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DRAFT PATHOLOGY REPORT

(ANCILLARY STUDY)

ELECTRON MICROSCOPIC EVALUATION

OF LIVER IN CYNOMOLGUS MONKEYS
(RECOVERY ANIMALS)

26-WEEK CAPSULE TOXICITY STUDY WITH PERFLUOROOCTANE
SULFONIC ACID POTASSIUM SALT (PFOS;T-6295) IN CYNOMOLGUS

MONKEYS

CLIENT STUDY NUM13ER 6329-223
PAI STUDY NLNI]BER EM 99.76

SUMMMARY

Two male and two femalecvnomolaus monkevs treatedfor26 weeks with0.75 m-Lylk.-
PFOS were removed from treatmentforup to 53 weeks. Liversamples obtainedby
biopsyatWeek 57 and necropsyatWeek 79 were examined forreversibility,persistence.
or delavedoccurrenceof toxiceffects.Li(yhtand electronmicroscopicevaluationof
liversidentifiedno patholo-icalchan(2es.The treatment-relatedchan-esof hepatocellular
hypertrophvand -@.'acuolation,noted at26 weeks and characterizedultrastructurallyby
increasednumbers of lipiddropletswithinhepatocytes,had completeIN,disappeared

durin2therecoveryperiod.

PROCEDURES

The objectiveofthisstudywas toexamine by electronmicroscopytheliversfrom
selectedanimalsina 26-week capsuletoxicitystudvwithPFOS incynomolgus monkeys.
Inadditiontoa Lyeneralqualitativeevaluationfordifferencesbetween controland treated
animals,theultrastructuralendpointsincludedquantitationofperoxisomes within
hepatocvtesand membrane and mitochondrialchan2es inhepatocytes.Lightmicroscopy
of paraffin-embeddedliversectionswas alsoperformed.

This reportdetailsthelightand electronmicroscopy findingsinthefourhl-,h-dosemale
and femalemonkevs desianatedasrecoveryanimals.A previousreport(dated6-24-
1999)indicatedthattreatmentof cynomol(yusmonkeys with0.75mg PFOS/kg/day for26t@ zn
weeks resultedinhepatocellularvacuolationand hvpertrophvbv lichtmicroscopy.
Hepatocellularvacuolationand hvpertrophvwere primarilvcentrilobularindistribution
and didvary inincidenceand severitybetween individualanimals.Ultrastructurally,
therewere increasedlipiddropletswithinhepatocytes.Increasedlipiddropletswere
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presentinboththehi-Lyh-dosemalesexaminedandintwo offourhigh-dosefemales
@inc,two high-doseexamined.increasedhepatocellularglycogenwas presentn theremain ,

females.Theseultrastructuralchangescorrelatedwithhepatocellularhypertrophvand
vacuolationnotedbv li2htmicroscopyand withincreasedliverweightparametersinthe
hi-h-doseanimals.The no-effectlevelforhepatocellularvacuolation(lipiddroplet

accumulation)was 0.15mg/kg/dayofPFOS (m-id-dosecroup).Quantitationof
peroxisomeswithinhepatocytesby electronmicroscopyindicatedno remarkable

differencesbetweencontrolliversand liverstreatedwith0.03,0.15,or0.75mcy
PFOS/kcy/dav.Ultrastructuraldifferencesincellularmembranes orniitochondriawere

notdiscerniblebetweencontroland treatedanimalsinthesamplesexamined.The
recoveryanimalswereexaminedtoassessforreversibilityorpersistenceofthese

hepatocellularchanges,orforthedelayedoccurrenceofadditionalPFOS-inducedeffects.

r*ortiietoxicity@,Ludv,'-"-In-ialeand femalecviioinolcusiiiorikeyswereolventhetest

articleorthevehicleoncedailyforatleast26 weeks accordinc,toTextTable1.c

TextTable1.GroupDesicnationsandDosa-eLevelsC7 c

DosaL,e Dose Level TotalMaterialDose

GroaL (me/k-c-,/da@,)' Level(m-FJkg/dav)b Number of Males Number of Females
ol 30' 60 6'

0.03 15b 4 4

111 0.15 6c 6 d 6 d

IN, O@7@; 30@ 6 d 6d

Dose levelswerepro@.ided.The control2roup(Group I)receivedan equivalentamount of lactosein
eelatincapsulesas thetotalmaterialadministeredtoGroup 4.
The low-doseLrouptGroup 2)receivedthetestmaterialdilutedwithlactose(1:499,w:w).
The mid-dose(Group 1)and hi2h-dose(Group4)s!roupsreceivedthetestmaterialdilutedwithlactose
(1:39,w:",).
Two animalsinGroup,,1.3.and 4.desi2natedas reco%,er,,,animals.were treatedforatleast26 weeks,
thentreatmentwas discontinuedand theanimals were observedforreversibility,persistence,or delayed
occurrenceoftoxiceffectsforatleast52 weeks posttreatment.

During Week- 57 (approximately 31 weeks into the recovery period), the 2 high-dose

recovery males and 2 hilyh-doserecovery females were anesthetized and liverbiopsies

were- suraicallv,obtained from each animal and chemicativ preserved and processed as

described belo"-.

