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Summary

Adult male and female Sprague-Dawley rats and Harlan guinea pigs received oral gavage
dosesofvehicle control (2% Tween §0), 40 mg/kg/day (mkd) perfluorooctanesaulfonate
(PFOS, T-6295), 40 mkd or 160 mkd N-Ethyl perfluorooctanesulfonamido ethanol (N-
E{FOSE, T-6316), or40 mg/kg/day N-Ethyl perfluorooctanesulfonamide (N-E(FOSA, T-
6868) for four days and were humanely sacrificed on the fifth day. Male Sprague-
Dawley rats received oral gavage dosesof vehicle control (propylene glycol), 160 mkd
perfluorooctanesulfonamidoacetate (FOSAA, M556, T-7071),or40 mkd
perfluorooctansulfonamide (FOSA, T-7132) for four days and were humanely sacrificed
on the fifth day.
Al animals survived. The percent initial body weights were significantly decreased in
rats by 40 mkd PFOS and 160 mkd N-E(FOSE significantly reduced body weight
compared to controls to 85% and 87% inital body weight, at average liver PFOS
concentrations of> 600 ug/g. 40 mkd FOSA and 160 mkd FOSAA significantly
reduced body weight to 93% and 95 % of initial body weight, respectively, at average
liver PFOS concentrations of 140 ug/g and 200 g/g, respectively. Neither 40 mkd N-
EtFOSEof 40 mkd N-EtFOSA had a significant effect on body weight in ats. In the rat,
liver to body weight ratios were significantly increasedby 40 mkd PFOS at average liver
PFOS concentrations of> 600 ug/g. Increased liver to body weight ratios were found in
rats from all other dose groups, but these changes were not significant compared to the
control.
“The guinea pig percent body weight was significantly decreased by 160 mkd N-E(FOSE
and40mkd PFOS 10 91% and 93% initial body weight, at average liver PFOS
concentrationsof419 g/g and 171 g/g, respectively. Guinea pig liver to body weight
ratios were unchanged. Guinea pig kidney to body ratios were significantly increased by
treatment in all the dose groups measured, i. 40 mkd N-EFOSE, N-EFOSA, or PFOS.
In rats, cholesterol (CHOL), riglycerides (TRIG), alkaline phosphatase (ALKP), and
aspartate aminotransferase (AST) were significantly lowered in rats treated with 40 mkd
PFOS and 160mkd N-EGFOSE. Significant decreases in serum potassium (K") occurred
in rats treated with 40 mkd PFOS,40 mkd N-E(FOSE and 40 mkd N-E(FOSA. In rats, 40
mkd PFOS caused asignificant increase in hepatic palmitoyl CoA oxidase (PCoAO)
activity, but 160 N-EXFOSE did not. Exposureof ats to 160 mkd N-E-FOSE caused a
doublingofthe specific activity of lauryl CoA oxidase (LCoAO) and a 2-fold increase in
the concentration ofmRNA encoding for PCAO in rat liver, but catalase activity and
catalase mRNA were unchanged. Exposure of rats to 40 mkd PFOS caused a 2-fold
increase in LCoAO activity and a 3 to 6-fold increase in PCOAO mRNA expression in
rats. Treatmentwith40 mkd FOSA or 160 mkd FOSAA caused a significant increase in
hepatic cytochrome P430 content and Acyl CoA oxidase activity in male rats.

PFOS was apparentlya more potent peroxisome proliferator than N-EFOSE. PFOS
significantly induced PCOAO activity whereas N-EWFOSE increased, but did not
significantly induce PCOAO activity, even though both treatments achieved similarly
high liver PFOS concentrationsofgreater than 600 g/Kg. PCoAO activity was not
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determined for the 40 mkd FOSA and 160 mkd FOSAA treated male rats, but a 2-fold
induction of acyl CoA oxidase activity occurred at relatively lower average liver PFOS
concentrations of 193pig/gand 140 ug/g , respectively, with an equivalent or greater
fraction of the total liver fluorochemical was contributed by the parent compound or the
metabolite FOSA from the FOSAA treated rats. These data suggest that FOSA may be
an equally potent peroxisome proliferator to PFOS, but not the N-acetyl metabolites of
N-Et FOSE.

In the guinea pig, potassium (K*) values were significantly reduced by 40 mkd PFOS and
N-EtFOSA. Neither 40 mkd PFOS or N-EtFOSA, nor 40 mkd or 160 mkd N-EWFOSE.
caused peroxisome proliferation in either gender of guinea pigs.

‘These results showed that PFOS, N-EtFOSE, FOSA and FOSAA all caused indications
ofperoxisome proliferation in rats, but not in guinea pigs. Theseresults are in
concordance with effectsofclassical peroxisome proliferators, in that the response is
specific to certain species
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Introduction:
‘The objectiveofthis study was to investigate and compare the molecular mechanisms of
peroxisome proliferation in rats and guinea pigs. Three compounds derived from
perfluorooctane sulfonate and known to cause peroxisome proliferation in the rat were
initially tested, perfluorooctanesaulfonate (PFOS), N-Ethyl perfluorooctanesulfonamide
(N-EtFOSA) and N-Ethy! perfluorooctanesulfonamido ethanol (N-EtFOSE). By
amendment, two other compounds, perfluorooctanesulfonamido acetate (FOSAA) and
perfluorooctanesulfonamide (FOSA) were added to the study. The ultimate metabolite of
N-EFOSA, N-E(FOSE, FOSAA and FOSA was presumed to be PFOS, however there is
some debate about that. The hypothesis that these fluorochemicals would induce
peroxisome proliferation in the rat, but not the guinea pig, was based on several lines of
evidence indicating that guinea pigs and primates are resistant 0 peroxisome
proliferation. However, the molecular and biochemical mechanisms that differentiate the
response of these species to peroxisome proliferators for the perfluorosulfonamideswas
unclear. The specific aimsofthis study were to:

1. To elucidate the molecular response in both rats and guinea pigs by measuring the
induction of mRNAofgenes that are associated with peroxisome proliferation.

2. To measuring the hepatic activityofperoxisomal enzyme systems and fatty acid
binding proteins.

3. To perform standard toxicity testsof serum clinical chemistry and to examine the
liver for histological changes which may indicate an explanation for the species
differences seen in response to these compounds.

4. To correlate any observed alterations of the above functions to liver and serum levels
ofperfluorosulfonamides and their metabolites.

‘This study was part ofa seriesofinvestigations designed to understand the
‘molecularand biochemical mechanisms for the effectsofthese compounds observed in-
vivo. This study was carried-outi collaboration with other investigators. Dr. Ken
‘Wallace, Universityof Minnesota Duluth, who has been engaged in studies designed to
understand the effectsofthese perfluorosulfonamides on mitochondrial bioenergetics,
‘performed molecular and biochemical analysesofthe inductionofgenes associated with
peroxisomal proliferation and/or cell replication. Dr. Kris Hansen and Lisa A. Stevenson
ofthe 3M Environmental Technology and Safety Services lab performed quantitative
serum and liver perfluorosulfonamide metabolite analyses. Dr. Lin Xu performed
quantitative liver perfluorosulfonamide metabolite analyses on some samples in Dr.
Marion Anders lab at the Universityof Rochester

Study Timelines:

‘This study (DT15-B) was conducted in three parts, the protocol and protocol amendment
numbers 1 and 2. The protocol had an in-life start date of 11/16/98 and an in-lfe end
date of 11/20/98. Amendment number 1 had an in-life start date of 3/1/99 and an in-life
end dateof 3/5/99. Amendment number 2 had an in-life start dateof2/19/01 and an in-
life end date of 223/01. Amendment #3 was procedural only.
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Regulatory Compliance:
“This was an exploratory study and thus classified as non-GLP as explained in TOX SOP
0950, Strategic Toxicology Lab GLP Program Procedure.

Test Material:
“The sponsor provided samplesofall luorochemicals to the investigators. Analytical
‘documentationofthe stating material was the responsibilityofthe sponsor. A chemical
‘composition specification sheet was kept on file. Compoundswere stable at room
temperature. Test material was stored tightly sealed at room temperature.

“The T-numbers, chemical names, abbreviations used for these samples, and the chemical
structuresofeach ofthe compounds that were tested in this study are given below. The
currently accepted abbreviations for each compound are in bold

1. Vehicle control: 2% Tween 80, or propylene glycol.

2. T-6295:  Perfluorooctane sulfonic acid, potassium salt
(perfluorooctanesulfonate), POS, FC-95, Formula: C4fsS0s- K', MW = 538.1
mole).

3. T6316: Necthylperfluorooctane sulfonamido ethanol, (narrow Range N-
Ethyl Perfluorooctanesulfonamido ethyl alcohol), N-EFOSE, EtFOSE, FC-10,
Formula: C,fsSO:N(C:HICH,CHOH, MW = 571.06).

4. T-6868:  Neethyl perfluorooctane sulfonamide, (perfluorooctane sulfonyl
ethylamide), PFOSA (as sated in the protocol, but not used for ths compound in
this report), N-EtFOSA, PFOSEA (abbreviation used by the 3M Environmental
lab), FX-12, Formula Cif SO:NHCHi, MW = 527.2).

5. T7071: Perfluorooctanesulfonamido acetate, FOSAA, MSS6, (Formula
iFSONHCH,CO0, MW — 556 g/mole)

6. T-7132  Perfluorooctanesulfonamide , FOSA, PFOSA (abbreviation used
by the 3M Environmental Lab), Formula CsF17SO;NHs, FOSA, MW = 499.06
gmole).

7. Wyeth-14643 (WY, MW =323.79 g/mol) was obtained from Chemsyn Science
Laboratories, Lexena, KS. Wyeth-14643 (WY), was added to DTISA as positive
control dose group for hepatic peroxisome proliferation.
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Methods
‘The methods and dose groups for eachpart ofthis study are summarized below. Detailed
methods are given in the protocol and amendments. Deviations to the protocol are listed.
in Appendix |

DTIS-B Protocol Procedures
“Theprotocolhad an in-lfe start date of 11/16/98 and an in-life end date of 11/2098.
Under the protocol, eight male and eight female Sprague Dawley Rats, 10-12 weeks old
weighing approximately 250-300 grams at the timeofinitiation were obtained from
Harlan Laboratories, Inc. Eightmaleand eight female Hartley Guinea Pigs 10-12 weeks
old and weighing approximately 600 to 750 grams at the timeofinitiation were obtained
from Harlan Laboratories, Inc. Each dose group contained 2 animals/sex/species. The
dose groups were vehicle control (2% Tween 80), 40 mg/kg/day N-Et FOSE, 40
mg/kg/day N-EFOSA, and 40 mg/kg/day PFOS. A 20 mg/mL suspensionofcach test
compound was prepared in 2% Tween 80 in a glass tissue grinder. The animals received
four consecutive daily doses. The dayofthe first dose was designated day zero, thus the
doses were administered on days 0,1,2 and 3ofthe study. Rats receive the test
compound suspended in 2% Tween 80 or the vehicle control by oral gavage at a volume
of2 ml/kg body weight. The guinea pigs received their daily oral dose volume of2
mk by droplet in the back of the mouth. The animals were humanely sacrificed on
day4

Amendment Number 1 Procedures

Amendment number 1 had an in-life start date of 3/1/99 and an in-life end date of
3/5/99. The purpose of amendment 1 wastoadd groups ofboth male and female rats and
guinea pigs treated with vehicle control, N-E(FOSE (T-6316) or PFOS (T6295). The
histological and clinical chemistry resultsofthe treatment groups under the protocol were
not remarkably different than in the controls, and the tissues for northern blot analysis
were delayed during shipping and were degraded. Therefore, amendment 1 was designed
to replace the specimens that were lost and elevate the dose of N-E(FOSE administered to
achieve a more effective level,

‘Twelve rats and twelve guinea pigs total (6 male, 6 female/species) were used under the
protocol amendment #1. Each dose group contained 2 animals/sex’species.
‘The dose groups were vehicle control (2% Tween 80), 160 mg/kg/day N-Et FOSE and 40
mg/kg/day PFOS.

For N-EtFOSE, a suspension of 80 mg/ml N-E(FOSE in 2% Tween 80 was prepared and
a volume of2 ml/kg was administeredbyoral gavage to the rats and by droplet in the
back of the mouth to the guinea pigs on days 0 through day 3 ofthe study.
‘This dose was comparable to the cumulative doseofN-ECFOSE that induced peroxisomal
PCOAO activity in the rat in a 4 week feeding study with 300 ppm N-EWFOSE (Ref. 3M
Medical Dept. T-6316.1), and was less thanhalfofthe LDS0.
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For PFOS, a suspension of 20 mg/m of PFOS in 2% Tween 80 was prepared, anda
volume of2 mU/kg was administered by oral gavage to the rats and by droplet in the back.
of the mouth to the guinea pigs on day zero through day 3of the study. The cumulative
dose of PFOS delivered under protocol amendment #1 was ~160 mg/kg, as wasused in
the protocol. The cumulative dose was below the LDS0 for PFOS and well above the
threshold for inducing peroxisome proliferation in the rat

Amendment Number 2 Procedures

“The purposeofamendment 2 was to add groups male ras treated with vehicle control,
perfluorooctanesulfonamidoacetate (FOSAA) or perfluorooctanesulfonamide (FOSA) at
doses equivalent to the doses of N-EFOSEand PFOS, respectively, in protocol
amendment #1 in order to compare the effects and metabolite profilesofthese
compounds in ats at equivalent doses. Amendment number2 had an in-life start date of
2/19/01 and an in-life end date of 2/23/01. Nine male rats were used under the protocol
amendment #2. Each dose group contained 3 male Sprague Dawley Rats, 10-12 weeks
old weighing approximately 250-300 grams at the timeof initiation were obtained from
Harlan Laboratories, Inc. The dose groups were vehicle control (propylene glycol), 160
mg/kg/day FOSAA, and 40 mg/kg/day FOSA. The vehicle control was delivered by oral
‘gavage ata volumeof S mUkg body weight on days zero through day3ofthe study. A
larger volume of 5 ml/g was used than in protocol amendment #1 because only rats
were dosed by oral gavage, whereas the guinea pigs cannot be dosed by oral gavage.

For FOSAA, a suspension of 32 mg/ml FOSAA in propylene glycol was prepared and a
volume ofS ml/kg was administered by oral gavageto the rats on days 0-3. This dose
achieved a cumulative dose of 640 mg/kg FOSAA.

For FOSA, adoseof40 mg/kg body weight was administered via gavage to rats on day
210 through day 3of the study. A suspension of§mg/ml ofFOSA in propylene glycol
was prepared, and a volume of5 ml/kg was administered by oral gavage to the ats. This
dose achieved a cumulative dose of 160 mg/kg aftr four daysofdosing. The dose of
FOSA was the same as the dose of PFOS administered under amendment #1 ofthis
protocol. The LDS0 for FOSA is not known, but the cumulative dose of FOSA
administered under his protocol was below the LDSO for PFOSof251 mg/kg for POS.
in com oil, as a pointofreference.

Specimen Handling:

Liver and sera were collected and frozen rapidly after euthanasia according to the details
described in the protocol and amendments. A one to two gram aliquotofthe liver
samples shipped in dry ice to the analytical laboratories listed in the protocol and
amendments. The identificationofeach liver sample sent to each lab is listed in
Appendix 2.
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Analytical methods

Certain liver samples were sent for analysis by previously published methods for P450
content, Lauro] CoA oxidase activity (Poosch and Yamazaki 1986) and protein content
(Bradford 1976) in the laboratory of Ken Wallace Dept of Biochemistry and Molecular
Biology at the University ofMN by the following methods:

Enzyme Sample Preparation ~ The enzyme fraction consisted of the 6,000 g.
supermatantof a 10% (wt/vol) homogenate of 0.5-1.0 g frozen liver tissue in 300
mM mannitol-10 mM HEPES-1 mM EGTA (pH 7.2). Protein concentration was
estimated according to the method of Bradford using commercial bovine serum
albumin as standard.

L-Cod Oidase Assay ~ The equivalent of ca., 5 pg/ml tissue homogenate was
suspended in 60 mM KH:PO-0.02 % Triton X100 (pH 7.4) containing 1 mM p-
hydroxyphenylacetate (PHPA), 4 units/ml peroxidase, 20 uM FAD, and 60 uM
lauryl-CoA (LCOA). The reactions were allowed to incubate at 37°C for 30 min
in a shaking water bath and terminated by adding 3 volumes of 2 mM KCN in
100 mM sodium carbonate (pH 10.5). The concentration of HO; generated
during the reaction was estimated from the fluorescence of PHAP as measured
with an excitation wavelength of 317 nm and emission at 405 nm. The
fluorescence was calibrated with commercial HO; and the results are expressed
as nmol peroxide generated/min/mg mitochondrial protein. Protein was
‘quantitated by the Bradford method.

