. Page 16, Reports,FinalReport, Statistical Evaluation, Paragraph 4. To
correct an omission, add the followingtothe endofthe section.

Data collected during recovery will not be analyzed statistically due to the small
sample size.

Effective January 21, 2000

2. Protocol Amendment No. 2, Item 13. To correct a typographical error, changethe font to bold on the following heading.

Postmortem Procedures for Recovery Animals in the High-Dose Group

Effective February 18, 2000

3. Page 12, Serum PFOS Level Determinations, Sample Shipping, Paragraph 3,
Sentence 3. To indicate that the resultsofthe Sponsor's analysis of serumsamplesforPFOS will be reported separately, delete this sentence and replace
‘with the following.

Results will be reported separately.

2 323 0022958



Covance 6329223
3MT62957

Protocol Ameadment No.3
Page_— ewe?

4. Page 12, Interim Liver Biopsy Samples, Paragraph 3, Sentence 2. To indicate
that the resultsof the Sponsor's analysis of the interim liver biopsy samples willbe reported separately, delete this sentence and replace with the following.

Results will be reported separately.

5. Page 12, Terminal Liver Biopsy Samples, Paragraph 2, Sentence 2. To
indicate that the resultsofthe Sponsor's analysis of the terminal liver biopsy
samples will be reported separately, delete this sentence and replace with the.
following.

Results will be reported separately.

6. Page 15, Postmortem Procedures, LiverPFOS Determinations, Sentence 2.
‘To indicate that the results of the Sponsor's analysisofthe liver samples will be
reported separately, delete this sentence and replace with the following.

Results will be reported separately.

7. Page 16, Reports, Final Report, Statistical Evaluation, Paragraph 4. To
remove repeated measure statistical analysisofcholesterol and total and free
triiodothyronine (T3) at the request of the Sponsor, delete the following.

Cholesterol and total and free triiodothyronine (T3) will be analyzed by repeated
‘measures analysisofcovariance (ANCOVA) procedure with average pretreatment
measurements for the parameters as covariates. Treatment effects under ANOVA
or ANCOVA procedures will be evaluated at p= 0.05 level. All post-hoc
‘control-versus-treated-group mean comparisons (including values during.
recovery) will be conducted using Dunnett's many-on-one t procedure.

Analyses will be carried out with SAS procedure PROCMIXEDor BMDP, or
both.

Effective February 18 and 22, 2000

8. Page 16, Reports, Final Report, Results. To indicate that the resultsofthe
‘Sponsor's analysis of the serum and liver samples (effective February 18, 2000)
‘and urine and feces samples (effective February 22, 2000) will be reported
separately, delete the following

serum, urine, feces, and liver PFOS levels (provided by 3M)

002959
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9. Page16, Postmortem Procedures for Recovery Animals in the High-DoseGroup, Liver Samples. To indicate thatthe results of the Sponsor's analysis ofthe liver samples will be reported separately (effective February 18, 2000) and tomodify the amount of liver collected at necropsy (effective February 22, 2000),delete the text in this section and replace with the following.
‘Samples of liver will be collected as follows.
One sample wil be preserved in 10% neutral-buffered formalin, embedded inparaffin, sectioned, stained with hematoxylin and cosin (duplicate slides will beprepared), and examined microscopically,
‘The second sample will be flash-frozen in liquid nitrogen and stored in a freezer,set to maintain -60 to -80°C, until shipped for analysis to:

Kris J. Hansen, PhD
3ME.T.&S.
Bldg. 2-38-09
935 Bush Avenue
St. Paul, Minnesota 55106
Telephone No.: 651.778.6018
Facsimile No.: 651.778.6176

Kris 1. Hansenorher altemnate will be notified regarding the shipmentofthesamples. Results will be reported separately.
‘The third sample wil be processed to block stage for electron microscopicevaluation. The tissue blocks and ahematoxylin and cosin-stained slide for lightmicroscopy will be transferred to:

Sharon Ambrose:
Division Director
Pathology Associates Intemational
4915 D. Prospectus Drive
Durham, North Carolina 27713
Telephone No.: 919.544.5257
Facsimile No.: 919.544.3218

Tissues will be processed and evaluated by electron microscopy by PathologyAssociates International (PAD). Areport will be provided by PAI for inclusion inthe final report. Sharon Ambrose or her alternate willbenotified regarding theshipmentofthe samples.
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Effective February 22, 2000
10. Page 13, Urine and Feces PFOS Determination, Sample Shipping,Paragraph 2, Sentence 3. To indicate that the result ofthe Sponsor's analysisofthe urine and feces samples will be reported separately, delete this sentence andreplace with the following.