DurinLy Week- 79. the 4 hl!zh-doserecovery animals were necropsied and liversamples
obtained as described beloa-. The two control recovery animals were returned to the

Covance stock animal colony, and the two Group M animals were transferred to a
subsequent study (Covance 6329-268). Liver swnples were not obtained and examined 'in

the control recovery or Group E[Irecovery animals.

Animals to be sacrificedat recovery sacrificetimes were anesthetized with ketamine and

xviazine, weilyhed. exsan-uinated, and necropsied. Multiple tissueswere collected and
preserved in lOc7cneutral-buffered formalin according to the protocol. Additionally,
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pieces of liverfrom each animal were thin-slicedand placed in 1/2strengthKamovsky's

fixative(2.0% paraformaldehyde/2.5% clutaraidehvdein0.1M phosphate buffer)for

subsequent ultrastructuralexamination. These liverswere processed intoEpon blocks

and submitted tothislaboratoryforsubsequent electronmicroscopy processing and

evaluation.Hematoxylin and eosin (H&E)-stained slidesectionsof formalin-fixed,

paraffin-embedded liverswere submittedfor lichtmicroscopic examination.c

The four hi-h-dose recovery animals are listedinText Table 2. For each animal, there
c

was a 57-Week liverbiopsy sample and a 79-Week terminalnecropsy liversample,

Text Table 2. Recovery Animals Examined by Light and ElectronMicroscopy

0.75me-,Ika-/davPFO (Group 4 Hiah-Dose)

Males Females

105511 105533

105522 105542

Thin sections(approximately 90 nm) from the Epon-embedded liverswere cut,mounted

on 200-mesh copper zrids.stainedwith 5% methanolic uranyl acetateand Reynold's lead

citrate,and examined on a Zeiss 900 transmissionelectronnucroscope. Centrilobular

hepatocytes,where clearlyidentifiablein liversections,were preferentiallyexamined.

Representative electronphotomicrographs of liverwere taken and significant

ultrastructuralfeatureswere summarized for each photograph and animal on a designated

transmission electronrrlicrozraphinterpretationform. The number of peroxisomes in

hepatocvtes was manually counted foreach centerphotographed hepatocyte and recorded.

For licyhtmicroscop@',the H&E slidesfrom the same animals selectedfor electron

microscopy \x,,eree-,.-aluatedand significantfeatureswere summarized on a light

n-Licroscopice-v,aluationform.

RESULTS AND DISCUSSION

Individual interpretationsof llcyhtmicroscopy slidesand electron micrographs for each

animal are shown in Section 11.Representative electronphoto micro (Yraphswere selectedc

as reportfi2ures,labeled,and are shown in Section M. All remaining electron

n-licro2raphsare separatelyattached to thisreport.

Li2ht Nticroscop-.,

A summary of the incidence and severityof IILhtmicroscopic findin2s in the control and

hllyh-doseliversisshown inText Table 3. There were no microscopic findingsthat

appeared to be associatedwith testmaterialadministration.Hepatocellular hypertrophy

and vacuolation,noted after26 weeks of treatment insome high-dose animals, were not

identifiedin recovery samples ateitherthe 57-Week biopsy or 79-Week terminal

necropsv samples. indicatinc,complete reversalof the 112htmicroscopic liverchances.
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The liverfindinasnotedintherecoveryanimalswereconsiderednormalbackgroundc
histopathologyof cynomoigus monkeys.

Text Table 3. Incidenceand Severityof LightMicroscopicLiverFindings--
Recovery Animals

0.75mz/kp-/day(Hijah-Dose)

Males Females

(number examined) (2) (2)

57-Week Biopsy

Infiltrate,lymphohistiocytic,nunimal I

Tem,u'nalNecropsy

Infiltrate,lymphohistiocytic,minimal 1) 2

Hyperplasia,bileduct,slight I -

lnflanunation,lymphohistiocytic,slight I
inflammation,eosinophilic,slight 1

Cleari.n!z.cvtoplasmic,centrilobular,minimal -

- Incidenceofzero.

ElectronMicroscopv

Electronmicroscopicevaluationofthe57-weekbiopsyand 79-week necropsyliver
samples identifiedno abnormal features,and alltissuesamples were consideredtobe
ultrastructurallynormal (TextTable4).The hepatocellularhypertrophvand vacuolation
seen after26 weeks oftreatment,and characterizedultrastructurallyby increasedlipid
droplets,were notseen intherecoveryanimalliversamples,indicatingrecoveryofthese
testmaterialrelatedeffects.The electronmicroscopicfeaturesdescribedinthese
recover-vsamples were considerednormal ultrastructuralfindin-sinhepatocvtes.Ficures
1-4arerepresentativeelectronmicrographsfrom thesesamples and illustratenormal liver

and hepatocellularfeatures.

Text Table4. Summary ofUltrastructuralFindings- Recovery Animals

Treatment Group (mF-Ikg/dav)/Sex Animal No. Comments

(10.75)Male, 57-week biopsy 105511 Normal

(0.75)Male, 79-week necropsv 105511 Normal
........................................................... . . ............... ...........................................................................................................................................................................................................
(0.75)Male,57-week biopsy 105522 Normal

(0.75)Male,79-week necro 1055"" Normal
........................................................... ...........p@y ..................................... . ........................................................................................................ .....................
(0.75)Female, 57-week biopsy 105533 Normal

(0.75)Female,79-week necr sv 105533 Normal
........ .................................................. ..............pp ............................................................................................................................................................................ ......................