Catalase Assay - The activity of catalase was estimated by a modification of the
original method published by Claiborne and Fridovich (J. Biol. Chem. 254, 4245-
52,1979), which is based on the direct measurement of H0, disappearance as
quantified spectrophotometrically at 240 nm. In this procedure, the tissue sample:
was diluted in 50 mM potassium phosphate (pH 7.0). The medium was warmed
10 27°C and the reaction initiated by adding 10.3 mM H0x. The progress of the
reaction was monitored at 240 mm for § min. Catalase activity was estimated
from the initial linear rate ( E*=43.6 mMcm™) and expressed as units/mg
protein (Table 1). One unit ofactivity is defined as that amountofenzyme which
catalyzes the decomposition of| mole of HO; per min.

Northern Blot Analyses - Quantitation of mRNA for both acylCoA oxidase
(ACOAO) and catalase were performed by Northern blot analysis of quick frozen
liver samples from treated rats and guinea pigs. Approximately | g offrozen liver
was powderized in liquid nitrogen using a mortar/pestle. Total RNA was.
recovered using the PERFECT RNA™ isolation kit and the concentration
quantified spectrophotometrically at 260nm. The RNA was electrophoresed on a
1% agarose gel, blot transferred t0 a cellulose membrane and hybridized to the
corresponding randomly [*?P] labeled oligonucleotides that were PCR amplified
from primers to ca, 350 base sequenceofthe respective rat liver gene. mRNA
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band density was quantified autoradiographically using phospho-imaging
software.

Certain Liver samples were sent for analysis for the parent compound (s) and the
‘metabolites by the 3M Environmental Technology and Safety Services using published
‘methods (Hansen et al. 2001). The detailsofthe methods used and the resultsofthe
analyses that were completed were issued in an analytical report from the 3M
Environmental Lab on May 8, 2003 (3M Study No. FACT-TOX ~107, 3M Laboratory
LIMS No.E01-0129). The resultsof analyses that were completed are included in this
report and integrated with the body weight and liver weight data. The abbreviations that
the 3M Environmental lab used to identify compounds were different than the ones listed
above, and are found associated with the primary data tables from the lab. The lab
analyzed fora metabolite, perfluorooctanesulfonamidofethylacetate (PFOSAA), that
was never dosed. The abbreviations used for cach analyte that the lab used as standards
and analyzed for in liver samples are given below, followed by the chemical formula and
the abbreviation used in this report.

PFOS=  Perfluorooctanesulfonamide (Formula C4F;,S0;-, PFOS)
PFOSA = Perfluorooctanesulfonamide (Formula CsFi7SO:NH;, FOSA)
PFOSAA = Perfluorooctanesulfonamidoethyl)acetate. (This compound was also

referredtoas Perfluorooctanesulfonamidoacetate in the raw data tables of
FACT TOX 107). (Formula CyF17SO:N(C:HsJCH,COO', N-EtFOSAA),

EIFOSE= narrow Range N-Ethyl Perfluorooctanesulfonamido ethyl alcohol
(Formula CiFy:SO:N(C:H,CHCHOH, N-EtFOSE)

MsS6= Perfluorooctanesulfonamidoacetate (Formula C.F,SO:NHCH,CO0"
FOSAA)

PFOSEA= Perfuorooctane sulfonyl ethylamide (Formula C.F,SONHCH, ,N-
E(FOSA)

Certain other liver samples were analyzed for parent compounds and metabolitesof the
fluorocarbons by LC-MS/MS by Dr. Lin Xu in the laboratory of M. W. Anders
DepartmentofPharmacology and Physiology, University of Rochester using previously
published methods (Hansen et al. 2001). The results are reported in this report and
integrated with the body weight and liver weight data.

Certain other liver samples were sent to Covance in Madison WI and were analyzed for
palmitoyl Co-A Oxidase activity as an indicatorofperoxisome proliferation using a
validated methodbasedon published methods (Lazarow 1981). The principleof the
assay is that in the presenceof palmitoyl-Co-A, the third step of the b-oxidation spiral
involves the reduction of NAD to NADH, which can be measured spectrophotometrically
a1:340 nm. The results were reported the 3M on October 22, 2002 ina letter report from
Covance and the data is included in this report. No formal report was written by.
Covance.
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Results

Biological Parameters
All animals survived to the end of the study. No gross observations were noted during
the in-life phaseor at necropsy.

‘The cumulative doses ranged from approximately 33 to 53 mg fluorochemical in rats, and
from approximately 67 to 123 mg fluorochemical in guinea pigs receiving 40 mg/kg/day.
‘The 160 mg/Kg/day dose group animals received proportionally higher cumulative doses
(Table 1). The body weights ofthe guinea pigs that were dosed at different times were
really different, which accounted for the wide range in cumulative dose in the guinea
pigs. Individual and summary cumulative dose data are shown in Appendix 3.

Average body weights decreased significantly over the dosing period for female rats
given 40 mkd PFOS and 160 mkd N-EtFOSE (Table 2). Average body weights decreased
significantly over the dosing period for male rats given 40 mkd PFOS or FOSA and 160
mkd N-EFOSE or FOSAA (M556). Individual and summary body weight data are
shown in Appendix 4.

‘The male rats given N-E{FOSE at 40 mkd had significantly increased liver weights
(Table 3). Male rats given PFOS at 40 mkd had a significant increase inliverto body
weight ratios. Male rats treated with PFOS, N-EtFOSE and N-EFOSAat40 mkd all had
significantly lowered kidney weights and Kidney to body weight ratios. Female kidney
‘weight and kidney 10 body weight ratios were not significantly different from control
values. Kidney weight data was not obtained for the other dose groups. Individual and
‘summary body weight data are shown in Appendix

Male and female percent of initial body weights on day four were combined for each
dose group and analyzed together. The combined rat percent body weight was
significantly decreased by 40 mkd PFOS, FOSA, and FOSAA,andby 160 mkd N-
EtFOSE (Table 4). The combined guinea pig percent body weight was significantly
decreased by PFOS, N-E{FOSA and N-EFOSA at 40 mkd, and by N-E(FOSE at 160
mkd.

‘Organ weight ratios (liver to body weight and kidney to bodyweight where available)
were combined for males and females independently from each dose group in all parts
ofthe study and analyzed together. Combining the relative organ weights was done to
increase theN for each dose group for analysis and is justified because the organ
‘weights have been normalizedbybody weight. PFOSat40 mkd significantly
increased liver weight to body weight ratios in the rat combined data (Table 5). The
combined male and female guinea pig liver to body weight ratios were not significantly
different from the control group values for anyofthe treatments given. Significantly
increased kidney to body weight ratios were found in guinea pigs treated with N-
EFOSE, N-E(FOSA, or PFOS at 40 md.
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Liver Fluorochemical Concentrations
“The liver fluorochemical concentrations in rats and guinea pig livers are summarized
from the analyses performed at the Universityof Rochester (Table 6), and at the 3M
Environmental ab (Table 7). The individual and summary liver fluorochemical
concentrations data are presented in Appendix 6. The 3M Environmental lab analyzed
liver samples from the PFOS 40 md and the N-EtFOSE 160 mkd rat dose groups and
did not measure fluorochemical levels in the guinea pig livers. Aliquots ofthe livers that
were analyzed by the 3M Environmental lab were also analyzed by Drag Andres lab at
the UniversityofRochester. The individual rat liver data showed that one lotofthe
samples analyzed at Rochester had a high background of FOSA in the control group. The
Rochester analyses tended to have higher PFOS and FOSA determinations than the 3M
Environmental ab, however the values for PFOS are listed as 35% accuracy, for
FOSAA + 50% accuracy, and for FOSA, FOSAA, EtFOSE and N-EFOSA the values are.
listed as qualitative only in the final report (FACT TOX 170). Therefore, the differences
in the measurement of PFOS and FOSA fall within the experimental error inherent with
the methods used.

“The percentofthe dose that was in the liver was calculated for each dose group from the
amountofthe total liver PFOS containing species, derived from the sum of the.
concentrationsofall luorochemical species detected in the liver and designated
TLPFOSX, and for the amountof PFOS itselfin the liver. The amount (mg)ofall
fluorochemical species detected in the liver was derived from the TLPFOSX times the
liver weight. The percent of fluorochemical dosed present in the liver was derived for
both the TL PFOSX and for PFOS itself for the values derived from both the University
of Rochester lab and the 3M Environmental lab (Appendix 6, B and D). In rats dosed
with PFOS, the percent of PFOS dosed present in the liver as PFOS ranged from about 17
1023 percent in both male and female rats, andwas consistent between labs. In guinea
pigs dosed with PFOS, the percentage of the total amount of PFOS dosed that was
present in theliverswas far less than in the rat, between 3% and 5%. Guinea pig livers
were only analyzed at the University of Rochester so a comparison between labs for the
fluorochemical content in the livers ofguinea pigs cannot be determined. However, it can
be seen from the data presented in Tables B and D in Appendix 6 that the TL PFOSX
values derived at the UniversityofRochester and at the 3M Environmental for rats
treated with 160 mg/kg/day N-EXFOSE are about the same at cach lab.

“The UniversityofRochester analyzed both rat and guinea pig livers from animals treated
with either 40 mkd PFOS, N-EtFOSE or N-E(FOSA, or 160 mkd N-E(FOSE. The
TLPFOSX in guinea pigs treated with 160 mkd N-ECFOSE was lower than in the rat,
particularly in the males guinea pigs. The percentofthe dose that was present in the
liver as PFOSX was approximately 2-fold the percentofthe dose present in the liver as
PFOS itself, in both guinea pigs and in most rats treated with N-EtFOSE and FOSA.
However, the female rats treated with 160 mkd N-EWFOSE had greater than 70%ofthe
TLPFOSX as PFOS in thei livers. Conversely, the percentageofthe dose that was
present as PFOS in the liver of rats treated with 160 mkd FOSAA had high levels of
FOSAAitselfand FOSA, with low levels of PFOS,
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Clinical Chemistry

Serum clinical chemistries for rats and guinea pigs are presented in Appendix 7. Clinical
chemistry values were combined from males and females in each species and statistics
were performed.

In rats, cholesterol (CHOL), triglycerides (TRIG), alkaline phosphatase (ALKP), and
aspartate aminotransferase (AST) were significantly lowered in rats treated with 40 mkd
PFOS and 160 mkd N-E{FOSE. Significant decreases in serum potassium (K') occurred
in rats treated with 40 mkd PFOS, 40 mkd N-E(FOSEand40 mkd N-EWFOSA, with the
‘most significant decreases occurring inthe 40 mkd PFOS dose group. Albumin (Alb) and
total protein (TP) were significantly increased by 40 mkd PFOS, and creatinine
(CREAT) was significantly increased in the 40 mkd PFOS and 40 mkd N-E(FOSA dose
‘groups. These changes in clinical chemistry are consistent with previous studies with
PFOS and N-EtFOSE. None of theotherclinical chemistry parameters were significantly
different from control values in rats.

In the guinea pigs combined male and female clinical chemistry analysis, there were no
significant changes in cholesterol, triglycerides, alkaline phosphatase, or aspartate
aminotransferase. Albumin, total protein and creatinine were not significantly changed.
Potassium (K') values for male and female the guinea pigs combined were significantly
reduced by 40 mkd PFOS and 40 mkd N-E(FOSA, similarto the rat. Alanine
aminotransferase (ALT) was significantly increased by treatmentofguinea pigs with 40
‘mkd PFOS.. None of the other clinical chemistry parameters were significantly different
from control values in ats

Palmitoyl CoA oxidase (PCoAO) activity
Hepatic palmitoyl CoA oxidase (PCoAO) activity data for males and females from cach
dose group was combined and analyzed together. PFOS at 40 mg/kg/day for four days
caused a significant increase in hepatic PCOAO activity in rats (Table 8). N-EWFOSE at
160 mkd for4 days did not significantly increase hepatic PCOAO in rats. No significant
change occurred in the guinea pig. Individual and summary PCoAO values for males and
females separately are shown in Appendix .

Peroxisomal enzyme activity and gene expression

The effects of four days of oral dosing of 160 mg/kg/day N-EFOSE or 40 mg/kg/day
PFOS for four on catalase and acylCoA oxidase gene expression and enzyme activity in
liver tissue from exposed rats and guinea pigs are presented in Appendix 9. These data
were presented as a poster at the 2001 Society of Toxicology meeting (Wallace ef al.
2001). Acute exposure of rats to 160 mkd N-Et-FOSE caused a doubling of the specific
activity of LCOAO and a 2-fold increase in the concentration of mRNA encoding for
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PeoAO in liver from both male and female rats (Appendix 9). Catalase activity and
catalase mRNA were unchanged by exposure to 160 mkd N-Et-FOSE in livers from both
sexes. Exposure of ats 10 40 mkd PFOS caused a 2-fold increase in LCoAO activity for
both sexes, and possibly a slight increase in catalase activity in liver from male, but not
female, rats. Acute exposure of rats to 40 mkd PFOS caused a 3- to 6-fold increase in
PCA mRNA expression that was more pronounced in female compared to male rats.

Exposure of guinea pigs to N-Et-FOSE and PFOS did not stimulate LCoAO activity or
catalase activity in either sex. The guinea pig mRNA encoding for PCOAO was
undetectable, even following exposure to N-Et-FOSE or PFOS (Appendix 9).

Treatmentofrats with 40 mkd FOSA caused significant increases in hepatic cytochrome
P450 content and Acyl CoA oxidase activity (Appendix 10). Treatmentofrats with 160
mkd FOSAA caused significant increases in hepatic cytochrome P450 content and Acyl
CoA oxidase activity (Appendix 11). The induced the expressionoftheseof these
proteins in liverofrats indicated that FOSA and FOSAA were peroxisome proliferators
in rat. For the 40 mkd FOSA and 160 mkd FOSAA treated male rats, a 2-fold induction
ofacyl CoA oxidase activity occurred at average liver PFOS concentrations of 193 ug/g.
and 140 ug/g, respectively. These liver PFOS concentrations were lower than the liver
concentrations in the PFOS treatment group.

In FOSA treated rats, the parent compound, FOSA, contributed an equivalentorgreater
fractionofthe total liver fluorochemical as did the FOSA metabolite PFOS and cach of
these fluorochemical species represented approximately 0.3%ofthe dose in the liver. In
contrast, the FOSA-glucuronide present in FOSA treated rats contributed only a small
fractionofthe TLPFOSX (Appendix 10).

In FOSAA treated rats, the metabolite FOSA, and the parent compound, FOSAA,
contributed an 2 to 3 times, respectively, the amount ofth total liver fluorochemical than
did the metabolite PFOS, and represented approximately 0.14% and 0.24% of the dose in
the liver, respectively (Appendix 11).

Taken together, these data suggest that FOSA may be an equally potent peroxisome
proliferator to PFOS in rats, and that the N-acetyl metabolites of N-Et FOSE (N-
E{FOSAA, and FOSAA) are weaker peroxisome proliferators than either POS or
PFOSA. The compounds FOSA and FOSAA, were not tested in guinea pigs.

Discussion
“The analytical data showed that FOSA was consistently identified as a metabolite of
PFOS, whether PFOS was administered directly or formed as a metabolite, but the source.
ofthe amino group is not readily apparent. FOSA was present in someofthe control
samples submitted for analyses at given time, but not in other groupsofcontrol samples
submitted at different times. The formation of PFOSA from PFOS treated animals was
determined in all ofthe liversofall PFOS treated animals that were analyzed at the
Universityof Rochester, and at the 3M environmental lab for the same samples, which
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had no background PFOSofPFOSA in the concurrent control from cither lab.
Clarification of the formationof the FOSA following treatment with PFOS should be:
obtained in further studies. Whatever its routeofformation, FOSA was metabolized to
FOSA N-glucuronide.

N-EWFOSE alcohol gives rise toa rangeofmajor and minor metabolites. FOSE alcohol
could arise from the N-deethylation ofN-EFOSE alcohol, and N-E(FOSAA could arise
by the oxidation ofthe alcohol to the carboxylic acid. Glucuronidation of the parent N-
EtFOSE alcohol would give the observed N-EtFOSE alcohol glucuronides. FOSAA
could be formed by the N-deethylationof N-EIFOSAA or by the oxidationofFOSE
alcohol, or both. FOSA could be formed by the N-decthylation of N-EtFOSA or by the
removalofthe carboxymethyl group of FOSAA as glyoxylate. FOSA N-glucuronide
may be formed by the glucuronidation ofFOSA. Lossofthe carboxymethyl group from
FOSAA would give FOSA or lossofthe glycine moiety would give PFOS directly.