Results will be reported separately.

11. Page 16, Postmortem Procedures for Recovery Animalsin the High-DoseGroup, Additional Tissue and Serum Samples, Paragraph 1. To modify the‘amount of tissue collected at necropsy, delete this paragraph and replace with thefollowing.

Samples of lung, kidney, spleen, thyroid, brain, abdominal fat, heart,(approximately 3 g each,ifpossible), and bile and serum (each as much aspossible) will be collected. These samples will be flash-frozen in liquid nitrogenand stored in a freezer, set to maintain -60 to -80°C, until shipped for possible.future analysis to:

Kris J. Hansen, PhD
3ME.T.&S.
Bldg. 2-38-09
935 Bush Avenue
St. Paul, Minnesota 55106
Telephone No.: 651.778.6018
Facsimile No.: 651.778.6176

KrisJ. Hansen or her alternate will be notified regarding the shipment ofthe samples.
Effective April 6, 2000

12. Page3, Regulatory Compliance. To include a compliance exceptionfor thefecal analysis done at the Mayo Clinic,deletethe text in this sectionandreplace‘with the following.

‘This study will be conducted in compliance with the Environmental ProtectionAgency Good Laboratory Practice Regulations s set forth in Title 40oftheUS CodeofFederal Regulations, Part 792, issued November 29, 1983 (effectiveDecember 29, 1983), and with any applicable amendments with the followingexception. Analysis of fecal samples for urobilinogen atthe Mayo Clinic will notbe done in compliance with GLPs.
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13. Page3, Quality Assurance. To includeanexception for the fecal analysis doneat the Mayo Clinic, add the following to the end of the section.

Analysis of fecal samples for urobilinogenat the Mayo Clinic will not be done in‘compliance with GLPs and will not be audited by a Quality Assurance Unit.
14. Page 12, Additional Fecal Samples. To clarify analysis and reportingrequirements for fecal analysis, add the following to the endofthis section.

‘The samples will be analyzed for urobilinogen using a routine standardizedcolormetric assay. The resultsofthese analyses will be provided for inclusion in
the final report.

15. Page 17, Record Retention, Paragraph 2. Toinclude the record retentionrequirements for fecal analysis, delete this paragraph and replace with the
following.

‘Within 1 year after submission of the final report, allofthe aforementionedmaterialsfromthe Sponsor's designees (Ani Lytics Inc., 3M E. T. & S, Mayo
Clinic, and Pathology Associates International) will be sentto the Sponsor
(Andrew Seacat, PhD, 3M) by the Sponsor's designees.

Effective April 7, 2000

16. Page2,Purpose. To modify the purposeofthe study, delete the text in this.
section and replace with the following.

‘To assessthe effect of the test materialoncritical enzyme levels, hormones, and.
other selected biochemical parameters when administered daily by capsule to
cynomolgus monkeysforatleast 26 weeks. The treatment period will be
followed by an approximate 52-week recovery period.

002952
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AMENDMENTAPPROVAL

AndrewM.Seacat,PRD DaeStudy Monitor
3M

PeterJ.Thomford,PRD DaeStudy Director
Covance Laboratories Inc.
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APPENDIX 2

Individual Animal Fate Data
Individual Clinical Observations

Individual Ophthalmic Observations
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APPENDIX 3

Individual Body Weight Data (kg)

003124
489



osesun om

g wd
gg8
a 0



|

S mT8a8
8
* wo



ink ey seincs th)

988g
®3 =



" het)
riogs 1

888§& Fa



ationso goes 00

. i : ®oonon 8
888
8@

a0



a

°Ssa8
o
° a5



[——

°
88
8 os



tvial 200 wigs saa th

°8a8
©8

a



TR

gg88H
-



} inSs ou

88252 o



8
8
a sw



gg
§ ”



He Anemicas+1338 CovANCE

evnose
“4 01423500888
asia
Sassen
austaau“ar2semm 2000
ema

Vit heCovanceebsite

couance asonsronies
Mass us
568341 145 5227)
Vers A Usk
sen 541x8S 221)
arc, UC
ort 4s 1422 scons

© Miner Garry
ort 4329 783001

THE DEVELOPMENT SERVICES coupaNY
Shaping Solutions