(0,75)Female,57-week biopsv 105542 Normal

(0.75)Female,79-week necropsv 105541- Normal
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Peroxisomeswere identifiedand quantitatedinrepresentativehepatocvt,s(TextTable5).
Mean peroxisome numbers per hepatocytewere considerednormal.

Text Table5. QuantitationofHepatocellularPeroxisomes

0.75m,-PFOS/k-Jday (Hi,h-Dose)Recoverv Animals

Male Female

57-week biopsv 79-week necropsv 57-week biopsv 79-week necropsy

Anim,-ii Number' of Animal Number of Animal Number of Animal Number of

Number Peroxisomes Number Peroxisomes Number Peroxisomes Number Peroxisomes

105511 18.5 105511 19.2 105533 29.8 105533 20.8

105522 19.4 105522 25.8 105542 23.0 105542 15.2

Mean = 18.95 Mean = 22.5 Mean = 26.4 Mean = 18.0

Average number ofperoxisomesper hepatocyteforfivehepatocytescountedper animal.For Animal No.

105511 (biopsy),peroxisomeswere countedinonly fourhepatocytes

CONCLUSION

LlEhtand electronmicroscopicevaluationofliversfrom cynomolgus monkeys treated
with0.75 mg PFOS[ka/day for26 weeks and allowed to"recover"untreatedfor31 and
53 weeks identifiedno pathologicalchanges.The treatment-relatedchanges of

hepatocellularhv I.pertrophyand vacuolation,characterizedultrastructurallyby increased
numbers of lipiddropletswithinhepatocytesat26 weeks, had completelyresolvedduring

therecoveryperiod.

SIGNATURE OF AUTHOR

James B. Nold, D.V.M., Ph.D., Date
Diplomate,A.C.V.P.
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1Forms areexactcopiesof signed/datedraw data sheetsmaintained
inarchivedstudyfile.



LIGHT MICROSCOPIC EVALUATION

StudvNo.: 6329-223(EM 99.76) Species/Strain.-Cvnomolzus Monkeys

Animal No: seebelow Tissue: Liver

Sex: seebelow

Interpretinc,,Patholoclist(sicnatureand date): --Ai)ril7,20Wt@ --
u

Animal
Dose/Group Number MicroscopicFindingsand Comments
0.75mg[kc, 105511 1.Infiltrate,lymphohistiocytic,multifocal,minimal
(High-dose)
Recovery 105522
Males

57 wk biopsv
0.75mgfk- 105533 1.Infiltrate,lymphohistiocytic,focal,minimal
(High-dose)

....................--- ---------- .............**"--,*---- -- -------------------------------------Recovery 105542 1.Infiltrate,lymphohistiocytic,multifocal,minimal
Females

57 wk biopsv
0.75mg/k- 105511 1.Infiltrate,lvmphohistiocytic,multifocal,minimal
(High-dose)
Recovery
Males ................. ......................................... .. ............................................................................... ............
79 wk 105522 1.Infiltrate,ivmphohistiocytic,multifocal,minimal

necropsy 2. Hyperplasia,focal,slight,bileduct
3. Inflammation,lymphohistiocytic.multifocal,slight
4. Inflammation,eosinophilic,multifocal,slight

0.75mg[kg 105533 1.Infiltrate,lymphohistiocytic,multifocal,minimal
(High-dose)
Recovery
Females
798 week 105542 1. Infiltrate,lymphohistiocytic,multifocal,minimal
necropsy 2. Clearing,cytoplasmic,centrilobular,minimal



TRANSMISSION ELECTRON MICROGRAPH INTERPRETATION

StudyNo.: 6329-223 (EM 99.76) Species/Strain:Cynomol2us Monkey

Animal No.: 105511 Tissue: Liver-centrilobular

57-week biopsy

Treatment Group: .75m2/k-@z(hi-dose) Block No(s).: 99.76-3 1-IA
Z18823 -

Sex: Male Photo/NegativeNo(s).: Z18827

SignificantLesions(checkone): Yes x No

lntlerpret@ln(--Pathologist(signatureand date),:Ora=-,, Y-)1-141, Nlay 26,2WO
(i

Features:ZI8823.Liver.Hepatocyte.15,29OX.Thishepatocytehasasmallround

centralnucleus.The surrounding cytoplasm containsnumerous round tooval
rnitochondriaand severalsmall tolargelipiddroplets.The darkerround organelles,
mostly slightlysmallerthan themitochondria,areperoxisomes. Twenty-four (24)
peroxisomes counted. The interveninc,cytosolcontainsprofilesof endoplasmic

reticulumand some finegranules,which may be glycogen.
Z18824. Liver. 10,320X. Portionsof threecellsarepresent.The dorsaltwo hepatocytes
exhibita mixtureof normal appearingcytoplasmicelements,includingn-iitochondria,

endoplasmic reticulumand scatteredperoxisomes. The largerventralcell'scytoplasm
containsirregularclearspaces surrounded by membranous material.Only a couple of

mitochondria areevident,and thiscellisprobablynot a hepatocyte.A-roundtheperiphery
areseverallargestructurescontainingfinelygranularand reticularmaterial.This may

representsmooth endoplasn-iicreticulumintermixedwith glycogen and/orribosomes. It
appears to be membrane bound, but thismay be a pseudomembrane caused by