“The correlation ofa fewofthe most significant toxic endpoints to. liver PFOS
concentrations were analyzed by dose group in rats and guinea pigs (Appendix 12).
“The decrease in the percent initial body weight was most strongly effected in rats by
PFOS at 40 mkd and N-EWFOSE at 160 mk to §5% and 87% initial body weight, at
average liver PFOS concentrationsof > 600 ug/g. The percent initial bodyweightwas
also decreased in rats by FOSA at 40 mkd and FOSAA (M556) at 160 mkd to 93% and
95% of initial body weight, respectively, at average liver PFOS concentrations of
approximately 140 t0 200 g/g. A greater fractionofthe total fluorochemical in the liver
ofthe FOSAA treated animals was presentas the parent compound or as the metabolite
FOSA. Similarly, the FOSA treated animals had a high liver concentrationof the
unmetabolized parent compound. Thus these perfluorosulfonamide fluorochemical
species likely contributed to the body weight effec to a greater degree than the
metabolite PFOS in the FOSAA and FOSA treatment groups.

“The rank orderofthe effectofthe different treatment groups on increases liver weight to
body weight in rats was PFOS at 40 mkd > FOSA at 40 mkd > N-E(FOSE at 160 mkd >
FOSAA at 160 mkd occurring at average liver PFOS concentrations of> 600 pig/g for
PFOS and N-EtFOSE, apprximately193 ug/g for PFOSA, and 140 ug/g for FOSAA
treated animals, respectively. ~All dose groups had increased liver to body weight ratios,
but only the liver to body weight ratiosofthe PFOS treated rats were significantly
increased compared to control values by Dunnett's t-test ~ Correlationofthe clinical
chemistry endpointsofpotassium, cholesterol and triglyceridesto liver PFOS
concentrations in rats are not shown due to the limited numberofdata points for cach
determination.

‘The decrease in the percent initial body weight was most strongly effected in guinea pigs
by N-EFOSE at 160 mkd and PFOS at 40 mkd andto 91% and 93% initial body weight,
ataverage liver PFOS concentrations of 419 and 171 g/g, respectively. A greater
fraction of the total fluorochemical in the liverofthe N-E{FOSE treated guinea pigs was
present as the metabolites FOSAA and N-EtFOSAA than occurred in rats. Thus, these:
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perfluorooctanesulfonamide fluorochemical species likely contributed to the body weight
effect in guinea pigs. These data suggest that rats metabolize N-EtFOSE to PFOS more
quickly than guinea pigs, perhaps due to the inducibilityofcytochrome P430s in rats, as
were shown in this report for rats, but was not determined for guinea pigs

‘The percent initial body weight was also decreased in guinea pigs to 94% initial body
weight by N-Et FOSA at 40 mkd and growth was held to 99% initial body weight by 40
‘mkd N-E{FOSE, at average liver PFOS concentrationsofapproximately 100 ug/g in the
N-EIFOSA treatment group and 66 g/g in the N-EXFOSE treatment group, respectively.
Only PFOS and FOSA were analyzed for in the liver ofthe N-EWFOSA treated guinea
pigs. However, the 40 mkd N-E(FOSE treatment group guinea pig livers had a large
fractionofthe total fluorochemical in the liver present as the metabolites N-E(FOSAA
and FOSAA which when combined, were equal to or greater than the concentration of
PFOS in the liver and thus may have made a significant contribution to the observed
effects on body weight.

The liver weight to body weight ratios in guinea pigs, in contrast to rat, were all
decreased, although non of these changes were significantly different than control. The
rank orderof the decreased liver to body weight effect in guineapigswas N-E(FOSA at
40 mkd > N-EXFOSEat40 mkd > PFOS at 40 mkd > N-E(FOSE at 160 mkd. This order
is roughly the inverse orderof the decreased body weight effect in guinea pigs for cach of
these dose groups. Given the lack of the liver responses in guinea pigsofeither
hepatomegaly or inductionofperoxisome proliferating enzymes coupled with the fact
that an Intraperitoneal injection of 100 mg/Kg PFOS caused death in guinea pigs bu not
in ats (See DTIS A), suggests that the peroxisome proliferation in the rat sa protective
mechanism.

Correlation of the clinical chemistry endpoints in guinea pigs showed that the rank order
ofthe effectofthe different treatment groups on decreased serum potassium levels was
PFOS at 40 mkd > N-EWFOSA at 40 mkd, occurring at average liver PFOS concentrations
of 148 ug/g and 100ug/g, respectively. In contrast, treatmentof guinea pigs with 40
mkd N-EXFOSE had no effect on the Serum potassium levels at average liver POS.
concentrationsofapproximately 45 g/g in female and 88 g/g in male guinea pigs.
Cholesterol and triglycerides concentrations in guinea pigs were not significantly
different than control values, and showed no particular trend between dose groups or
strong correlation to liver PFOS concentrations.

Conclusions
All treatments caused increased liver to body weight ratios in rats but not guinea pigs,
with the increase caused by PFOS being the greatest among all the fluorochemicals
tested. The evidence revealed the classical signs of peroxisome proliferation in rats, but
not guinca pigs, caused by these acute exposures. These data provide strong evidence
that: 1) N-E-FOSE and PFOS stimulate both the transcriptional and translational
expression of acylCoA oxidase in ats in vivo, and 2) there is a marked difference in the
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response of rats and guinea pigs 10 in vivo exposure to these two fluorochemicals. These
results are very consistent with the suggestion that these fluorochemical compounds are:
“peroxisome proliferators” in rats and, much like what has been demonstrated for the
classical “peroxisome proliferator” chemicals, guinea pigs are resistant to ths effect of
fluorochemical exposures.
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Summary Tables

‘Table 1. Average CumulativeDose
Variable =
Cumulative Dose_ng)

sex
seectes 005E_GRO r u
or cont Noa a

Mean 0.0 0.0
so 00 0.0

N-BtROSMORKA NX 2 2
ean 98.6 122.5
5 3.9 0.0

N-ELFOSEIGOMKA NX 2 2
ean 163.4 163.8

43 as
N-EeROSEAORKA NX 2 2

Mean 102.2 17.6
0.6 4.0

erOSd0mkd Na 4
Mean 66.7 75.0
so 32.4 ale

® Mss6-leomkd  N Missing 3
Mean Missing 166.1
sD Missing 1.5

cont Na 7
dean 0.0 0.0
so 0.0 0.0

FOSMOmkg N issing 3
Mean Missing 40.0
sb Missing 1.3

N-Btrosadomkd NX 2 2
Mean 36.6 51.2
so 1b 0.5

N-ELROSELGOMKA NX 2 2
Mean 124.3 179.5
so 2.8 6.3

NELFOSEAOMKA  N 2 2
Mean 39.1 52.6
so 1.4 0.1

Prosdonkd Na 4
Mean 33.2 46.8
so 3.3 3.2

1



SRPTT-6295.8,T-6316.4, T-6868.2,T7071.1, T-7132.1
DTISB

‘Table2.Summary ofBody weights and BWchan
es
F w

SPECIES DOSE_GRO BWDO  BWDA(g) BW.DO IEWDD  BWDA(g) BW_DO
(© ©

oe cont Ns a a 4 4 4
Mean 451 a4 107 69 503 110
so 234 223 6 216 240 6

»- No 2 2 2 2 2 2
EFOSA4OmKS

Mean 617 587 95 70 726 9
18 25 1 1 4 1

¥- N2 2 2 2 2 2
EFOSE160mkd

Mean 253 233 02 255 233 3)
so 6 a a 5 10 1

- Nz 2 2 2 2 :
EXFOSEOmkd

Mean 635 CI 736 73 100
so 0 2 0 30 31 0

Prosdomkd Na a 3 h 4
Mean 425 398 9 0 az 01
so 213 195 2 278 23 8

® MS56-160mkd N Missing Missing Missing 3 3 3
Mean Missing Missing Missing 258 ogg! gg!
SD Missing Missing Missing 8 1s 9

cont Na i i 7 2 1
Mean 204 am 103 27 297 107
so 7 7 2 19 18 2

FOSAdOmkg Missing Missing Missing 3 3 3
Vean Missing Missing Missing 253 3s! gg
SD Missing Missing Missing 6 16 a

§- Nz 2 2 2 2 2
EXFOSAGOmKd

Mean 214 208 97 303 310 102
so 8 3 2 I 1 1

N= v2 2 2 2 2 2
EXFOSE160mkd

mean 201 st ert 286 os! est
sos 1 3 8 29 8

N- Nz 2 2 2 2 2
EtFOSE40mkd

Mean 228 20 101 32 36 100
sD 6 3 hl 1 1 0

Prostomkd  N 4 1 4 1 a 1
Mean 205 se 290 ot grt
sp 1a 15 4 12 15 3

Significantlydifferent fromcontrol valuesbyDuets Lest.
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‘Table3.Summary ofOrgan weights and Organto BodyWeightRatios.
RLA

F M
SPECIE DOSE LV LWB KW KWBW LW LWB KW  KWBs GRP © Ww © no © W © Ww
ap Nt Na 4 2 2 442 2

Mem 196 0043 43 0006 197 0039 46 0006
sD 77 000s 01 0001 101 0003 09 0001

NEFOSA N 2 E 2 2 2 2 2 2soma
Mem 188 002 45 0008 267 0037 55 0008
sD 14 oo 05 0001 26 005 01 0000NEFOSE N 2 2 0 0 2 2 0 0160mkd
Mean 93 0040  Mising  Mising 86 0037 Mising Missing
SD 05 0003 Mising  Mising 01 0001 Mising Missing

NEFOSE N 2 2 2 z 2 2 2 2Aomkd
Mean 208 003 s2 0008 264 003 Ss 0007
sD 1s om 00 000 18 ool 01 000POS ON 4 4 2 2 4 2 2Aomkd
Mem 138 0035 41 007 164 0038 SO 0008SD 69 0003 01 000 95 0004 01 00013 MSS N Missing Mising Missing Mising 3 3 0 0160mkd
Mean Missing Mising Missing Missing 108 0044 Missing Missing
SD Missing Mising Missing Missing 00 0003 Missing Missing

CONT Na 4 2 z 77 2 2
Mem 81 008 19 0000 121 00a 29 009
SD 09 0003 01 0000 14 0005 00 0000FOSA  N Mising Missing Missing Misig 3 3 0 0omg
Mean Missing Mising Missing Mising 107 0046 Missing Missing
SD Missing Missing Mising Missing 01 0003 Missing Missing

NEFOSA N 2 2 2 2 2 2 2 2Aomkd
Men 80 00% 18 0008 141 0046 25 ooos'
sD 04 oom 02 0001 03 0001 01 000NBFOSE N 2 2 0 0 2 2 0 0160mkd
Mean 74 0042 Missing  Mising 121 0048 Missing MissingSD 01 000  Mising  Mising 13 0000 Missing Missing

NBFOSE N 2 2 2 2 2 2 2 2omkd
Mem 99 0043 20 000 1sol 0047 27 gos!
sD 01 00 02 0001 12 00s 01 000PROS ON 4 4 z 2 $a 2 2omkd
Mem 82 oo! 17 000 132 go! 22 os!
SD__07___oo0 01 000 12 000+ 00 000

Significantlydiffrent from control values by Dunnett's vest
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‘Table 4. PercentInitial Body Weight, Combined Data
SPECTES DOSE GRO. 54 D0
oF Cont TF

Mean 108
so 6

N-EFOSMOmKE Nd
Mean gt
so 1

N-EFOSEIGOmKd N 4
Mean gat
so 2

N-ECFOSE4OMKE  N 4
Mean gt
so 1

PrOS4Omkd Nos
Mean gf
so 5

Rr cont Nou
ean 106
so 3

N-EtFOSEAORKE  N 4
Mean 101
so 2

N-EtFOSAMOmKE  N 4
ean 100
so 3

Msse-l60mkd MN 3
Mean gg!
so 9

FOSA4OmKg No3
ean gt
so 4

N-EtFOSEL6OmKA N 4
ean gst
ss

PFOS4Omkd No
ean gg!
sp 3

"Significantlydiffrent from control values by Dunnett’ test
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Table 5. Liver- and Kidney- to Body Weight Ratios, Combined Data.

Yow Bou bone

woes gm

‘Significantly different from control values by Dunnett's t-test
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‘Table 6. Liver Perfluorosulfonamides and Metabolite Values from Rats and Guinea
Pigs. Analyses performed at the University of Rochester.

(Al its are
SPEC SEX DOSE FOS FOSA_ FOSAR FIFOSAR FOSE ELFOSE WETFOSE FOSA
ES ore Roc _RoC _R ROC MC ROC _gluc. _gluc

RoC
wf om §_T 7 CR] [ o °

Mean NA NA NA WA NM Wm wn
sO MA NA NA NA Mow Wm Nm
oN 2 2 oo oo o 2

EtrosA
donk

Mean 104.6 0.6 NA WA Mom om 0.2
so 30. ols wm om MOM om 0:0

NN 2 2 2 2 2 2 2 2
EtFoSE
T6omkd

Mean 350.2 16.2 217.9 388.2 28.7 1.9 6.1 0.3
so 3391s 7.00 10300 sed 0.8 07 35 01

NN 2 2 2 2 2 2 2 B
EtFOSE
0mkd

Mean 44.7 7.1 30.4 105.0 3.2 0.9 1.2 0.3
so 453 3s ez 20.5 1.4 01 02 00

pros NW 3 3 oo 0 0 ° °
0mkd

wean 140.8 24.3 Ww WA mom om »
sp 11005 37.5 wm mA MMM Nn

Mo cor oN 1 0 oo 0 0 0 0
Mean 0.1 NA NA NA mow om nm
sO NA NA MWA MN Wm NA
on 2 2 oo oo 0 2

EtFosA
0nd

Mean 96.3 0.5 WA WA mow om 0.1
so 230 02 wm mA Mom om 0.0
on 2 2 2 2 2 2 2 2

EtFosE
T6omkd

Moan 488.6 8.2 129.4 261.6 16.0 2.3 2.0 0.5
sp 59.8 4l6 s6.4 113.8 8.3 0.2 1.1 00

NW 2 2 2 2 20 2 2 2
EtFosE
0mkd

vean 88.4 4.9 28.2 54.0 3.5 1.3 0.4 0.4
sp 840 03 8.6 1.6 16 os on 00

pros nN 4 a oo oo ° °
0mka

Mean 194.5 41.7 NA WA mow om nm
sp 138 33.1 NA mA MoM om NA

RF car XN 1 2 oo oo 0 0
Mean 0.0 4.4 WA WA mom om NA
so WM 04 mom Mow om »
on 2 2 2 2 2 2 2 #

EtFosE
T6omkd

Mean 891.9 18.1 67.5 201.5 47.2 6.4 0.2 0.2
so 3.6 14 s.8 33d 246 1s 01 0:0

pros N 2 27 0 0 0 0 0 0

u



SRPT T6295, T-63164, T-6868.2, T-10711, T-1132.1
DTISH

Toned
vean 866.4 18.3 NA WA mow om n
sp 130 2.2 wm MON om NA

M wsse N03 3s o ° 0 o o
L60mkd

ean 140.3 316.8 $55.2 WA mow om wa
sp 8s. 11411 11308 Ww NON NA

cor NX 2 so 0 LN) 0 o
Mean 0.0 109.2 NA NA mow om NA
so 00 13s MW MON om NA

rosa N03 30 ° oo o 3
0mkg

ean 193.4 177.9 NA WA mow om 0.4sp 26.8 16.2 NAM Mow om 01
oN 2 2 2 2 2 2 2 2EtFosE

T6omkd
vean 1124.3 18.5 94.3 294.6 12.1 3.8 0.3 0.1sp 166. 9.5 237 nsl8 2.5 1.2 0.0 0.0pros WN 2 2 0 ° oo 0 o0nd
vean 969.9 17.8 NA mA mom om A
sp 88.2 19:5 WA wa NNW NA
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‘Table 7. Summary of Liver Perfluorosulfonamides and Metabolite Values from
Rats and Guinea Pigs. Analyses performed at the 3M Environmental Lab.

SPEC SEX TOBE EOS FOS TTR W
TEs are C3 3M ECFOSM ECFOSE 3M ECROSA_3M

=u EN
TF ww FT 7 7 TO

Mean 0.151 0.0 0.2 MA 0.1 NM
so NA 00 00 NM Nm

NN 2 2 2 2 2 1
Ecrose
L6omkd

Mean 604,000 109.0 244.5 302.5 118.5 0.9
so 5.657 11.3 20.7 61.2 13.4 Na

pros WN 2 27 2 0 2 0
a0mka

Mean 803.500 0.1 0. WA 0.4 mA
so ers 00 00 wm 00 ma

® car N 2 2 2 0 10
Mean 0.298 0.0 0.2 NA 0.1 WA
so 013 00 01 wm NA mW

Non 2 2 2 2 2 2
Etrose
160mkd

Mean 908.000 89.0 317.5 147.0 169.5 0.4
sD 0.510 9.5 17.7 42.4 10.6 0.1

pros Ww 2 2 2 0 2 0
a0mkd

Mean 800.000 0.1 0.3 NA 0.1 ma
sb 16.57 00 00 wa 00 wa
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‘Table § Hepatic Palmitoyl CoA Oxidase Activity, Combined Data

SPECIES 0% GRO FORT
2 Cor CI]

Nean 2
so 0.8

N-EtFOSMMOmKA Nd
ean 2
so 1.0

N-BtFOSEléOmkd N 3
ean 3
so 0.6

NeEtEOSEAOmKd Nd
Mean 2

0.6erose0nkd x 7
dean 3
so 1.6

® con x7
ean 6
so 3.2

N-EROSEIGORKE Nd
dean 13
so 1.6

erosd0nkd vsean gt
so 5.

Significant diferent from control values by Dunner’ List.
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Appendix 1. Deviations to the Protocol

‘The 3M Medical Department identification number for N-Ethyl
perfluorooctanesulfonamide, T-6868, was not listed in the protocol.

‘The protocol used abbreviations for N-Ethyl perfluorooctanesulfonamide (T-6868) of
PFOSA and FX-12. Protocol amendment number2 lists the abbreviations for
perfluorooctanesulfonamide (T-7132)as FOSA, PFOSA and FOSAmide. The
abbreviations used in this report for N-Ethyl perfluorooctanesulfonamide was N-E(FOSA
and for perfluorooctanesulfonamide was FOSA.

“The protocol stated that the animals would be dosed on days “zero through 4of the
study”. That was atypographical error, as evidenced by the fact that even the example
calculation in the protocol was for a 4-day dosing period, nota 5-day dosing period. The
actual dosing period was for days zero through threeofthe study, and the animals were
sacrificed n day fourofthe study.

Animals were not weighed in most cases on day oneofthe study, and in some cases on
day threeofthe study. In those instances, the previous days’ body weights were used for
determinationofdosing volume.

Protocol amendment #2 stated the Dr. M. Wempe at the University of Rochester would
‘perform the metabolite analysisof the liver samples from animals treated with T-7071.1,
T-7132.1. Due to personnel changes, Dr. Xin Lu at the University of Rochester
‘performed these metabolite analyses instead.

Kidney weight was not obtained during necropsy under amendment number 2 on 3/5/99.
Clinical chemistry was not performed on all serum samples.
Histological evaluation ofliver, kidney and tests were not performed. Serum
‘perfluorosulfonamides and metabolite values were not obtained.

Induction of mRNA for the following genes associated with peroxisomal proliferation
andor cell replication were not analyzed for in liver: Peroxisome Proliferation Activating
Receptor (PPAR), Liver fatty acid binding protein (L-FABP) and Proliferating Cell
Nuclear Antigen (PCNA).
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Appendix 3. Cumulative Dose Individual and Summary data.
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E. Technical Report: Liver Fluorocarbon Metabolites — University of
Rochester.

Title:
Summaryof Quantitative Analysis of Fluorocarbon Metabolites in Rat Liver Samples

Lin Xu and M. W. Anders
“This i.brifsummaryofthe analysisof iver samples from rats given a ran offluorocarbon,“The parent and metabolitesofthe uorocasbonswere determined i iver samples by LC-MSAMS, The

resus are presented below:

“Thre groups ofiver samples were analyzed: The fist group (Group 1) consistedoflivers fom
control rts, from rats given 40 mg/kg/day FOSA oraly, and from ats given 160 mg/kg/day FOSAA
(MSS6) orally. The concentrations ofparent compounds and ther metabolites in fvers were measured
(Table 1). The data show tat PFOS was the major metabolite found i the livers ofrats given FOSAG
FOSA N-glucuronide vas identified as a minor metabolite. Two metabolites were identified in th vers
of ats given FOSAA (M36): PFOS and FOSA. It is noteworthy that the control animals (IRO0742,1R00743, and 1RO0743) contained significant concentrationsof FOSA. A parallel snalyssofvers from
Fischer 344 ats maintained i the UniversityofRochester Vivarium did not show detectable
concentrations of FOSA.

“The sccond group (Group 2) ofrats was tread in November, 1998. Group2 contained livers
fiom control rts, from as given 40 mg/kg/day PFOS anally, from rats given 40 mg/kg/day N-EFOSE
alobol ral, and rom rts given 40mgkgday N-EIFOSA orally. The concentrationsofpart
‘compounds and idenifcd metabolite are shown in Table 2. The data show that livers from rats given
PFOS containd parent compound PFOS; FOSA was also found in these samples. The fives fom ats
siven N-EAFOSE alcohol contained several metabolites. Themajor metabolite were N-EIFOSAA, PFOS,
and FOSAA (MSS6). The minor metabolites were FOSA, FOSE alcohal, N“EFOSE alcohol ghucuronide,
and FOSA N-lucuronide. PFOS was the major metabalic in lives from rats given N-E(FOSA; FOSA
and FOSA N-glucaronide wer identified as minor metabolites. In contrast o Group 1, the ivrs rom
control rts did not contain detectable concentrations ofparent compounds o metabolites.

“The third group (Group 3) was tested in March, 1999. Group 3 contained livers from control
ats, from ris given 40 mgkgday PFOS orally, and from rats given 160 m/ke/day N-EAFOSE alcohol
orally. The concentrations of the chemical and metabolic are shown in Table 3. As with Group 2, FOS
and ow concnirtions ofFOSA were identified i livers fom ras given PFOS. Inthe vers ofras given
A-EIFOSE alcohol, \-EIFOSAA, PFOS, nd FOSAA (MSS6) were identified asmajormetabolic, and
the minor metabolites identified were FOSA, FOSE alcohol, V-EIFOSE alcohol glucuronide, and FOSA N-
slucuronide. Similar to Group I, control animals showed detectable hepatic concentrationsofFOSA.
Discussion: These data alow conclusions abou the vera metsboli ueofthe fluorocarbon studied (sc
Scheme), but donotallow inferences about he exact routesofmetabolite formation. FOSA was
consistently identified as a metaboliteof PFOS, whether PFO was administered dicey or formedas a
metabolite, but the sourceofthe amino group i no readily apparent. Whatever is routeofformation,
FOSA was metabolized to FOSA N-ghucuronide

N-EFOSEE alcohol gives ise 0.2 range ofmajor and minor metabolites. FOSE alcohol could
aise fromth N-dcthylationof-EUFOSE alcohol, and N-EtFOSAA could arise by the oxidation ofthe
alkohol to the carboxylic acid. Glucuronidationofthe parcnt N-EFOSE alcohol would give the observed
N-EAFOSE alcohol glucuronides. FOSAA could be formed by the N-decthylationof N-ECFOSAAofby the
oxidationof FOSE alcool, or both. FOSA could be formed by the N-decthylationof N-EIFOSAorby the
removal ofthe carboxymethyl group of FOSAA as glyoxylate. FOSA N-glucuronide may be formed by
the glucuronidation of FOSA.
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“The ftof FOSAA appears relatively straightforward. Lossofthe carboxymethyl group would
sive FOSA or loss ofthe glycine moiety would give PFOS directly.
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TILLER
pris

A. Statistics on Clinical Chemistries for rats, male and female values combined.
(CHOL mid. By Dose Group (mg/Ko/day)

Oneway Anova
Summary of Fit

Rsquare 0701781Rquare Adj 0631612
RootMeanSquareEror 1084141
Moan of Response. 252273Observations (or Sum Wats) 2

Analysis of Variance
Source DF SumofSquares  MeanSquare  FRatioModel 4 530.1636 15254 100013Eror 7 19250750 11326 Provo[3 21 64552385 W739 00002

Means for OnewayAnova
Level Number Mean  StErmorCONT 8 sem sreNEFOSAOmKY 4 wo 531NEFOSET60mka 1 500000 10841NEFOSEdOmid 4 To ssPFOSA0mkd 5 S010 4759
StdErroruses apooledestimateof error variance

Means and Std Deviations.
Level Nomber Mean  SUDev SW ErMoanCONT 8 mers 76082 26888NEFOSAOmKY 4 sooo sem 27386NEFOSE160mka 1 500000 ? 7NEFOSE4Omkd 4 T3000 116s ssa27PFOSAOmKY 5 501000 16249 72670

Means ComparisonsDifMean(l-Moan] CONT ~ NEFOSAOmki  NEFOSEAOmkd  PFOSIOMKI  N-EIFOSEf60mkdCONT 0000 38750 1870 347750 48750NEFOSAtOmId 28750 0.0000 80000 30000 31.0000

n



TILLER
TIS

NEFOSEdOmd 118750 8.0000 00000 229000 22.0000PFOSA0mK a750 30.9000 2300 00000 0.1000NEFOSET60mkd Sa8750 310000 230000 0.1000 00000
Apa 005

‘Comparisons for each pair using Students tt
210080ASOILSD CONT NEFOSMOmki  N-EFOSEAOkS  PFOSIOmkd  N-EIFOSE160mkdCONT 112286 “987% 8738 219758 110618NEFOSAOmK 987% 15.8755 T8755 58392 58087N-EFOSEdomkd “18736 78755 158755 78392 2.1013PFOSAOmKY 210758 15832 7832 14064 214982NEFOSET60mid 10618 5.8987 21013 244se 31.7509

Positive values showpaisofmeans that ae sigifcanty diferent.
‘Comparisonswitha conrl using Dunnett Method

]274180
Abs(DAILSD CONT
CONT 145888NEFOSAdOmd “139628
NEFOSEOmid 5.9928
PFOSAomK 18.1412
NEFOSE160mka 30275
Positive values showpaisof means tha ao signfcantydierent.Cholesterol in rats male and female combined for DTS, Sig reductionby40 mkd PFIOS and 160mid N-EIFOSE.
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‘Oneway Anova
‘SummaryofFit

Rsquare 028157
RSquaro Ad 0.101962
Root Mean Square Eror 0.418828
Moan of Response 1975
Observations (or Sum Was) 16

Analysisof Variance
Source DF SunofSqares  MeanSquare  FRaoModel 3 08250000 0275000 1.5677
Eror 2 21050000 0ST ProvoCoal 15 29300000 019533 02484

‘Means for Onevay Anova
Love! Nomber Mean Su ErorCONT 4 12150 020041
NEFOSAtOmId 4 iiss 020841
NEFOSEdomkd 4 1880 020041PFOS40mid 4 12200 020841
Std Error uses apooledestimateoferrorvariance.

Maans and Std Doviatons
Level Nomber Mean  SuDev  StErMeanCONT 4 12150 0567 02123NEFOSAOMd 4 11s 0.189207 000465NEFOSEdOmkd 4 ties oserevi 028305PFOSAOmKd 4 22000 0216025 0.10801

Means Comparisons
Di-Meanfl-Meanl] ~~ PFOSIOMKd CONT  N-EFOSAWOmKS  N-EFOSEomkdPFOSA0mHd 0000000 0.050000 0275000 0575000CONT 005 0.000000 0225000 0525000NEFOSAdOMY 0275 025 0.000000 0300000NEFOSEdOmKS 057s 0828 03 0000000

Alphas 005
ComparisonsfoeachpairusingStudentst

t
2.17882AbS(DILSD PFOSIOmAd CONT  NEFOSMOmki  NEIFOSEAOmKSPFOSA0mkd 08427 059527 “037021 “007027cont ose 064527 42027 “012027NEFOSAtOmId 031027 0.42027 “osas27 “034527NEFOSEOmkd oor2r  ora02r 034827 “osisar

Positivevaluesshowpaisofmeansthataresignicanty ferent.
‘Comparisonswiha control using Dunnett Method

dl268204
AsDILSD CONT
PFOSAOmd 074487
CONT “079487
NEFOSAtOMK 0.56957
NEFOSEdOmkd 0.26957
Posiive values show pais of means tha ae signifcanty
dierent,

PHOS mg/dL By Dose Group (mg/kg/day)
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NEFOSEAmI wet[a 00s
OnowayArora
SummaofFit

Rsquare osiertRSquareAd 0300039FoolMean SquaroErr osorrtMean ofResponse arizsObservations (rSumWots) Ts
AnalysisofVarianceSource OF SumofSquares MeanSquwe  FRatioNode! 3 sarees Pes 378Eror 2 9487500 079083 ProvoFCowl is 17964375 197 odo
MeansforOnewayAnovaLovet Number Mean Su Erorcont Tm ossNEFOSAtOmd 3 Si ousNEFOSEOmkd 30 ossPrOSiOmd 3 wm osu

516 Eroruses apooledestimateofaorvarianceMeansandSdDavatonsLovet Nombor Mean  SuDev  SWErMemcont Gms ozs 013700NEFOSAtOna 3 shoo romw 05408NEFOSEOmka i 00 oss 032404PROSiOmd + sto zen agar
MoansComparisonsDicMeanf Meant] CONT NEFOSEAOmkd  N-EFOSAIOmkd  PFOSiOmdCONT’ 000000 072500 172500 1.72500NEFOSEdOmd 072500 000000 Too rooNEFOSAiOma 72500 100000 000 oooPrOSiOmd 72500 So0000 00000 000000

Aptos 00s
Comparisonsor eachpar using Students

:27802ADS CONT “NEFOSEAmks  N-EFOSAIOm  PFOSiOmkdCon 136081 asst 035508 035500

7s
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NEFOSEMMG 084491 1.30091 03001 036001NEFOSAOMKd 0.35500 “036991 36991 136091PFOSAOmKd 035509 “036091 3e91 136091
Positive valuesshowpais of means tha arosignificantlydiferent.Maleandfemale atscombinedCa andPhos clinica chemistries.Nosigchangefromconirol.
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TILLER
TIS

‘Onevay Anova
SummaryofFit

Require 085514
RSquaroAdj 0377201
Root Mean Square Eror 0060491
MoanofResponse 0358333
‘Observations (orSum Wats) 2%

Analysisof Variance
Source OF 'SumofSquaes  MeanSquare  FRaioModel 4 008658333 ootess samsError 19 009175000 000420 ProvoCoal 2 017833333 ogorrsa 00102

Meansfor OnewayAnova
Lovel Number Mean  StdEror
CONT 8 037500 002457NEFOSAtOMKY 4 027500 0075NEFOSE 160m 3 0400000 00012NEFOSEdOmkd 4 ors00 003475PFOSAOmkd 5 040000 003108
Std Error uses a pooled estimateoferorvariance.

‘Means and Std Deviations
Lovel Number Mean  SUDev SEM MeanCONT 8 037500 003635 001250NEFOSAdOmS 4 0275000 0.050000 002500NEFOSE 60m 3 0400000 0.000000 0.00000NEFOSEdOmkd 4 02700 0095743 004787PFOSA0mK 5 0420000 0.108545 004890

‘Means Comparisons
DiMean(l-Meani]  PFOSAOmkd  NEFOSE160mkd CONT  NEFOSMOmkd  N-EIFOSEdOmkdPFOSAOmd 0000000 0020000 0032500 0.145000 0.145000NEFOSE60mkd 002 0000000 0012500 0.125000 0.125000CONT 0.0325 00125 0.000000 0.112500 0.112500NEFOSAOmkd 0.145 0125 01125 0000000 0000000NEFOSEdOmd 0145 018 01128 0000000 0.000000
Aphas 005

Comparisonfo each pai using Student’ t+
209301AbS(OILSD PFOSAOmAd  N-EFOSE1SOmkd CONT  NEFOSMOmkI  N-EIFOSEAOmAdPFOSAOmd 0.09199 0082 005082 0047433 0047433NEFOSE160mkd “008622 017s 008597 0013915 0013015CONT 0.05042 008807 007212 0020434 0023434NEFOSALOmid 0047433 0013915 0023434 0.10284 0.10288NEFOSEdOmid 0047433 0013915 0023434 010284 “010284

Positive values show parsofmeans that aro signicanty diferent,
‘Comparisons with a control using Dunnett's Method

dl270438
AbSILSD CONT
PFOSAOmKd 007484
NEFOSEIGOkd 0.1473
CONT. 0.00396
NEFOSAtOmKd 0.00268
NEFOSEsOmid “0.00258

7%
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Positive valuesshowpaisof meansthatare significantaieront.
Aboveifor ratTBIL, maleandfemalcombineddata. no igchanges.

”
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TILLER
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‘Oneway Anova
‘SummaryofFit

RSquare os98877
RSquare Ad 0.506072

RootMeanSquareEror 0315634
Moan of Response 3782174
‘Observations (or Sum Wats) 2%

Analysisof Variance
Sour OF SunofSqaes  MeanSquare  F RaoNode! 4 2641413 oesios  eesszEror 18 17032500 0000625 ProvoCowl 2 44373913 020700 00018

Means for Onevaay Anova
Level Number Mean Su ErorCONT 8 sss 011159
NEFOSALOmId 4 37000 ose
NEFOSE160mks 2 32mm 022319
N-EFOSEsomid 4 3ss0 ose

PFOStOmd 5 4300 014116
Std Error uses a pooled estimateoferor variance

Means and Std Doviatons
Level Number Mean  SWDev  SidErMeanCONT 8 36180 0387068 0.13685NEFOSAdOmd 4 370000 0316228 01811NEFOSE160mka 2 32800 0212132 0.15000NEFOSEdomid 3 357s0 0150000 007500PFOSAOmkd 5 436000 0288097 0.12884

Means Comparisons.DiMean(l-Meanl] ~~ PFOSAOmkd  NEFOSAOmkd CONT  NEWFOSEAOmkd  N-EFOSE160mkdPFOSAOmkd 000000 066000 074750 078500 1.11000NEFOSAOmK 066000 000000 008750 0.12500 0.45000CoNT “074750 008750 0.00000 003750 036250NEFOSEdomk “078500 012500 005750 0.00000 032500NEFOSEI60mi “1.11000 045000 036250 0.32500 000000
Apha= 005

Comparisons for each pair using Students t
t

210091Abs(DILSD PFOSAOAI  NEWFOSMOTK CONT  NEWOSEAOmkd  N-EFOSE160mKdPFOS4omkd 041939 0215168 0.360464 0340166 0555195NEFOSAdOmKd 0215166 04689 031888 0.3439 01228CONT 0369464 031858 03316 0.36858 6174NEFOSEOmid 0340168 0343 036858 0.4689 “021528NEFOSE160mkd 038515 012028 016174 “024528 “08312
Positive values show pais of means tha aesignificantly diferent.