compacting ofthesurrounding cytoplasm. Or, thesestructuresmay representcytoplasmic
invaginationsof extracellularmaterialsuch asplasma.The nuclearprofilesinthesecells

appear normal. Peroxisomes were notcounted inthiselectronmicrograph because an

individualhepatocyteshowing most of itscytoplasm isnotpresent.
Z18825. Liver. Hepatocyte. 10,320X. This hepatocyteispolygonalwith a round central

nucleus. Itssurroundingcytoplasm containsnumerous mitochondriaand a few small
lipiddroplets.The interveningcytoplasm containsprofilesofendoplasm-icreticulum,
scatteredfineglyco2en granules,and some dark round peroxisomes. Twenty-two (22)

peroxisomes counted. Three adjacenthepatocytesappearessentiallynormal. At the
bottom rightofthephotograph isa finelygranularstructure,which isoutsideof the

centered hepatocyteand appears similartothatdescribedinZ18224.
Z18826. Liver.Hepatocyte. 10,320X. This hepatocyteisborderedby an extracellular

space alon(2itsrightmargin. The cellhas a small nuclearprofileand abundant cytoplasm
containinc,numerous rru'tochondn*aand slightlydilatedendoplasmic reticulum.Several

Ilipiddropletsarepresent.Seventeen (17)peroxisomes counted.



105511BiopsyContinued.

Z18827.Liver.Hepatocyte.10,320X.A largeroundnucleusispresentinthecentered
hepatocyte.The surroundingcytoplasmcontainsnumerous mitochondriaand abundant
endoplasmicreticulum.A few darkresidualbodiesarepresent.Eleven (11)peroxisomes
counted.At theriahtdorsalmargin of thephotographarean endothelialcelland a
cyranularstructurethatappearstobe an inva-inationofplasma.

Conclusions: Normal hepatocytes.Peroxisomes average 18.5perhe atocyte.4:) p



TRANSMISSION ELECTRON MICROGRAPH INTERPRETATION

StudyNo.: 6329-223(EMM99.76) Species/Strain:Cynomoigus Monkey-2-.-L

Animal No.: 105511 Tissue:-Liver-- centrilobular

79-week necropsy

Treatment Group: .75mg/kg (hi-dose) Block No(s).: 99.76-32-2A

Z18828 -

Sex: Male Photo/NegativeNo(s).: Z18832

SignificantLesions(checkone): Yes x No

Interpretln,-Pathologist(signatureand date): May 29,2000

Features: Z18828. Liver.Hepatocyte. 10,320X. This hepatocyteissomewhat oval in

shape with a smallround nucleus.Approximately 8-9 smalltomedium sizedlipid
dropletsarepresentinthecytoplasm. The majorityofthecytoplasm containsnumerous
round torod-shaped ni-itochondria,interveningareasof smooth endoplasmic reticulum

(SER) and "more clear"patchesof glycogen. Some profilesof rouch endoplasmic
reticulum(RER) and round dark peroxisomesarealsoevident.Twenty-eight(28)
peroxisomes counted. Bilecanalicullcan be seen between thehepatocytessituatedon the

rightand leftwith thecentralhepatocyte.
Z18829. Liver. Hepatocyte. 10,320X. The centralvein and surroundingextracellular

collagenarepresentatthetop rightmargin of thiselectronmicrograph. A sinusoldis
alsopresentatthelower leftmargin. The interveninghepatocytehas a round nucleus and
surroundingcytoplasmcontainingnumerous profilesofendoplasrnicreticulumand dark

mitochondria.There ismild dilatationoftheendoplasmic reticulumand nuclear
envelope,which isa fixationartifact.Severaldark residualbodiesand occasionalsmall

lipiddropletsarealsoidentified.Differentiationbetween peroxisomes and n-iitochondria

isdifficult.Eleven (11)peroxisomescounted.
Z 18830. Liver.Hepatocyte. 10,320X. The cytoplasm of thishepatocytecontains
abundant SER, althoughsome profilesof RER arealsoevident,especiallyaround some

rnitochondria.A nuclearprofileisnotevidentinthisplane ofsectionofthecentered
hepatocyte.Approximately20 lipiddropletsarepresent.Twenty (20)peroxisomes

counted. This hepatocyte'sn-@crovillousborder isevidentboth dorsallyand ventrally

along sinusolds.The nucleusof an endothelialcellispresentatthelower right.Adjacent
hepatocytesarepresentto theleftand rightof thecenteredhepatocyte.

Z 1883 1. Liver. Hepatocyte. 10,320X. The morphology of thishepatocyteisvery
siniilar-toZ18828. The cytoplasm containsnumerous mitochondria,endoplasmic

reticulumand "more clear"patchesofglycogen. Severallipiddropletsarepresent.
Nineteen (19)peroxisomes counted. The surroundinghepatocytesappear

ultrastructurallysimilar.



105511NecropsyContinued.

Z18832. Liver.Hepatocyte.10,320X.ThishepatocyteappearssimilartoZ18830. Its

cytoplasm containsabundant SER. Other recognizableorganellesincludesome RER,

lipiddroplets,mitochondria,peroxisomes and residualbodies. Eighteen(18)
peroxisomes counted. At thelower rightmargin of thephotograph isa sinusold
containingseveralerythrocytes.A prominent bilecanaliculusispresentattheright
where threehepatocytesappear to meet. These hepatocytesareconsideredto be

ultrastructurallynormal.