‘Comparisonswith acontrolusing Dunnett Method
]272184

Abs(DAILSD CONT
PFOSAOmKd 0257735

NEFOSALOMKY 0.43850
CONT “0.42985
NEFOSE4Omkd “048850
NEFOSEISOm 0.31668

st



TTL
ors

Posievaluesshowpis of meanstht ar snfcantyafoot178DoseGrou

ES
1s Cl

1..9
ISN XEY AY

eo \
Tar atom weroRomeroteis i |eroscisemoss Sets onaosoGroup(ng) 00s 00s |

Oneway Arora
Summaryof Fi

Rsquare osmasz2
RSquaroA 060256RootHaanSaoErr 036105
Mean ofResponsa S8sTe
Observations (orSumWeis) =

Arissof Variance
Soa OF SumofSumes  MemSmme  FRaoVoda s Sachin "zoe axeErnor » 23502500 OT povrCrow 2 Taare oe oom

Means forOnyArveLovet Nomber© Mean SuErorcont asm omerNEFOsAomia § eso oraNEFOSE TSO 2 sao  ozssesNEFOSEiomia i G70 oraocsProSiomd 5 Tew omer
StdEroruses apooled estimateofarrvariance.

MeansanaSaDeviationsLovet Number Mew Suey  SuErNemCot Taste omen oonNerosnoma 4 essoo0  oasan 03274NEFOSE Soma 2 sao Oawass 00NEFOSEdoma i ems oor ooseProsdmia 5 Teo oom Oise
MeansComparisonsDi-Vearf}Mearl]  PFOSIOnkd  NEFOSAMOM NEFOSEAOm CONT  NEFOSEfGOmkPFOSIOmd 000000 075000 aae0 137750 144000NEFOSADN 079000 200000 corse 03750 068000NEFOSEdomkd “oses00 207500 0000 026260 087500Con Rims 33750 026250 000000 031250Nerosetsoma Rp ss000 D570 0120 000000
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NEFOSAtOmId 4 wes 04mNEFOSE60mkd 2 2100 4313N-EFOSE4omid 4 Zma7Ts0 304%PFOSOmkd 5 ure 272m
StdError usesapooledestimateoferorvariance

Means and Std DeviationsLevel Number Mean  SuDev Sur MeanCont 8 20350 ares 31073N-EFOSAOmid 4 so 199416 SartNEIFOSE60mit 2 21100  4ss6% 33.000NEFOSEdOmid 4 mars asses 2816PFOSAOmKd 5 M760 286671 2820
Means ComparisonsfMoan( Mean] PFOSOmid  NEFOSMOTKY CONT  NEWOSEAOkd  N-EFOSET60mKdPFOSAOKY 0000 25100 sa100 62850 138.600NEFOSAMOmIA 25.100 0000 29000 37750 111500CONT 54.100 29000 0000 8750 82500NEFOSEsOmid 52850 377% 8780 0000 73750NEFOSE60mkd 136600 180 82500 73750 0000

Alphas 005
(Comparisonsfor achpai usingStudentst

t
210091AbsOILSD PFOSIOmkd  NEFOSAAOMK CONT  NEIFOSEAOMI  N-EFOSETGOmKdPFOSAOmKI 51.051 60867-18988 2117 29380NEFOSALOm 0867 087 asarr “52867 0517CONT “i895 “49477 sa076 59727 18813NEFOSEsOmid 2117 2067 9727 50817 372%NEFOSE160mkd 20380 0517 18813 2% 28182

Positive values show pars of meansthat re signicanty diferent,
‘Comparisons with a control using Dunnett's Method

]272184
As(OILSD CONT

PFOSAOmid 405507
NEFOSAdOmd Term
CONT 3.0141
NEFOSEdOmid 29211
NEFOSETOMG 487560

Positive values showpais of means that are significantaforont.

8
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Oneway Anova
Summaryof Fit

Rsquare osaserr
Rquare Ad) 0506072
Root Mean Square Eror 0315634
Maan of Response 3752174
Observations (or Sum Wets) zn

AnalysisofVariance
Source OF 'SunofSquaes  MeanSquare  FRaioModel 4 26481413 061035 66382
Eror 18 17932500 008625 ProboF
Coa 2 44373913 0200 00018

Means for OnewayAnova
Lovel Number Mean  StErmor
CONT 8 ass 01115
NEFOSAtOmKY 4 370000  o1s7E
NEFOSE160mka 2 3200 022319
NEFOSE4Omkd 4 3s otere
PFOSAOmKd 5 4300 014118
StdErroruses apooledestimateof oorvariance

Moans and Std Deviations.
Level Number Mean  SWDev SWE Mean
CONT 8 361250 0387068 0.13685NEFOSAOmKd 4 370000 0316228 0.15811NEIFOSE160mkd 2 300 0212132 0.15000NEFOSEdomkd 4 3500 0150000 007500PFOSEOmKd 5 43000 0288097 0.12884

Means Comparisons.
DisMean(lMean(]~  PFOSAOmkd  NEFOSMOmKS CONT  NEWFOSEAOmkd  N-EFOSE160mKdPFOS40mkd 0.00000 066000 074750 078500 1.11000NEFOSALOmY 086000 000000 008750 0.12500 045000CONT 74750 008750 000000 003750 036250NEFOSE4Omkd 078500 012500 003750 000000 032500NEFOSE160mHa “11000 045000 036250 032500 0.00000
Alphas 005

‘Comparisons for each pair using Students t
!

2.10091Abs(DIfLSD PFOSAOmAd  NEFOSMOTKY CONT  NEIFOSEAOmkd  N-EIFOSE160mkdPFOS40mcd 041939 0215165 0.360464 0340166 0555195NEFOSAdOmId 0215166 04680 031858 “0.3439 0.12428CONT 0360484 031858 033186 0.36858 016174NEFOSE4Omd 0340168 0343 036858 0.4689 “024528NEFOSE160mkd 0585195 01208 016174 “024528 “08312
Positive values show pais of means that resignicanty iferent.

‘Comparisonswith a control using Dunnett Method
]272184

Abs(DLSD CONT
PFOSAOmKd 0257735
N-EFOSALOmKd 0.43850
CONT 0.42955
NEFOSE4Omkd 04850
NEFOSETGOM 0.31668

6
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AnsysofVarianceSorc DF 'SumofSques Meme  FRaioVoda “ pra TZ 9aEros " 23882500 0 porCoa 2 72am Gas 0000
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NEFOSALOmKd 4 mas0 304m
NEFOSE160mka 2 atom 313NEFOSEdomid 4 2m 304%

PFOSAOmkd 5 uTew  2rem
StdError uses apooled estimateoferorvariance

‘Means and Std Doviatons
Level Number Mean  SUDev SW ErMoanCONT 8 203500 eer 31073NEFOSAdOmd 4 as0 199416 SartNEFOSE60mkd 2 211000 466690 33.000NEFOSEdomid 4 ama7s0 sean 2816PFOS40mid 5 u7e0 286670 12820

Means Comparisons.
DitMeanll-Mean[] ~~ PFOSAOmkd  NEWOSAMOMK CONT  NEIFOSEAOmkd  N-EFFOSET60mKdPFOSAOmkd 0000 25100 58100 62850 136.600NEFOSAOmK 25.100 000 29000 37750 111.500CONT 54100 29000 0000 8750 82500N-EFOSEdomkd 62850 F750 8750 0000 73750NEFOSET60mi 136.600 150 62500 73750 0000

Alphas 005
Comparisonsfo eachpairusingStudentst

t
2.10091Abs(DILSD PFOSAOmkd  NEFOSMOTKY CONT  NEIFOSEAOmkd  N-EFOSE160mAPFOSAOm 51.051 ©0%67 18958 23117 20380NEFOSALOmid “50.87 0817 dgarr “52867 0517CONT 18.958 “49477 sa076 9727 18813NEFOSE4omd 2117 2067 9121 50817 372%NEFOSE160mkd 20380 0517 18813 Ez -z8182

Positive values show parsofmeansthataresignicanty diferent.
‘Comparisons with a control using Dunnett's Method

dl27218
AbsDILSD cont
PFOSA0mK 40.5507
NEFOSAdOmId T2711
CONT 3011
NEFOSEsomid 29211
NEFOSEIGOmkd 48.7569
Positio values show pars of means that ae sigifcantyaiterent.
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TI07LIFR
pris

‘Oneway Anova
‘SummaryofFit

Rsquare 0284802
RSquare Ag 0.110028

Root MeanSquareEror 3301116
Moan of Response 18375
Observations (or Sum Was) %

Analysis of Variance
Source OF SunofSqaes  MeanSquare  FRaoModel 4 7457500 16438 17108Eror 18 20705000 108074 ProvorCoal 2 28162500 122046 0.1892

Means for Onoway Anova
Level Number Mean Su Eror
CONT 8 187500 1671NEFOSAOmid 4 16000 16506
NEFOSE160mkd 3 2000 19059NEFOSEdomkd 4 te7s0 16506PFOSHOmKd 5 188000 14763
1d Error usesa pooled estat of error variance

Means and Std Doviatons
Love! Number Mean  SuDev St MeanCONT 8 187500 449603 1.5896NEFOSALOmid 4 160000 244949 1.2247NEFOSE60mkd 3 2000 264875 15275NEFOSEdomid 3 ters 22173 1.1087PFOSAOmkd 5 188000 216795 09695

Means Comparisons.
Dif=Moan Mean] NEFOSEI0MKS  PFOSIOmkd CONT  NEFOSEAIMkd  N-EFOSAMOmitNEFOSE60mka 000000 320000 325000 525000 6.00000PFOStOmkd 320000 000000 005000 205000 280000CONT 325000 005000 000000 200000 275000NEFOSEdomKd 525000 205000 200000 000000 075000NEFOSALOmKY 600000 280000 275000 075000 000000
Alphas 00s

Comparisonsfo eachpai usingStudentst
t

20001Abs(DILSD NEFOSEI0MKd PFOSIOMkS CONT  NEFOSEAImk  N-EFOSAMOmkdN-EFOSE160mHa 564139 18aSs 142760 “002704 072296PFOSA0mK 84581 436080 388889 “258488 1.83488CONT Ga2i60  3EeEs  34sie 223104 “rast04NEFOSE4Omkd 007704 258s 223104 pry preNEFOSALOMA 07220  tgsass 148104 “a13859 488550
Positive values show pais of means tha aresignifcantydiferent.

‘Comparisonswith a control using Dunnett Mothod
]270438

Abs(DiLSD CONT
NEFOSEt6Omk 279392

PFOSA0mHd 503944
CONT ass
NEFOSE4Omkd 46693
NEFOSALOMKd 271693
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T0711 FR
pris

NEFOSAtOmKS 4 7s2s00 598m
NEFOSE160mia 3 esse 691s
NEFOSEdOmKd 4 71250 seem
PFOSA0mKY 5 662000 53565
StdErroruses apooledsstimateof errorvariance

Moans and Std Deviatons.
Lovel Number Mean  SWDev  SWEMean
CONT 8 sors 170m 62605
NEFOSAOmKA 4 7200 79730 30870NEFOSE160mkd 3 case 40415 23333NEFOSEdOmid 4 Tis ost 20156

PFOSAOmKd 5 662000 8043 3572
Means Comparisons.Dif=Moan-Moan(] CONT  NEFOSMOmKS  NEFOSEAOmkd  PFOSIOmkd  N-EFOSE180mkdCONT 00000 138750 178750 29250 25.4583N-EFOSAOmK 138750 0.0000 40000 90500 115833NEFOSEdOmd “178750 4.0000 00000 50500 75833PFOSAOmKd 29250 9.0500 50500 00000 25333NEFOSET60mK 25.4583 11.5833 75633 2533 00000

Alphas 00s
Comparisonsforeachpair using Studentst

t
208301

Abs(DILSD CONT  NEFOSAMOMKI NEFOSEAmkd PFOSIOMKS  N-EIFOSETE0mKd
CONT 125347 “1.4768 2523 e352 84862NEFOSAtOMKd 14768 177268 137268 77671 756%NEFOSEdOmKd 25232 “137268 res iter 115638PFOSAomKd sess 77671 CnTer  ssses “157748NEFOSET60mKd sa862 Tse ses 577d “204601
Positive valuesshow pais of means tha are signifcanty ferent.

‘Comparisonswih a conrl using Dunnett Method
id270438

As(OILSD CONT
CONT 16.1961
NEFOSAsOmId 59611
NEFOSEdomid 9611

PFOSAOmd 44588
NEFOSE160mkd 35287

Positivevaluesshowpaisofmeansthat aesignifcantyerent,
ALT UL By Dose Group (mgolday)
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TIO7LLFR
td

PFOSAOmKG 5 47600 10705
StdErroruses apooledestimateoforor variance

Moans and Std Deviations.
Lovel Number Mean  S4Dov  SWEMMean
CONT 8 sims 3028 10712NEFOSAdOMKY 4 7300 18502 7751
NEFOSE160mka 3 wes 7761s 4.485
NEFOSEdOmKd 1 m2s00 33964 16982
PFOSA0mKd 5 aTeo0 6 283

Means ComparisonsDfMoan( Moan] CONT NEFOSEdOmkd  NEFOSAMOmkd  PFOSIOmki  N-EIFOSE180mkdCONT 00000 9.1250 aro 437750 56.7083NEFOSE4OmKd 9.1250 00000 87500 348500 95833NEFOSAMOmId 178750 87500 00000 259000 08333PFOSA0mK 437750 348500 259000 0.0000 14.9333NEFOSE160mka 587083 ose3s 08% 149383 00000
Apa 005

‘Comparisonsfor eachpirusing Studentst
!

20901AbS(DILSD CONT  NEFOSEADAd  N-EIFOSAMOTKY  PFOSIOmkd  N.EIFOSE160mkdCONT 250535 215591 “128091 152006 247858NEFOSEOmid 215891 Ss4310 286810 10372 113135NEFOSAiOmId “28001 86810 354310 77128 25635PFOSAOmid 152006 1.0872 778 316904 216596NEFOSEI6Omks 24.7858 113135 25835 216596 dosi22
Positive values show parsofmoans that aresignicanty diferent,

‘Comparisonswih a control using Dunnett's Method
dl270438

Abs(DFLSD CONT
CONT 323716
NEFOSEdOmd 305220
NEFOSAiOMd 21720
PFOSAomkd 68657
NEFOSE160mH 148770

Positive valuesshow paisofmeanstha aresignificantly
afferont.