Conclusions: Normal hepatocytes.Average 19.2peroxisomes per hepatocyte.



TRANSMISSION ELECTRON MICROGRAPH INTERPRETATION

StudyNo.: 6329-223(EM 99.76) Species/Strain:Cvnomolaus Monkey

Animal No.: 105522 Tissue: Liver-centrilobular

57-week biopsy
Treatment Group: .75 m@zPKs@(hi-dose) BlockNo(s).: 99.76-33-IA

Z18833 -

Sex: Male Photo/NegativeNo(s).: Z18837

SignificantLesions(checkone): Yes x No
z@

InterpretingPatholo-ist(signatureand date): May 29, 2000

Features: Z18833. Liver.Hepatocyte. 10,320X. A sinusoldcontainingfinelygranular
plasma isalongtherightmicrovillousmargin ofthishepatocyte.The hepatocytehasan
ovalnucleus. Inthesurroundingcytoplasmareseveralveryelectron-denseresidual
bodies.There ismild dilatationofthenuclearenvelopeand endoplasmicreticulum,
which isa fixationartifact.Eighteen(18)peroxisomescounted.Mitochondriaare

numerous and arevariablyshaped.
ZI 8834. Liver.Hepatocyte.10,320X.This hepatocyteappearsultrastructurallysimilar
toZ 18833. There ismild dilatationoftheendoplasn-licreticulumand nuclearenvelope.
The hepatocytelinesa sinusold,which containstwo erythrocytesand agranulated
eosinophil.Eight(8)peroxisomescounted.
Z18835. Liver.Hepatocyte.10,320X. Severalsmalllipiddropletsarepresentinthe
cvtoplasm of thishepatocyte.Ithasa slightlyovalnucleusand abundantcytoplasm
which containsnumerous mitochondriaand profilesofendoplasmicreticulum.There is
slightdilatationof theendoplasmicreticulumand nuclearenvelope.A distinctmyelin
figureisevidentassociatedwith a lipiddroplettotheleftof thenucleus.Twenty-two

(22)peroxisomescounted.
Z18836. Liver.Hepatocyte.10,320X. The hepatocytehasa largepolygonalnucleus.
The cytoplasm containsabundantSER and RER, which exhibitslightdilatation.Several
smalltolargelipiddropletsarepresent.Numerous round darkperoxisomesareevident.
Thirty-five(35)peroxisomescounted.Mitochondriaarenumerous and variablyshaped,
butappearultrastructurallynormal.
Z18837. Liver.Hepatocyte.10,320X. A sinusoldispresentalonc,theleftand lower
margins of thiselectronmicrograph. The lighter-stainingendothelialcellispresentalong
the lower margin. The centeredhepatocytehas an ovalnucleusand numerous
rnitochondriaand endoplasmicreticuluminitssurroundingcytoplasm.There ismild
dilatationof theendoplasn-iicreticulumand nuclearenvelope.Severallipiddropletsand
residualbodiesarealsodiscernible.Fourteen(14)peroxisomescounted.

Conclusions: Normal hepatocytes.Peroxisomes avera e 19.4perhepatocyte.



TRANSMISSION ELECTRON MICROGRAPH INTERPRETATION

StudyNo.: 6329-223(EM 99.76) Species/Strain:Cynomolizus Monkey

Animal No.: 105522 Tissue: Liver-centrilobular

79-week necropsy
TreatmentGroup: .75me/kEz(hi-dose) Block-No(s).: 99.76-34-2A

Z18838 -

sex-. Mate Photo[NegativeNo(s).: Z18842

SignificantLesions(checkone):_ Yes X No

Interpretin-Pathologist(signatureand date):D4@@, f?n,cH Mav 29,2000
c

u

Fe--tures:Z18838.Liver.Hepatocyte.10,320X.Thishepatocytehasa!a-r-eround
nucleus.At theverytopleftmargin oftheelectronmicrographisa segment of sinusoid
alongitsmicrovillousborder.A bilecanaliculusisevidentatthelowerleftmargin of the
photograph,where thecenteredhepatocytemeets an adjacenthepatocyte.The centered
hepatocvtehas abundant cytoplasm,which containsnumerous profilesof RER and SER.
There issli2htdilatationoftheendoplasmic reticulum.Mitochondriaarenumerous are
roundtooval inshape. Approximatelytwenty-three(23)peroxisomescounted.
Z18839. Liver.Hepatocyte.10,320X. Two hepatocytesareclearlyevidentinthis
electronniicrolraph.They appearultrastructurallysimilar.They exhibitmilddilatation
of theirendoplasmic reticulumand nuclearenvelopes.They have numerous
n-@tochondriaand occasionallipiddropletsand residualbodies.Peroxisomes areusually
round and more electron-densethantherr@tochondria.Seventeen(17)peroxisomes