‘Combined at data for males and females.
Sig decreases in ALKP, AST and TRIG by 40 kd PFOS and 160 mika N-EIFOSE in ats.
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TI07LIFR
pris

Oneway Anova
Summary of it

Rsquare 0312227
RSquare Ad) 0.150389
Root MeanSquareEror 50.9861
Moan of Response 301.6087
Observations or Sum Wis) 5

Analysis of Variance
Source DF SumofSquaes  MeanSquare  FRato
Node! 4 30404528 T6013 20420
Eror ® 66974.950 372083 ProbF
Cot 2 o7379.478 wes os

Means for OnewayAnova
Love! Nomber Mean  StEror
CONT 8 20350 21566
NEFOSAtOmKS 4 as0 304%
NEFOSE 160m 2 2100 4313
N-EFOSEdOmKd 4 28780 304%

PFOSAOmK 5 ren 21219
1dErroruses apooled estimateoferorvariance

Means and Std Deviations
Level Number Mean  S4Dov  SWEMean
CONT 8 20350 78870 31073NEFOSALOmEd 4 s0 193416 9571N-EIFOSE160mkd 2 21100 466690 33.00N-EIFOSEdomid 4 gma7s0 ses 2816PFOSAOmk 5 Ten 286671 2820

Means Comparisons.
DitMean(l-Meanl] ~  PFOSAOmkd  NEFOSAOmk CONT NEIFOSEAOmkd  N-EFOSET60mKd

PFOSAOmkd 0000 25100 58.100 62850 136600NEFOSAOmK 25.100 000 29000 37750 111.500CONT 54100 29000 0000 8750 8250NEFOSEdomkd 52850 7750 8750 0000 77%NEFOSE160mkd 138.600 10 62500 73750 0000
Aphas 005

Comparisons for each pair using Students t
t

2.10001
As(DLSD PFOSOMKS  N-EIFOSAOMKS CONT  NEWFOSEOmkd  NEFOSET6OmKd
PFOSAOMY “81051 S087 18.958 23117 29380NEFOSAOmKd “60867 0617 9417 “5267 0517CONT “18.988 49477 84076 Sor21 18813N-EFOSEdOmKd 23117 Seer eorar 90817 57238NEFOSEI60mid 20380 0517 1881s 723 “128.152
Posto values show pairs of means that are signicanty diferent,

‘Comparisons with a control using Dunnett's Method
]272184

AS(DLSD cont
PFOSAOmK) 405507
NEFOSAIOMKd 726711
CONT 30141
NEFOSE4OmKd s2211
NEFOSETSOm 48.7569
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TIOLIFR
pris

NEFOSALOmId 4 stom og
NEFOSE160mka 2 uss0 13776
NEIFOSE4Omid 4 1920 ogTer

PFOSAOmkd 5 tae 08113
StdErroruses a pooled estimateoferror variance

‘Means and Std Doviatons
Lovel Number Mean  SUDev  SWEMean
CONT 8 1e9375 168502 05957
NEFOSAtOMKY 4 151000 081650 04082
NEFOSE160mka 2 uss00 353583 25000
NEFOSEdOmkd 4 ue 2am 1.4361
PFOS40omkd 5 1760 151688 ere

Means Comparisons
DifMoan(lMean] NEFOSAOMKG CONT  NEFOSE4Omkd PFOSIOmKd  N-EIFOSE1GOmidNEFOSAMOKA 000000 162500 175000 340000 550000CONT 62500 000000 012500 1.77500 387500NEFOSEdOmd J75000 0.12500 000000 1.85000 375000PFOSA0mK 40000 177500 65000 000000 210000NEFOSET60mK 550000 387500 78000 210000 0.00000
Alphas 005

‘Comparisonsfor eachpirusing Studentst
©

210091
Abs(DILSD NEFOSMOMKd CONT  NEFOSEAmkd PFOSIOmkd  N-EIFOSE1GOmdNEFOSAdOmId 280431 088185 1.14431 ossiz 1.95520CONT oBsiss 20468 230185 058847 063506NEFOSEdOmid aes 238185 28431 109579 020520PFOSA0mkd est 05584 Coste 2seers 1.32460NEFOSET60mkd 195520 063906 020520 1.32480 pri

Positive values show pairs of means that aresignificant diferent.
‘Comparisonswith a control using Dunnett Method

]272184
Abs(DALSD CONT
NEFOSAtOmd 1.62297
CONT 265148
NEFOSEdOmkd S237
PFOSAomKd 2813
NEFOSEISOM 031733
Posiive values show paisofmeans that are signfcanty
aiferent.

Ks mmol By Dose Group (mgKgiday)

102



TLR
ors

v
.
es
>

i 5 LA, AN

7 > ir,
. VI]

To Toon werotamarowe
NEFOSCIoRROSS SUITS! Sowaty

‘DoseGroup (mgKaiday) had oss

Onevay AroraSomanof FiRss o7asrssRear Ag QaaaoasRootMoan Saar Err QsaesizVaanolRespona $200600Ossarvatons (orSum Wot) 7
Anaisof VarianceSoca DF SumofSuares Meme  FRaioVoda i Tvs oss iEro Teas ores prookClow 2 Nmon amr <oor

Means for nevaAnaLove Nomber © Moan SuErront 7 cao oomNEFosmoma 3 m0 omNEFOSEIoomkd 2 3300 oseNEFOSE ma DOR aimProsimia 53% ose
S40 Error uses apooled statofator varianceears an SaOoiaonsLov Nomber Mean SidDev  SiEnMoancor ean 00100 37stNErosnania 4 amo oar 020%NErose coma 7 Shoo ise “000Erosion i800 omer oirProsiomia § Sm ose 026
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TIOLIFR
TIS

PROSAOmd 5 10200 1000
5Error uses apooledestimateof errorvariance

‘Means and Std Doviatons
Love! Number Mean  SUDev  SWErMem
CONT 8 00625 266927 08437NEFOSAdOMKS 4 10850 19s 09574NEFOSE160mka 2 104000 000000 09000NEFOSE4OmKd 4 10125 262096 13150PFOS40mKd 5 102000 188114 oor

Means Comparisons
DifMoan(Mean] NEFOSEI60k]  NEIFOSMOTKY  PFOSIOmkd  NEFOSEImkd CONTN-EFOSE 160m 0.00000 050000 200000 275000 337500NEFOSALOMIA 050000 000000 1.50000 225000 287500PFOSA0mKI 200000 150000 000000 075000 137500NEFOSEOmid 275000 225000 075000 000000 052500CONT 337500 28750 137500 082500 0.00000
Apha= 00s

‘Comparisonsfor eachpirusing Studentst
!

210001
Abs(DILSD NEFOSEI60TKS  NEFOSMOTKd  PFOSMmkd  NEFOSEmd CONTNEFOSE60mkd 473999 360406 196576 135498 037220NEFOSALOmAd “380496 33st68 167968 0168 0.0274PFOSAOmid 1.98576 Derek 20978 Za2068  i3e720NEFOSE4omk “135496 i068 242968 S3st68 221764CONT 37229 oes ser 22784 237000
Positive values show pars ofmeansthataresignicanty diferent.

‘Comparisons vith a control using Dunnett Method
dl27218

Abs(OILSD Cont
NEFOSET6Om 1.47982
NEFOSAdOMKd “assez

PFOSAOmK) 212586
NEFOSEdOmid 313582
CONT 07048
Positive values showpaisof means tha are significantlyaifornt

‘GREA mad. By Dose Group (mo/Ko/day)
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TILER
bis

210091
AsDILSD PFOSIOmkd  NEIFOSMOTKS  N-EFOSE1GOmks N.EFOSEAOmkd CONTPFOSAOmd 00022 “0.04493 0.005364 0030060 0095075NEFOSAOmKd 000493 “0.105% 0.05401 003034 0033776NEFOSE160mkd 0005384 “005401 “0.14897 0.12001 0.06777NEFOSE4omkd 0030069 00303 “0.12901 0105 004122CoNT 0095075 0033776 “006777 oz 0074s
Positivevaluesshowparsofmeanstha aesignificantydiferent.

‘Comparisonswith a control using Dunnett's Method
]272180

Abs(DLSD CONT
PFOS40mkd 0080875
NEFOSMOMKS 0006814
NEFOSE16Om 0.10268

NEFOSEdOmd “006819
CONT “0.0065
Positive valuesshowpaisofmeansthataresignificantaiferont.Cinial chemists for al rai (ales and females combined nDT158, Shows significant

decrease in potassium by 40 mkd PFOS, N-EIFOSE and N-EIFOSA, with the most significantchangesoccurring in the40 mk PFOS doso group. Creatinine (CREAT) was signicanty
Increased in the 40 mid PFOS and 40 miN-EWFOSA dose groups.
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TIO7LIFR
TIS

Oneway Arova
Summaryof Fit

Rsquire 0303785
RSquaroAd o6e5e2
Root Mean Square ror 23365
Mean of Response a0aa73T
‘Observations(orSum Wats) 19

AnalysisofVariance
Source DF SumofSquares  MeanSquare Rat
Model 5 373.102 119108 2.817
Eror 15 8188846 54592 ProwFCoal 18 11761947 esses 01327

Means for Oneway Anova
Level Number Mean Su Eror
CONT 6 40083 95%NEFOSAdOmKd 4 Ti7s0 ew
NEFOSEdomkd i mas tee

PFOSAOmid 5 549000 10449
1d Error uses apooledestimateof errorvariance.

Means and Std Doviatons
Lovel Number Mean  S4Dov  StErMen
CONT 6 400833 199785 8156NEFOSAdOmY 4 7170 304344 15217NEFOSEdOmd 4 mms 2750 11875PFOSAOmKd 5 549000 207497 9280

Means Comparisons
Dif=Moar Mean] NEFOSAIOMK  PFOSOmkd CONT  N-EIFOSEAOmdNEFOSAOmKG 00000 168500 316867 373750PFOSAOmid 16.8500 00000 148167 205280CONT 31667 148167 00000 57083NEFOSEdOmkd rais0 2050 57083 00000
Alphas 00s

‘Comparisonsfor eachpai using Studentst
t

213144
Abs(OLSD NEFOSMOMkd  PFOSIOMKd CONT  N-EIFOSEdomidNEFOSAdOmId 5217 168576 04798 21603PFOSAOmKd Jess staon0 153394 128828CONT 04798 isa 28707 284382NEFOSEdOmKS 21608 2888 26.4382 382147
Posiive valuesshowpais of means tha ae signifcanty diferent.

Comparisons with a control using Dunnett's Method
]262898

AbS(DIOLSD CONT
NEFOSAdOMKd 79838

PFOS40mkd 23787
CONT 354644
NEFOSEMm 339421

Positivevaluesshowpaisofmeans tha aresignificantaiforont,
Cholesterol, Male andfomal guinea pig combined.
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TI07LIFR
TIS

OnewayAnova
Summaryof Fit

Rsquare 079281
Rquare Adj 0.1509
Root Mean Square Error 0802126
MeanofResponse 12175
Observations (or Sum Wets) 1

AnalysisofVariance
Source OF 'SumoiSquaes  MeanSquare  FRaioModel 3 03750000 0125000 03444

Error 2 43550000 0362917 Provor
Clow 15 47300000 oats 07838

Mans for OnowayAnova
Level Number Mean  StErmor
CONT 4 ners oon
NEFOSAtOmKd 4 12200 030m
N-EFOSE4omid 4 12400 030121

PFOSAOmkd 4 us ow
19Error uses apooledestimateof errorvariance

Means and Std Deviations
Love! Number Mean  SWDev  StErMean
CONT 4 190 0805700 0.40285N-EFOSAOMKd 4 122000 oseered 029459NEFOSESOmd 4 124000 0496685 024833PFOSAOmK 4 ris oastaar 022087

Means ComparisonsDif=Moanf-Mean] NEFOSEAIMKd  NEFOSAMOmki  PFOSIOMKS CONTNEFOSEdOmid 0.000000 0200000 0275000 0425000NEFOSAdOmd 02 0000000 0075000 0225000PFOSA0mKd “0275 0075 0000000 0.150000CONT “0428 0225 015 0000000
Apha= 005

Comparisons for each pai using Students t
t

217882Abs(OILSD NEFOSE4OmKd  NEFOSAMOMkS PFOSAOmKd CONTN-EFOSE4OmKd “052813 072813 065313 050313NEFOSAdOMKd “072813 09813 083i 070313PFOSAOmK “05313 0813 052813 077813CONT 050313 70313 ores 0213
Positive valuesshowpaisofmeansthat aesignifcanty diferent.

Comparisons ith a contol using Dunnetts Method
dl26820

AbS(DIASD CONT
NEFOSEdOmKs 071788
NEFOSAdOMKd 091788

PFOSA0mK 0.99288
CoNT Exe
Positive valuesshowpaisofmeans thatarosignificantdiferent.

PHOS mg/dL By Dose Group (mo/Ko/day)

nm



. x To
A

os A (
CNA (a0fmt £2LATE

VV
Vv

N-EIFOSAOMI Prose |Each Par Won
eons WEFOSEITE ‘Students t Dumetts

Dose Group(mgKgiday) iid 00s.

——sm
een oss

RootMeanSquareError 0.776343FE i
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TI07LIFR
TIS

CONT 092108 1.19608 12108 072108NEFOSAtOmid 4608 112108 10608 079608PFOSA0mid 044608 072108 070608 1.19608
Positive values show pars of means that aresigifcanty ferent.

‘Comparisonswih acontrolusing Dunnett Method
dl268204

Aos(DILSD CONT
NEFOSEdOmK 1.19782
CONT arm
NEFOSAlOmKS 130782

PFOSAOmid “099782
Posiive values show pais of means tha ao significantlyaiterent.the two analyses directly Above are for guinea pig Ca and PHOS, male and female combined. Nosig changes occured
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TI07LIFR
IS

Oneway Anova
Summaryof Fit

Requare os2s687
Rquare Adj 0300768
Root Mean Square Error 1.140108
MoanofResponse 8823529
Observations (orSum Wats) 7

‘AnalysisofVariance
Source OF 'SumofSeuares  MeanSquare Fat
Model 3 21350050 7075 547738
Eror 13 16.8300 12998 ProvoF
Coal 16 23049059 144057 <0001

Means for Oneway Anova
Love! Number Mean Sw Eror
CONT 4 12800 087005
NEFOSAtOmId 4 Bes 087005
NEFOSEOmKd 3 2200 087008

PFOSA0mkd 5 4680 050967
S14Erroruses apooled estimateoferrorvariance

Means and Std Deviations
Level Number Mean  SuDev  SWEmMean
CONT 4 128000 101683 050827N-EFOSAdOmd 4 ees osesz 034761
NEFOSEAOmd 4 122000 0g62s4 048132
PFOSAOmKd 5 a6s00 154660 069168

Means Comparisons.
DifeMean{ Mean] CONT  NEFOSEAImkd  NEFOSMOmKd  PFOSIOmkd
CONT 000000 060000 615000 812000
NEFOSEdOmid 060000 000000 555000 752000
NEFOSALOmKd £15000 555000 000000 1.97000PFOSA0mK “812000 752000 97000 000000
Alpha 005

Comparisonsfo each pair using Students t
t

216037
As(DILSD CONT NEFOSEAImkd  NEFOSAMOmKS  PFOSIOMKd
CONT 174164 T4184 44083 64G7TSNEFOSEdmK 114164 174184 3s08% 586773NEFOSAiOmId 44083 38083 A748 031773

PFOSAOmi 646773 e673 oars -AssTr
Positive values show pairs of means that are sinifcanty ferent.

Comparisonswith a contol using Dunnett Method
id264945

AbsDILSD CONT
CONT 2.13598
NEFOSEdOmkd 153693
NEFOSAMOMKE 401407

PFOSAOmid 6.03368
Positive valuesshowpaisofmeansthatarosignificantaiforont

Above is for guinea pig combined male and femal potasium levels. Sg duced by PFOS and
N-otFOSA at 40 mgKgiday.
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TIO7LIFR
TIS

OnewayAnova
Summaryof Fit

Rsquare 005849
RSquaro Ad 0.12981
Root Moan Square Eror 0.106758
MoanofResponse 0.171053
Observations (orSumWats) 19

‘AnalysisofVariance
Source OF 'SumofSquares  MoanSquare FatModel 3 001062061 000350 03106
Eror 15 017085833 0011397 ProvoCo 18 018157895 oolooes 08174

Meansfor OnewayAnova
Level Number Mean  StErmor
CONT 6 0158353 00438
NEFOSALOmId 4 0150000 005338
N-EIFOSEdomid 4 oe2s00 00538

PFOSAOmK 5 021000 004774
1Error usos apooledestimateoferrorvariance

Meansand Std Deviations
Level Number Mean  SuDov  SErMean
CONT 6 015833 0091742 003745NEFOSAtOMY 4 0150000 0057735 02887NEFOSEdOmid 4 0162500 0.110888 008543PFOSA0mKI 5 0210000 0143178 006403

Means Comparisons.
OifMeanll-Veanl] ~~ PFOSIOmKd  NEFOSEAOmki CONT  N-EFOSALOmkdPFOSA0mKd 0000000 0047500 0.051667 0060000NEFOSEdOmd 0.0475. 0000000 0.004167 0012500CONT” 005167 000417 0000000 0008333NEFOSAtOm! 008 00125 000833 0000000
Apa 005

Comparisonsfo eachpairusingStudentst
t

213144
AbsDIHLSD PFOSIOMkS  NEFOSEAOmd CONT  NEWFOSAdOmKPFOSAOmd 0.14391 010514 008812 0.00264NEFOSEOmid 010514 01609 0.14271 0.1484CONT “08812 far 013137 0.13885NEFOSAOMKA “0.00264 ones 013855 0.1600
Posie valuesshow paisofmeansthataesignifcantydiferent.

‘Comparisonswih a control usingDunnett Method
I]262898

Abs(DILSD CONT
PFOSAOmd 011828
NEIFOSE4Omid oT7
CONT 016204
NEFOSAdOMK 0.17283
Positive values show pairs of means tha ae sigifcantyaierent.