counted intheupper hepatocyte.
Z18840. Liver.Hepatocyte.10,320X. This hepatocytehasa largeroundcentral
nucleus.The surroundingcytoplasmhas numerous n-Litochondriaand many slightly
dilatedprofilesof endoplasn-Licreticulum.Both theSER and RER appearslightlydilated.
Approximately 15-16smalltomedium sizedlipiddropletsarepresent,as area few very
electrondenseresidualbodies.Twenty-one (21)peroxisomescounted.
Z18841. Liver.Hepatocyte.10,320X. Thishepatocyte'snucleusisnotevidentinthis
planeof section.A sinusoidcontainingan erythrocyteispresentalongtheverytop
margin of thiselectronmicrograph.There isslightdilatationoftheendoplasmic
reticulumthrou(2houtthecytoplasm.Also,random smalltomedium sizedlipiddroplets
arepresent.Numerous peroxisomesareevident.Forty(40)peroxisomescounted.
Z 18842. Liver.Hepatocyte. 10,320X. This hepatocyteappearssimilartoZ 18838,and
isultrastructurallynormal. Ithas an ovalnucleusand abundantsurroundingcytoplasm
containiniznumerous mitochondriaand slightlydilatedprofilesofendoplasmicreticulum.
Twenty-eight(28)peroxisomescounted.Sinusoidsareevidentattheupperleftand

lowerrightmarizinsofthephotograph.

Conclusions: Normal hepatocytes.Peroxisomes averac,,e25.8perhepatocyte._



TRANSMISSION ELECTRON MICROGRAPH INTERPRETATION

StudyNo.: 6329-223(EM 99.76-)-- Species/Strain:Cynomoigus Monkey

Animal No.-. 105533 Tissue: Liver-centrilobular

57-week biopsy
TreatmentGroup: .75miz@iz(hi-dose) BlockNo(s).: 99.76-35-1A

Z18843 -

Sex: Female Photo[NegativeNo(s).: Z18847

Sic,nificantlesions(checkone): Yes x No
C7

InterpretingPathologist(signatureand date):k@!@R Mav 29,2000

Features: Z18843. Liver.Hepatocyte. 10,320X. This hepatocytehas a smallnuclear
profile.A sinusoidlinedby an endothelialcellispresentalongtheupperrightmargin of
theelectronmicroszraph,and an adjacenthepatocyteispresentatthe lower leftmargin. A
prominentbilecanaliculusispresentbetween thetwo hepatocytes.The cvtoplasmofthe
centeredhepatocyteisvoluminous and containsnumerous n-Litochondriaand endoplasmic
reticulum.The endoplasn-Licreticulum,nuclearenvelope,and mitochondriaappeartobe
sli-htlydilated.Thisdilatationisa fixationartifact.A few smalltomedium sizedlipid

dropletsarepresent.Forty(40)peroxisomescounted.
Z 18844. Liver.Hepatocyte.10,320X.This somewhat triangular-shapedhepatocytehas
a largeovalnucleus.Itscytoplasmcontainsnumerous mitochondriaand slightlydilated
profilesof RF-R. Some glycogengranulesappeartobe intermixedwiththeSER.

Eighteen(18)peroxisomescounted.
Z18845. Liver.Hepatocyte.10,320X. This electronrriicrocraphappearssimilarto
Z18844, althourhtwo nuclearprofilesarepresent,which isprobablya functionofthe
planeof sectionalthoughitmay be binucleated.Thirty-four(34)peroxisomescounted.
Z18846. Liver.Hepatocyte.10,320X.The centeredhepatocytecontainsasmallround
nucleus.The surroundingcytoplasmcontainsnumerous n-litochondriaand slightlydilated

profilesof endoplasn-ticreticulum,bothSER and RER. One myelin figureand several
lipiddropletsarepresent.Thirty-three(33)peroxisomescounted.Some extracellular
coliagenand a sinusoldarepresentalongthelowerrightmargin ofthephotograph.The

hepatocyteatthetop riahtismore lightlystainingthanthecenteredhepatocyte,and its
cytoplasmcontainabundant SER. Some mitochondriaand peroxisomesarealsoevident.
Z18847. Liver.Hepatocyte.10,320X. This electronmicrographappearsverysimilarto
Z18844. Althouahthereisslightdilatationoftheendoplasmicreticulum,thishepatocyte
appearsultrastructurallynormal. Twenty-four(24)peroxisomescounted.

Conclusions: Normal hepatocytes.Peroxisomesaverage29.8perhepatocyte.



TRANSMISSION ELECTRON MICROGRAPH INTERPRETATION

StudvNo.: 6329-223 (EM_29.76)_ Species/Strain:CvnomolizusMonkey

Animal No.: 105533 Tissue: Liver-centrilobular

79-week necropsy
Treatment Group: .75mlylk@z(hi-dosel BlockNo(s).: 99.76-36-2A

Z18848 -

Sex: Female Photo/NegativeNo(s).: Z18852

SignificantLesions(checkone): Yes x No

InterpretingPathologist(signatureand date): May 29,2000

-

c@ c ill.,@
C) - -

Features: ZI 8848. Liver. Hepatocyte. 10,320X. This electron micrograph illustrates a
hepatocytewithadjacenthepatocytesalongeitherside.Sinusoidsarepresentalongthetopright
and bottom leftmargins.Along thesinusoids,thehepatocytesexhibitmicrovillousborders.
Lightlystainingendothelialcellslinethesinusoids.The centeredhepatocytehasa largeoval
nucleusand abundantsurroundingcytoplasm.The cytoplasmcontainslargeamounts of SER and
numerous scatteredmitochondria.A few lipiddropletsand residualbodiesarepresent.RER is
evidentasclusters,usuallyaroundmitochondria.Thirty-five(35)peroxisomescounted.
Z18849. Liver.Hepatocyte.10,320X.Thispentagonally-shapedhepatocytehasa somewhat
"trapezoid"appearanceand isbounded by hepatocyteson fivesides.Ithas a roundcentral
nucleusand abundantsurroundingcytoplasm.The cytoplasmcontainsnumerous mitochondria
and lotsofSER. Some profilesofRER arepresentaroundthemitochondria.Twenty-four(24)

peroxisomescounted.
Z18850. Liver.Hepatocyte.10,320X. Thishepatocyteisborderedby a sinusoidatitslower
leftmargin.The sinusoidislinedby an endothelialcellandcontainstwo prof'iiesof
erythrocytes.The hepatocytehasa smallcentralnucleus.Itscytoplasmcontainsnumerous areas
ofglycogen.These arelightlystainedareaswithfinegranularmaterial.Mitochondria,SER and
RER appearultrastructurallynormal.Eight(8)peroxisomescounted.
Z18851. Liver.Hepatocyte.10,320X.Thiselectronmicrographappearsessentiallysimilarto
Z18850. Near thetopcenterthereisa sinusoidlinedby an endothelialcelland containingan
erythrocyte.The hepatocyte'scytoplasmcontainsmultiplepatchesof glycogeninterspersed
betweenSER and mitochondria.Eighteen(18)peroxisomescounted.
Z18852. Liver.Hepatocyte.10,320X. Thishepatocyteisround,witha roundnucleus,and
containsone medium sizedlipiddropletinitscytoplasm.A sinusoidcontainin-an erythrocyteis
presentalon-thelowerfightmarginoftheelectronmicrograph.Abundant SER, mitochondria,
and some glycogenarepresentinthecytoplasmofthehepatocyte.Approximatelynineteen(19)
peroxisomescounted.

Conclusions: Normal hepatocytes.Peroxisomesaverage20.8perhepatocyte.



TRANSMISSION ELECTRON MICROGRAPH INTERPRETATION

StudyNo.: 6329-223(EM 99.76) Species/Strain:Cvnomoigus Monkev

Animal No.: 105542 Tissue: Liver-periportal

57-week biopsy
TreatmentGroup: .75mL-/kiz/(hi-dose) BlockNo(s).: 99.76-37-1A

Z18853 -

Sex: Female Photo/NegativeNo(s).:Z18857

SignificantLesions(checkone):_ Yes x No

InterpretingPathologist(signatureanddate):kic@p, Mav 29,2000
L-)

Features: Z18853. Liver.Hepatocyte.10,320X. Thishepatocyteappearssurrounded
by adjacenthepatocyteson allsides.Ithas a largepolygonalnucleusand abundant
surroundingcytoplasm.Justtothelowerleftof itsnucleusisa smallsegment of
extracellularspacecontainingsome n-ticrovilliand collagen,probablynextto a sinusold.
Severalsmalllipiddropletsarepresentinthecytoplasmofthecenteredhepatocyte.The
endoplasn-ticreticulumisslightlydilated,and severalresidualbodiesarepresent.
Nineteen(19)peroxisomescounted.
Z18854. Liver.Hepatocyte.10,320X. SimilartoZ18853, theendoplasmicreticulumof
thishepatocyteisslightlydilated,which alongwiththedilatednuclearenvelope,isan
artifactof fixation.The mitochondriaappeartoalsoexhibitsome slightartifactual
swellinc,.Multiplebilecanalicullareevidentalonc,themarginsof thiscell'scontactwith
adjacenthepatocytes.Approximatelythirteen(13)peroxisomescounted.
Z18855. Liver.Hepatocyte.10,320X. This hepatocytehasa larcyeroundnucleus.It's
surroundingcytoplasmcontainsnumerous profilesof SER, which areminimallydilated.
Approximately 20 smalltomedium sizedlipiddropletsarepresentinthecytoplasm.

Fifty-one(51)peroxisomescounted.
Z18856. Liver.Hepatocyte.10,320X. Extracellularspacecontainingnumerous
coliagenfibrilsispresentnexttothecenteredhepatocyte.The hepatocytehas a large
ovalnucleusand abundantsurroundingcytoplasmwithnumerous mitochondriaand
endoplasnu'creticulum.A few smalllipiddropletsarepresent.Thirteen(13)
peroxisomescounted.
Z18837. Liver.Hepatocyte.10,320X. Smooth endoplasmicreticulumand
rfi,itochondriaareabundant inthecytoplasmof thishepatocyte.The hepatocytehas a
larc,eround nucleusand severalsmalltomedium sizedlipiddropletsarepresent.
Nineteen(19)peroxisomescounted.

Conclusions: Normal hepatocytes.Peroxisomesaverage'-13.0perhepatocyte.