Alb mgd. By Dose Group (mggiday)
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THO7LLFR
IS

‘Onevay Anova
‘SummaryofFit

Rsquire 0018487
RSquare Ad 0.17782
Root MeanSquareEror 2382382
Moan of Response 1a526%2
Observations or Sum Wis) 18

Analysis of Variance
Source DF SumofSmas  MeanSquae  FRaio
Model 3 1.603500 053450 0082Eror 15 85133333 567556 ProboFCowl 18 86736842 aster 09621

Means for Oneway Arova
Level Number Mean Su ErrorCONT 6 taser oss
NEFOSAdOmd 4 1as00 11912

NEFOSEdOmid 4 1a00 tier
PFOSH0mK) 5 14800 1065
StdErroruses apooledestimateofororvariance

‘Means and Std Deviations
Lovet Number Mean  S4Dev  SWErmMean
CONT 6 ase 121108 0.4944N-EFOSAdOmKd 4 14500 236048 1.1902NEFOSEdOmkd 4 14000 36228 1.5811PFOSA0mHd 5 14800 27789 12410

Means Comparisons
DiftMean(l-Vean] ~ PFOSAOmKd CONT  NEIFOSAOmKd  N-EIFOSEAOmKIPFOSAOmkd 0000000 0.133333 0300000 0800000CONT 013333 0000000 0.166667 0866867NEFOSAOmd 03 -01e67 0000000 0500000NEFOSEdomkd 08 -0sessT 05 0000000
Alphas 005

‘Comparisonsfor each pair using Students t
t

213144
Abs(OLLSD FOSS CONT  NEFOSMOmKS  NEIFOSEdOmKPEOSAOmK 321180 294144 310831 “260831CONT 24144 293168 311105 261105NEFOSAOMKS S081 311105 350058 “3.00086NEFOSE4Omd 250831 261105 300086 “35506
Positive valuesshow paisofmeanstha aesigifcanty diferent.

Comparisons with a control using Dunnett's Method
dl262858

AS(DIASD CONT
PFOS4omkd 385919
CONT 61602
NEFOSAMMK 387617
NEFOSEAOmI 337617

Positive valuesshowpaisofmeansthat aresignificantferent
‘GLU mg/dL. By Dose Group (mggiday)
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TI07LIFR
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OnewayAnova
Summaryof Fit

Rsquare 0.083057
RSquaroAd) 0.10033

RootMeanSquareError 21.1248
Moan of Response s068421
‘Observations (or SumWats) 1

AnalysisofVariance
Source DF SumofSgares  MeanSqure  FRatioNode! 3 605.3219 22107 04529Eror 1s 66937633 4622 ProbFCol 18 73001053 asset 07191

Meansfor OnewayAnova
Level Number Mean  StEror
CONT 6 ater sea
NEFOSALOmId 4 a0 f0s62
NEFOSEdomid 4 sss00 ose

PFOSAOmkd 5 sta sur
StdError uses apooledestimateofrorvariance

Means and Std Deviations
Lovel Number Mean  S4Dev SWE MeanCONT 6 ater 101472 4183NEFOSAtOMKd 4 m0 7782 3881NEFOSEdOmkd 4 sss000 41218 20609PFOSAOmK 5 57400 150100 6713

Means Comparisons.
Df:Meanfl-Meanl]  PFOSIOMKS  N-EFOSEAOmki CONT  N.EFOSAOmdPFOSAOmKA 00000 19000 11238 13.1500NEFOSE4OmKd 1.9000 0000 93333 112500CONT 112333 93353 00000 19167NEFOSAOMK Cis1500 1250 19167 00000

Apha= 005
Comparisonsfo each pai using Students t

t
213144AbS(OILSD PFOSIOMKS  N-EWOSEdOmkd CONT N.EFOSAOmKIPFOSAomk 284770 28304 16.0313 “17.0544NEFOSEdomkd 283084 Sisk 197308 205882CONT “160313 197308 25.9088 7.475NEFOSALOmIA Tossa Z0se82  2r.1475 Biase

Posiive valuesshow paisofmeansthataesinifcantydiferent.
‘Comparisons with a control using Dunnett Method

1262898
AsDILSD cont
PFOSAOmid 23956
NEFOSEdOmkd 26513
CONT 320880
NEFOSAdOMK 33.9319
Posiive values show pais of means tha ae significant
aiforent.

ALT UL By Dose Group (ngiKglday)

126



TLR
ors

” 2 No
© NTSYS TOC)
w /
x»

Non werovime rooms TERE ee
N-EFOSEOmMg isuney ‘ouwiagy

‘DoseGroup(maKoiday) ow os

Onevay Arora
SommaryorFiRsaure oars

RSquar Af 0368387Root Maan Sar Err 830031ean of Response Stairs
Ohsanation (orSumWots) fH

AnsysofVarianceSaco DF SumofSams Meme FRaioods! 3 "s512001 was saeEner size Ws promtClot % 11637805 Sisss  ooe
Means for OnewayAncva

Lovet Norer© Moan SuEror
cont Tam oem
NEFOSMOm i mmo amNEFOSEOmd i km 3mmProSiomd 5 wow zens
514 Eroruses apooledestimateofatorvariance

aan and SiaDoviators.Low Nomber Mean S@Dsv SidEntoanCont Tamm ane "eatsNErosnoma i mae sem ToateNEFoSEdmia ian ere sanProSiomia 5 sooo 430 Tozas
MeansComparisonsOfMean Moni] PROSIOMKS| NEFOSAOK CONT NEWOSEAOmdPrOSiomd 00000 ars er 135000Nerosniama 87500 0000 ‘ster 37500Cont 21007 saw ooo preNerosesoma T5500 B70 ism 0000

Alphas 0.05
Comparisonsor eachpar using Studentst

:213144
A500 PrOSimS  NEFOSMOmd CONT  MEFOSEddmidPrOSiom Seto Zw avr ams

ww



Toibis
nerossoma 230721 Pr semeon pi Se damm Sofoscioma 43098 Saws asa Te
Poinau showpas ofmans ht re Sinan diaConvenes winssont wy Domesod

1d2dionpo contPr sttnsa 15Nerosmoma izeSor pANWoseuma Seman
Ping vain howosofmons hrsiicanlyGinLonun Brows rou

| =
Is A Al ~

PLA AOA22 AN

Ty hr
Voss proses | BAR WRT

N-EFOSEdOMKS Susarg OSes:coop) — oo
fofieryro oorjm SorRok aSar Err hidid eeOetmion t Sum Wot)
ArasofVancoSaco Of umolSmmns  MemSwme Frajoo 5 oases Sy oteHor $B dws ger merTom owe awe ose

MearsorneyAnoLov Noon Mean Su Erron Tm SisRFossona © Tmo sieNErostioma P<Prosiomia Pom Bm
4Erortesapctstrte of ovariesantonSt ota- Nomen "Naan SuDoy Sun omnor Tore was Tm

2s



werosnonia © mmo sus emNErostiona Doe wm wmHrosions § Mme men Gu
sas,Oren] PrOSioma MERGES NEFOSMOm _cONTDos Son ge] priNerotEiima 350m Soon forceNero om Pd Soom assesSon =] pi -]

Avtar 00sComparisonor ach pausingSdnts\2sjsOnisD  erosionia Nerostima  WeFoswima courfe ions i ov SmNerowima men eed firNerosma aon de ed amsSon a a TEE
pe—Commsnoon om ames owsft]5ohoefosOhLSD corfren PeNerostiona TeNerossioms TimesSon orem

Positivevalues showpairsofmeansthataresignificantlySraasmtoy se ro (git=
w] A
Ne” Aly . [

HR = =|ix oS CS Co |
- Adel [ry
- ~~> — tl

‘DoseGroup(moKoiday) os oss

2



TIOLIFR
TIS

Oneway Anova
Summaryof Fit

Requare 0793274
Rsquare Ad 0751929
Root Mean Square Error 1.727876
MeanofResponse 138.4211
Observations (or Sum W's) 19

AnalysisofVariance
Source OF SumofSgares  MeanSguare  FRatoModel 3 7184825 S72827 19.1866
Error 15 4478333 20856 ProwF
Co 18 21663158 20351 <0001

Means for OnevayAnova
Love! Nomber Mean Su Eror
CONT 6 14183 070540
NEFOSAtOmId 4 1750 08634

NEFOSEdomid 4 140000 08634
PFOSA0mkd 5 13400 077273
1d Error uses a pooled estimateof rorvariance

‘Means and Std Doviatons
Love! Number Mean  SuDov SWE MeanCONT 6 ats 172200 070817
NEFOSAtOmKd 4 138750 150000 075000NEFOSEdOmkd 4 0000 141421 070711PFOS40Omkd 5 13400 207384 082738

Moans Comparisons
Dif=Mean-Moanf] CONT ~ NEFOSEAMkd  NEFOSMOmKS  PROSIOMK!
CONT 000000 1.83333 508% 743%N-EFOSEdomkd 183333 000000 32500 560000NEFOSALOmK 508333 325000 000000 235000PFOStOmKd 743333 560000 235000 000000

Alphas 005
‘Comparisonsfor each pir using Students t

t
213144

As(DLSD CONT “NEFOSEAImkI  NEFOSMOmkS  PFOSIOmKdCONT 2.126% 054395 270805 5205NEFOSEdOMK 054395 260418 osisi 31296NEFOSAOmKG 270605. ois 260418 0.12084PFOSHOmKd 520325 3.12045 D154 232025
Positive values show paisofmeans tha arosignificantly diferent.

‘Comparisonswith acontrolusing Dunnett Method
dl262898

AsLSD Cont
CONT 262265
NEFOSEdmkd 1.09887

NEFOSAdOmKd 215113
PFOSA0mKd esz6s
Posiive values show pair of means that are significant
aiterent.

CH mmol By Dose Group (mg/day)
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Oneway Anova
Summaryof Fit

Rsquare 0.130895
Requare Ad) 0.04293
Root Mean Square Eror 3482966
Mean of Response 1232105
Observations (or Sum Wets) 19

AnalysisofVariance
Source OF SumofSquares  MeanSquare  FRaio
Model 3 2740575 oiss2 0750
Error 15 18196583 21311 Provo
Coal 18 20897.158 este 05375

Means for Oneway Anova
Level Number Mean Sw Eror
CONT 6 rate 14219
NEFOSAtOmId 4 1ms0 741s

NEFOSEOmkd i a0 rats
PFOSA0mK) 5 10500 15576
1dErroruses apooledestimateof erorvariance

Means and Sid Deviations.
Love! Number Mean  SUDev  SWEmMean
CONT 6 uml aasur 7.410
N-EFOSAdOmId 4 138500 45383 2692

NEFOSEdomid 4 232% 240468 T2023
PFOSAOmkd 5 10500 17282 774

Means Comparisons.
DifMean(-Mean] NEFOSAMOMKd CONT  NEFOSEAmkd  PFOSIOmAd
NEFOSAiOMKd 00000 103333 162500 335000
CONT 10383 0.0000 aoler  2aeer
N-EFOSE4Omkd Js2500 49167 00000 182500

PFOSA0mK W000 23.1667 18.2500 00000
Alphas 00s

‘Comparisons foreachpai usingStudents t
t

213144
Abs(DIfLSD NEFOSMOmKd CONT  NEFOSE4Omkd  PFOSIOmKd
NEFOSAdOMKd 249% 375067 72438 16.3000
CONT SrsesT 428610 S300 21788
NEFOSEdOmkd 2a 43003 2498 315500
PFOSAOmkd Jes000 217883 Sis80 469518
Posiive values show paisofmeanstha are ignficanty diferent

Comparisons with a control using Dunnett's Method
ol262898

Abs(DILSD CONT
NEFOSAOmkd 48.7727
CONT “528660
NEFOSEdmkd 54.1893

PFOSAOmid oz
Posiive values show pairs ofmeansthat are significant
aitrent.

Above i for the male and female uineapigscombined clinical chemistry statistics.

134



TIO7LIFR
TIS

Appendix 8. Hepatic Palmitoyl Co-A oxidase activity

Go F cont 5G0TA85 2.00
01486 1.00
9600051 3.00
9600052 3.00
¥ 3
vean 2.250
sp 0.957

N-ECFOSAMOmKd  8GO148B 3.00
8601430 1.00
¥ 2
vean 2.000
so aie

N-ECFOSEL6O0mkd  9G00053 3.00
9600054 3.00
x 2
Mean 3.000
so 0.000

N-ECFOSEAOmkd  8G01487 2.00
801483 2.00
¥ 2
Mean 2.000
so 0.000

rOS40mKd 8601481 2.00
8601452 Missing
9600055 3.00
G00056 5.00
N 3
Mean 3.667
sD 2l082

¥ cour 8601477 1.00
8601478 1.00
9600045 2.00
9600046 2.00
¥ 3
vean 1.500
sp 0571

N-ELFOSMOmkd 8601481 1.00
sco1ds2 1.00
¥ 2

vean 1.000
so 0.000

N-ECFOSEI60mkd  9G00047 2.00
9600048 Missing
N 1
Mean 2.000
so Missing

N-ECFOSEAOmKd  8GOL479 1.00
8601480 1:00
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SPECIES SEX DOSEGRO I TORO.
¥ 2
Mean 1.000
so 0.000

PrOS4Omkd 8601483 1.00
sco14se 2.00
9600049 3.00
9600050 3.00
¥ 3
Mean 2.250
sp 0.957

Rr cow 8RO4040 Missing
8R04041 4.00
9R00469 6.00
9R00470 7.00

3
Mean 5.667
so 1828

N-ELFOSAMOmkd  BROA044 Missing
8ROA045 Missing
N 0
Mean Missing
so Missing

N-ECFOSEL6Omkd  SRO0471 5.00
9R00472 8.00
§ 2
Mean 5.500
so 2.121

N-ECFOSEAOmkd  8RO4042 Missing
8RO4043 Missing
§ 0
Mean Missing
so Missing

PrOS4Omkd 8R04046 Missing
8R04047 Missing
SR00473 10.00
SR00474 18.00
§ 2
Mean 14.000
so 5.657

M uSSe-lsOmkd  1ROO748 Missing
1R00749 Missing
1R00750 Missing
N 0
Mean Missing
so Missing

SPECIES SEX DOSEGRO ™ PCORD_U_
cont 1R00742 Missing

1R00743 Missing
1R00744 Missing
8R04032 0.00
8R04033 4.00
SR00463 9:00
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SRG0AET 9.00
N 4
Mean 5.500
sD 41359

FOSA4OmKg 1800745 Missing
1R00746 Missing
1R00747 Missing
N 0
Mean Missing
so Missing

N-ELFOSAdOmkd  BRO4036 Missing
BRO4037 Missing
x o
Mean Missing
so Missing

N-ECFOSEL60mkd  9RO465 19.00
9R00466 20.00
§ %
Mean 15.500
so 0.707

N-ELFOSEAOmkd  BRO4034 Missing
BR04035 Missing
§ 0
Mean Missing
sp Missing

PFOS4OmKd 8R04038 Missing
8R04039 11.00
9R00467 21.00
9R00468 20.00
N 3
vean 17.333
sD 5.508
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Appendix 9. Effect of acute FC administration on catalase and acylCoA oxidase
expression

The following report summarizes the effects of in vivo administration of N-EFOSE or
PFOS on catalase and acylCoA oxidase gene expression and enzyme activity in liver
tissue from exposed rats and guinea pigs, and was presented as a poster at the 2001
Society of Toxicology meeting (Wallace ef al. 2001). Tissues analyzed in this study
were derived from approximately 1 g of frozen liver from each of two male and two
female rats and guinea pigs that received either 40 mg/kg/day PFOS or 160 mg/kg/day 2-
(N-cthylperfluorooctanesulfonamido)-cthyl alcohol (N-EtFOSE) orally for 4 days, or an
equivalent volume of 2% tween 80 (vehicle control) from March 1, 1999 to March 4,
1999. All animals were killed on March $, one day after the last consecutive dose.
Portions of the respective livers were quick frozen in liquid nitrogen and shipped on dry
ice to Duluth for analysis.

Enzyme Sample Preparation—The enzyme fraction consisted of the 6,000 g supernatant
ofa 10% (wt/vol) homogenateof0.5-1.0 g frozen liver tissue in 300 mM mannitol-10
mM HEPES-1 mM EGTA (pH 7.2). Protein concentration was estimated according to
the methodofBradford using commercial bovine serum albumin as standard.

L-Cod Oxidase Assay ~ The equivalent of ca., 5 pg/ml tissue homogenate was
suspended in 60 mM KH:POL-0.02 % Triton X100 (pH 7.4) containing 1 mM p-
hydroxyphenylacetate (PHPA), 4 units/ml peroxidase, 20 uM FAD, and 60 uM lauryl-
CoA (LCoA). The reactions were allowed to incubate at 37°C for 30 min in a shaking
water bath and terminated by adding 3 volumes of 2 mM KCN in 100 mM sodium
carbonate (pH 10.5). The concentration of H0; generated during the reaction was
estimated from the fluorescence of PHAP as measured with an excitation wavelength of
317 nm and emission at 405 nm. The fluorescence was calibrated with commercial H0;
and the results are expressed as nmol peroxide generated/min/mg mitochondrial protein
(Table 1). Protein was quantitated by the Bradford method.