TRANSMISSION ELECTRON MICROGRAPH INTERPRETATION

StudyNo.:-6329-223(EM 99.76) Species/Strain:Cynomoigus Monkey

Animal No.: 105542 Tissue: Liver-centrilobular

79-week necropsy
TreatmentGroup-. .75mg/kg (hi-dose) BlockNo(s).:99.76-38-2A

Z18858 -

Sex: Female Photo/NegativeNo(s).: Z18862

SignificantLesions(checkone):- Yes x No
z@

InterpretingPathologist(signatureand date): eg,,t Mayi v 29.2000

Features: Z18858. Liver.Hepatocyte. 10,320X. This hepatocytehas a round central
nucleus.To theleftof and beneaththenucleusareseveralmedium sizedlipiddroplets.
The remainingcytoplasmcontainsabundantSER, patchesofglycogen,rru'tochondria,and
some profilesof RER. Six(6)peroxisomescounted.
Z18859. Liver.Hepatocyte.10,320X. The cytoplasmofthishepatocytecontains
multipleareasofglycogengranuleaccumulation.These arelightlystainedareaswith
numerous smallelectrondensegranules.A few lipiddropletsarealsopresentinthe
cytoplasm.The darkerand irregularcytoplasmicmaterialisSER intermixedwith
glycogen.Five(5)peroxisomescounted.
Z18860. Liver.Hepatocvte.10,320X. Thirty-two(32)peroxisomesarecountedinthis
hepatocvte'scytoplasm.The cellhas a largeround nucleus.Most of thecytoplasm is
occupiedby SER, mitochondria,and occasionallipiddroplets.Some profilesofRER are
evidentaround nu'tochondria.A microvillousborderand adjacentsinusoidarepresent

alongtherightmar-in of thishepatocvte.
Z18861. Liver.Hepatocyte.10,320X. For thishepatocyte,itsnuclearprofileisnot
presentinthisplaneofsection.A moderatenumber of medium sizedlipiddropletsare
present.Severalof thesecontainsome membranous or myelin-likedebris. Numerous
profilesof SER and RER arepresent.There isslightdilatationof theendoplasmic
reticulum.Numerous variablyshaped n-@tochondriaarepresent,but theyappear
uItrastructurallynormal. Eleven (11)peroxisomescounted.
Z18862. Liver.Hepatocyte.10,320X. Thishepatocyteappearssomewhat triangular
shaped inthisplaneof section.Ithas a largeround nucleusand abundant surrounding
cytoplasm.Severalsmalltomedium sizedlipiddropletsarepresent.Abundant SER,
some profilesofRER, mitochondria,and peroxisomes occupy themajorityofthe
cytoplasm.Approximatelytwenty-two(22)peroxisomescounted.A sinusoldwithan
endothelialcelland erythrocyteispresentatthelower leftmargin of thephotograph.

Conclusions: Normal hepatocytes.Peroxisomesaverage 15.2perhepatocyte.
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Figure Legends

Magnirication. Printmagnificationisindicatedon theback of each photoe!raph.The
measurement baron each photomicrographequalsone micron (O.OOIMM).

.Fl-gu-re1. Liver.Hepatocyteshowing normal cvtoplasmicorganelles.Some
peroxisomes and othernormal organellesareidentified.There isslightartifactual
dilatationofthenuclearenvelopeand endoplasm-icreticulum.Animal No. 105522,0.75
mg/k-g/day(high-dosemale).57-week biopsy,10,320X magnification.

Figure2. Liver.Hepatocvte.Glycogen accumulationsareshown. Glycogen arethe
smallgranuleswithintheclearareas.Animal No. 105511,0.75 ma/k-p-/dav(high-dose
male),79-week necropsy,10,320X magnification.

Figure3. Liver.Hepatocyteshowing normalcytoplasmicorganelles.There isslight
artifactualdilatationof theendoplasmicreticulumand nuclearenvelope.Animal No.
105542,0.75 mg/kg/dav (high-dosefemale),57-week blopsv,10,320X masznlfication.

Figure4. Liver.Hepatocyteshowing normal cytoplasmicorganelles.Animal No.
105533,0.75mgfk-2/day(high-dosefemale),79-week necropsy,10,320X magnification.
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DraftElectronMicroscopy Report

Covance StudyNo. 6329-223
Recovery SacrificeAnimals

Index of Labels forUltrastructuralStructures

Abbreviation Structure

BC Bile canaliculus

EV Nuclear envelope

G Glycogen

L Lipid droplet

m Mitochondria

N Nucleus

p Peroxisome

RB Residual body

RER Rough endoplasmic reticulum

SER Smooth endoplasn-ticreticulum
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QUALITY ASSURANCE STATEMENT

ThiselectronmicroscopystudyhasbeeninspectedandauditedbytheQuality
Assurance Unitas requiredby the Good LaboratoryPracticesRegulationspromulgated
by the U.S.Food and Drug Administration.PAI has a functioningand responsive
QualityAssurance Unitwhich reportsdirectlyto management. The followingisa record
ofinspections/auditsand theirresultingreports:

Date FindingsReported

Date of toManagement

Inspection Phase Inspected and Study Director

4/1,2/99 Data Audit 4/2/99

4/2/99 DraftReport Audit 4/2/99

7/13/99 AuditofData from AdditionalGroups 7/13/99

7/13/99 FinalReport Audit 7/13/99

5/25,30/00 Data and DraftReportAudit 5/30/00
Recovery Animals

OKne deward, B.S.,RQAP-GLP Dite
-

t:rualityAssurance Specialist

Sponsor: 3M CorporateToxicology

TestArticle:PFOS

Study Number: 6329-223, PAI Study EM-99.76

4915 D Prospectus Driveo Durham, North Carolina 27713 (919)544-5257 o (919)544-3218 FAX