Catalase Assay - The activityofcatalase was estimated by a modification of the original
method published by Claibome and Fridovich (J. Biol. Chem. 254, 4245-52, 1979),
which is based on the direct measurement of H;O; disappearance as quantified
spectrophotometrically at 240 nm. In this procedure, the tissue sample was diluted in 50
mM potassium phosphate (pH 7.0). The medium was warmed to 27°C and the reaction
initiated by adding 10.3 mM H:0x. The progress of the reaction was monitored at 240
nm for 5 min. Catalase activity was estimated from the initial linear rate ( E***=43.6 mM"
‘em) and expressed as units/mg protein (Table 1). One unit ofactivity is defined as that
amountof enzyme which catalyzes the decomposition of 1 umoleof HO; per min.
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Northern Blot Analyses - Quantitation of mRNA for both acylCoA oxidase (ACoAO)
and catalase were performed by Northern blot analysisofquick frozen liver samples from
treated rats and guinea pigs. Approximately 1 g of frozen liver was powderized in liquid
nitrogen using a mortar/pestle. Total RNA was recovered using the PERFECT RNA™
isolation kit and the concentration quantified spectrophotometrically at 260nm. The
RNA was electrophoresed on a 1% agarose gel, blot transferred to a cellulose membrane
and hybridized to the corresponding randomly [**P] labeled oligonucleotides that were
PCR amplified from primers to ca., 350 base sequence of the respective rat liver gene.
mRNA band density was quantified autoradiographically using. phospho-imaging
software.

RESULTS:

Rats — Both male and female rats express LCoAO and catalase activities, and there is no
substantial difference in enzyme activities between the sexes. The same is true for the
constitutive expression of mRNA for both enzymes, with the exception that unexposed
malerats do not express the message for PCOAO.

Acute exposure 10 N-EL-FOSE causes a doubling of the specific activity of LCoAO in
liver from both male and female rats, but catalase activity is unchanged. Associated with
this is a proportionate 2-fold increase in the concentration of mRNA encoding for
PCOAO, but no change in catalase mRNA, in livers from both sexes. Again, there is no
remarkable sex difference in response to N-Et-FOSE exposure, at-least with this limited
numberofanimals tested (n=2).

Exposure of rats to PFOS elicits a similar doubling of LCAO activity for both sexes,
and possibly a slight increase in catalase activity in liver from male rats. Hepatic catalase
activity in female rats does not appear to be affected by PFOS exposure. Unlike N-Et-
FOSE, which caused a doubling of mRNA band intensity for pCoAO, acute exposure to
PFOS caused a 3-6 fold increase in PCOAO mRNA expression. This enhanced
expression of message was more pronounced in female compared to male rats, and in
both sexes resulted in no greater LCOAO enzyme activity than was observed athalf the
mRNA level for rats exposedto N-Et-FOSE.

Guinea Pigs - The response 10 guinea pigs to exposure to N-EtFOSE and PFOS was
dramatically different from that observed for rats. The constitutive activity of LCoAO in
unexposed guinea pigs of either sex was very low (near LOD values) whereas catalase
activity was 1.5-3 times higher. However, the activityofneither enzyme was stimulated
following acute exposure to N-E-FOSE or PFOS in vivo. Perhaps the most dramatic
difference between species is the fact that guinea pig mRNA encoding for PCOAO was
undetectable, even following exposure to N-Et-FOSE or PFOS. Part of the explanation
for this observation may be that we were using hybridization probes developed against
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the sequence for rat liver ACOAO because the sequence of the guinea pig enzyme is not
known at this time. It may be that the guinea pig sequence is sufficiently different that
the PCR product lacks complementarity for adequate hybridization to the probe for the
rat sequence. Although this may indeed be an artifact, the absence of constitutively
expressed message and the inability to stimulate expression of PCoAO mRNA are
consistent with the low and uninducible enzyme activity in guinca pigs.

CONCLUSIONS: These data provide strong evidence that: 1) N-Et-FOSE and PFOS
stimulate both the transcriptional and translational expressionofacylCoA oxidase in rats
in vivo, and 2) there is a marked difference in the response of rats and guinea pigs to in
vivo exposure 10 these two fluorochemicals. These results are very consistent with the
suggestion that these fluorochemical compounds are “peroxisome proliferators” in rats
and, much like what has been demonstrated for the classical “peroxisome proliferator”
chemicals, guinea pigs are resistant to this effect of fluorochemical exposures. We were
not given the data for organ weights or necropsy findings and thus cannot comment on
whether exposure to cither agent caused hepatomegaly or other indications that are
associated with peroxisome proliferation. However, based on our data, we suspect that
the evidence will reveal the classical signs of peroxisome proliferation in ras, but not
‘guinea pigs, caused by these acute exposures.
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SummaryofScreen forHepaticPerorisomeProliferation
Avimal Specie Se Treatment Body Liver Liver P40  LauylCoA  Calase ug pCoAO Catalase

sox Wi wi Prowin content Oxidase activity RNAW mRNA mRNA
(© (© (mee) (umolimg)Activity reo

(amolmin/mg) (Uniting Control Control
protein) >)

GROG Ra M Veh 298 12 ISLS 0086 4 209 20m 1267
OROOMGH Ra M Veh 313 ISI 1456 0.067 53 1585 2650d 753
RODE) Ra F Veh 210 76 1883 01s 92 Ll 219 100 9s
ROTO Ra F Veh 201 70 153 0055 102 2047 338 100 1085

9RODM6S Ra M NE. 22 13 ISLS 0331 2295 3s 20 1401
FOSE

ROOMS Ra M NE. 231 ILI 1349 0284 nr om3 26 2m os
FOSE

9ROMTL Rat F NE. 174 75 1658 004 78 1861 193 2 178
FOSE

9ROMT2 Ra F NE. 17S 73 2158 0188 “2 me 1m 30 wu
FOSE

ORODM6T Rai M PROS 257 119 1154 0423 By 2m 39 a 1ss1
ORODMGS Rai M PROS 29 125 13 0241 2 2%69 208 277 157
ROTI Ra F PROS 175 83 141 0077 1372041 198 60 1804
ROOT Ra FE PFOS  1S3 73 2386 0099 99 1556 2 44 1473

9G000IS  Gpig M Veh 296 113 1752 0123 L347 Lond 103
9G0046  Gpig M Veh 298 119 227 0089 133907 Lend 97
9GO0SI  Gpig F Veh 274 119 1803 0188 12 5506 Lesnd 91
9G00S2  Gpig F Veh 289 142 221 007 09 ass 23nd 109

9G00047  Gpig M NE- 20 87 2127- 2 M3. ow
FOSE

9G00M4S  Gpig M NE. 226 85 2691 0013 07 393 17m 92
FOSE

9600053 Gpig F NE. 230 96 1764 0126 07 4168 177m 105
FOSE

9600s Gpig F NE. 236 89 283 0195 1s aml 128m 104
FOSE

9G00049  Gpig M PROS 215 72 1532- @ as. ow -
9G000SO  Gpig M PFOS 240 10 221 0074 09 4608 12700 97
9GO000SS  Gpig F PROS 221 84 1278 0031 09 6129 65nd 103
9GO000SS  Gpig F PFOS 237 74 1716 0016 14 S16 12 9%

©) insufficient sample fo analysis
(0d) notdetectable
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Appendix 10: Final Report for FOSA (T-7132.1).

Tile:
Comparative Molecular Biology of Perfluorooctanesulfonamide (FOSA, T-

7132) in Rats following four consecutive daysofdosing.

Final Report
February 18, 2004

Study Number: DT1S
Protocol Amendment Number: 2.
3M Medical Department Study Number: T-7132.1
‘Study Director: Andrew Seacat Ph.D.

Analytical laboratories:

1. Kendall B. Wallace, Ph.D. DABT.
Professor, DeptofBiochemistry and Molecular Biology
Schoolof Medicine
10 University Drive
Duluth, MN 55812-2496

2 DrXinLu
Department of Pharmacology and Physiology
601 Elmwood Ave, box 711
Rochester, New York 14642

Study Protocol Tide: Comparative Molecular Biology of Peroxisome Proliferation in
Rats and Guinea Pigs
Study Initiated:
In-Life Start Date: November 16, 1998
In-Life End Date: December 21, 1998
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Purpose:
‘The purposeofthis study Wasto treat three male rats treated with either no compound
(vehicle control) or 40 mg/kg/day perfluorooctanesulfonamide: C8F17SO2NH2. (FOSA,
PFOSA, FOSAmide, T-7132). The study was designed to evaluate the metabolism and
certain toxicological effects, such as hepatic peroxisome proliferation,ofthis compound
and to compare these effects to other compounds dosed at the same concentration.

Methods
Test Materials:
Perfluorooctanesulfonamide (FOSA, PFOSA, FOSAmide, C8F17SO2NH2 NB #
120067-108, G. Moore 10/28/00, T-7132) was investigated. The vehicle control was
propylene glycol.

Dose Groups:

‘Three male rats received propylene glycol as the vehicle control by oral gavage at a
volume of5 ml/kg body weight.

‘Three male rats recciveda dose of40 mg FOSA/Kg body weight, via oral gavage on days
one through four ofthe study, and were euthanized on day five. A suspension of8 mg/ml
of FOSA in propylene glycol was prepared, and a volume of$ml/kg was administered.
‘This dosing regiment achieved a cumulative dose of 160 mg/kg after four successive days
ofdosing. This dose was the sameasthedoseofPFOS administered under amendment |
of this protocol and is comparableto effective dose levels for hepatic peroxisome
proliferation in ratsof PFOS found in the literature. The LDS0 for FOSA is not known,
but the cumulative dose of FOSA administered under this protocol is below the LDS0 for
PFOS 251 mg/kg for PFOS in com oil, as apointofreference.

MethodofSpecimen Collection:

‘The liver was removed as rapidly as possible after euthanasia. The livers were divided
into~ 1 g pieces and flash-frozen directly in liquid nitrogen in tared polypropylene
(Nalgenc) containers. The containers were moved to dry ice and weighed afer all liquid
nitrogen had evaporated. The tissue was stored at -700 C and shipped on dry ice.

Sera:
Upto 10 mlofblood was collectedfromeach animal into glass serum tubes. Following
clotting, thebloodwascentrifuged for 10 minutes at 1100x g at 4° C. the sera was
transferred to new tubes and be centrifuged again for 10 minutes at 1100x g at 4° C.
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‘Two aliquots ofthe serum sample (~ 0.75 mi) were saved for possible metabolite
analysis.

Specimen Handling:
A 1-2 gram aliquotofthe liver samples that were flash frozen in liquid nitrogen were:
shipped in dry ice 10 the analytical laboratories listed according to the livers sample
identification chart below to:

Kendall B.Wallace, Ph.D. DAB.T.
Professor, Deptof Biochemistry and Molecular Biology
School of Medicine UniversityofMinnesota
10 University Drive
Duluth, MN 55812-2496

Liver samples were analyzed by previously published methods for P450 content, Lauroyl
CoA oxidase activity (Poosch and Yamazaki 1986) and protein content (Bradford 1976)
in the laboratory of Ken Wallace Dept ofBiochemistry and Molecular Biology at the
University of MN.

Another 1-2 gram aliquotofthe liver sample was sent to:

Dr. Michael Wempe
Laboratory of M. W. Anders
DepartmentofPharmacology and Physiology
601 Elmwood Ave, box 711
Rochester, New York 14642

Dr. Lin Xu performed the analysisofthese samples and provided abrief summaryof the
analysisofliver samples from rats given a rangeof fluorocarbons. The parent and
metabolitesofthe fluorocarbonswere determined in liver samples by LC-MS/MS using
previously published methods (Hansen ef al. 2001).

Liver Sample Identification Chartfor T-7132.1

[Sample#[Animal # [Species[Sex [DoseGroup |
T_TTT

[3 [iRo074z|Rat|WJoomol |
[210743[Rat[MJoontol |
[3[TRO07&4|Rat|WJoorkal |
[4 [iR00745|Rat|W_|40mgkgdayFOSA |
[5 ]iR00746|Rat |M40mokgiday FOSA |
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[&TiR00747|Rat]M J40mgikgiday FOSA
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Results and Discussion

Average body weightsofthe FOSA treatment group were significantly lower than the
controlgroupon days four and five (Table 1). Liver weights were not significantly
different between the treated and control groups, but the liver weight asa percentage of
body weight was significantly increased in the FOSA treatment group

The results of P450 content (Figure1) and Acyl CoA oxidase activity (Figure 2) for the
liver samples indicated that FOSA induced the expressionofthese proteins and FOSA is
therefore a hepatic peroxisome proliferator in rats.

‘The concentrationsofthe parent compound and metabolites in livers were measured
(Table 2). The data show that PFOS was the major metabolite found in the livers of rats
given FOSA and FOSA N-glucuronide was identifiedas a minor metabolite.
Approximately 0.3 percentofthe cumulative dose was present in the liver as either the
parent compound, FOSA,oras the metabolite PFOS, one day afer the last dose (Table
3). The low percentageofFOSA inthe liver and the apparent low conversion of FOSA to
PFOS has also been noted in in-vitro microsomal and liver slice metabolism studies (Xu
et al. 2003) which observed that FOSA was converted to PFOS in-vitro by liver slices at
a low rate, but not by microsomes or cytosol .

tis noteworthy that the control animals (1R00742, 1R00743, and IR00744) contained
significant concentrations of FOSA. Furthermore, no PFOS or FOSA N-glucuronide
were found in the control samples withahigh backgroundofFOSA. A parallel analysis
oflivers from Fischer 344 rats maintained in the University of Rochester Vivarium did
not show detectable concentrationsof FOSA. These results suggest that the control liver
samples for this study were contaminated at some point time ex-vivo by trace quantities
of FOSA, as no metabolism to PFOS or FOSA N-glucuronide had occurred in the control
samples
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Signatures:

Report prepared by,

Andrew M. Seacat, PhD, DABT Date
Study Director

Reviewed by,

Daniel C. Hakes Date
Sponsor representative
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Tables

‘Table 1 BiologicalParameters _
[DT15,Amendment#2 I [[](Comparative MolecularBiologyofPerfucroocianestfonamide (FOSA, 1-7 132) in Rats folowing
fourconsecutivedaysofdosing,
[DT15 Body Weight (BW),LiverWeight (LW),Thyroid Weight (TW) | —T

[Date Yt
2rtoi01 [2720]

DoseGroup [BW [BW [BW [BW [BW [LW (g) [LWIB [TW
dayt (day2 lday3 |day4 day We (0)

Ro | a0 0 rorseo wm x [oe
om 269 278] 37%)al | msmmowsrs

i - ? wr =
3[1RO07A con 5 280) 7070 KX| a

a| [ose] 266] 271 275] 281] 1075 071
C0] 11]1315 12 0.06]0.14%]0.14]

I TI [| [|TRO074[40mgkgiday [aan] om 4riors
5 [rosa
ROTH 40 iy|202 = Tos avis
6 IFosAR074” 40mgkgiday 25 25 T0584] 4 2%[10847 [Fosh

9 |“283 285 252 242 10.76)
CE [8100 qo] 41] 16] 0.090.34% 0.09]

PualveTTest| | 021 043 0.06] 002 001 044] 001 0.32

“T-Test (unpaired, on tiled, equal variance). A P-value of 0.05 wasconsidered significantly diffrentfiomcontol
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‘Table 2 Liver Fluorocarbon Concentration

Hepatic ConcetaionofFuorocabonsand Flurocarbon Metabolites iLiversofRatsGiven FOSA (40

iverspe rosa | rosa| glronide
pi | Avimal n pom | opm) | Gm

[1[wove]woot|ota0| oof isu od om

[5 [woos]wooo| wr| od oma od ow
[CoTwovss|wos | oawr| 163d 1957 aml oad
[5[woos]w rosa|omos| 21a was aml 0x9
eimone| bowToso| wd wd snl oud
mg/kg/day)

Note: nm. = notmeasured.
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‘Table 3 Percent Fluorocarbon Dose in Liver

SpT————T——TIO
iit

[Percent Dose in Liver 1 T_TTT 1]Sa ah Skoe TS [35% Pree [50050 on oe [0
(mg) |dose™ ((ppm) |(mg) loaner (ppm) |(mg) gd

from—di ;
[room]om [9 EEBa =[Teepe 14[T= 1]dd =peorTE

lavg |]|TT Twos | |
so1TTTea |
[lett1

|8[1R00746|FOSA|660.2]660.2|214.3] 2.32] 0.38 1741] 19] 029]
|___6[1R00747 [FOSA| 614.3] 614.3 2028] 2.16] 0.35]1639] 17] 0.8
avg|TT[49343 208] 032 177.90 1.91 _030
soTT| 1 T2681 020] 00s 1624] 0.18] 0.2
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Figures

Figure 1 Cytochrome P450 content in Liver

Total CYTP450 Content in Rat Liver Following Treatment With
HE FOSA
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Figure 2: Lauroyl CoA oxidase activity in liver

LCoA-Oxidase Activity in Rat Liver Homogenate Following
TreatmentWithFOSA
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