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Summary

Adult male and female Sprague-Dawley rats and Harlan guinea pigs received oral gavage
dosesof vehicle control (2% Tween §0), 40 mg/kg/day (mkd) perfluorooctanesulfonate
(PFOS, T-6295), 40 mkd or 160 mkd N-Ethy! perfluorooctanesulfonamido ethanol (N-
EFOSE, T-6316), or 40 mg/kg/day N-Ethy! perfluorooctanesulfonamide (N-E(FOSA, T-
6868) for four days and were humanely sacrificed on the fifth day. Male Spraguc-
Dawley rats received oral gavage doses of vehicle control (propylene glycol), 160 mkd
perfluorooctanesulfonamidoacetate (FOSAA, M556, T-7071),or 40 mkd
perfluorooctansulfonamide (FOSA, T-7132) for four days and were humanely sacrificed
on the fifth day.
All animals survived. The percent initial body weights were significantly decreased in
ats 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
concentrationsof > 600 ug/g. 40mkd 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 g/g and 200 gg, respectively.Neither40 mkd N-
EtFOSEof 40 mkd N-E(FOSA had a significant effect on body weight in rats. In the rat,
liver to body weight ratios were significantly increased by 40 mkd PFOS at average liver
PFOS concentrations of>600 g/g. Increasedliverto 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
and 40 mkd PFOS1091% and 93% initial body weigh, at average liver PFOS
concentrationsof 419 ug/g and 171 g/g, respectively. Guinea pig liver to body weight
ratios were unchanged. Guinea pig kidney 10 body ratios were significantly increased by
treatment in all the dose groups measured, i.¢. 40 mkd N-EtFOSE, N-EWFOSA, or PFOS.
In ats, 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 POS, 40 mkd N-EFOSE and 40 mkd N-EIFOSA. In rats, 40
mkd PFOS caused a significant increase in hepatic palmitoyl CoA oxidase (PCoAO)
activity, but 160 N-EiFOSE did not. Exposure of ras to 160 mkd N-EL-FOSE caused a
doublingofthe specific activity of lauryl CoA oxidase (LCoAO) and a 2-fold increase in
the concentration of mRNA encoding for PCoAO in rat iver, but catalase activity and
catalase mRNA were unchanged. Exposure of rats to 40 mkd PFOS caused a 2-fold
increase in LCOAO activityand a 3 to 6-fold increase in PCoAO mRNA expression in
rats. Treatment with 40 mkd FOSA or 160 mkd FOSAA caused a significant increase in
hepatic cytochrome P40 content and Acyl CoA oxidase activity in male ras.

PFOS was apparently a more potent peroxisome proliferator than N-EIFOSE. PFOS
significantly induced PCoAO activity whereas N-EFOSE increased, but did not
significantly induce PCoAO activity, even though both treatments achieved similarly
high liver PFOS concentrationsofgreater than 600 pg/Ke. PCOAO activity was not
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determined for the 40 mkd FOSA and 160 mkd FOSAA treated male rats, buta 2-fold
induction of acyl CoA oxidase activity occurred at relatively lower average liver PFOS
concentrations of 193 ug/g and 140 pig/g,respectively, with an equivalent or greater
fractionofthe 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-EFOSA. Neither40mkd PFOS or N-EFOSA, nor 40 mkd or 160 mkd N-E(FOSE
caused peroxisome proliferation in either gender of guinea pigs.

‘These results showed that PFOS, N-EWFOSE, FOSA and FOSAA al caused indications
ofperoxisome proliferation in rats, but not in guinea pigs. These results are in
concordance with effectsof classical peroxisome proliferators, in tha the response is
specific to certain species.

4
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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, perfluorooctanesulfonate (PFOS), N-Ethyl perfluorooctanesulfonamide
(N-EtFOSA) and N-Ethy! perfluorooctanesulfonamido ethanol (N-E(FOSE). By
amendment, two other compounds, perfluorooctanesulfonamido acetate (FOSAA) and
perfluorooctanesulfonamide (FOSA) were added to the study. The ultimate metabolite of
N-EtFOSA, N-EFOSE, FOSAA and FOSA was presumed to be PFOS, however there is
some debate about that The hypothesis tht 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 to peroxisome
proliferation. However, the molecular and biochemical mechanisms that differentiate the
response of these species to peroxisome proliferators for the perfluorosulfonamides was
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 activity of peroxisomal enzyme systems and fatty acid
binding proteins.

3. To perform standard toxicity testsofserum clinical chemistry and to examine the
liver for histological changes which may indicate an explanation for the species
differences seeninresponse to these compounds.

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

“This studywaspart ofa series of investigations designed to understand the
‘molecular and biochemical mechanisms for the effects of these compounds observed in-
vivo. ‘This study was carried-out in collaboration with other investigators. Dr. Ken
Wallace, UniversityofMinnesota Duluth, who has been engaged in studies designed to
understand the effectsofthese perfluorosulfonamides on mitochondrial bioenergetics,
performed molecular and biocheical analyses ofthe inductionofgenes associated with
peroxisomal proliferation and/or cel 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 University of Rochester.

Study Timelines:

‘This study (DT15-B)wasconducted in three parts, the protocol and protocol amendment
numbers 1 and 2. The protocol had an in-life start date of 11/16/98andan in-life end
date of 11/20/98. Amendment number 1 had an in-Jife start date of 3/1/99 and an in-life
end date of 3/5/99. Amendment number 2 had an in-life start dateof 2/19/01 and an in-
life end dateof 2/23/01. Amendment #3 was procedural only.

s
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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 fluorochemicals to the investigators. Analytical
documentationofthe starting material was the responsibilty ofthe sponsor. A chemical
composition specification sheet was kept on file. Compounds vere 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
structures of eachofthe 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), PFOS, FC-95, Formula: CSOs K*, MW = 538.1
g/mole).

3. T6316: N-ethylperfluorooctane sulfonamido ethanol, (narrow Range N-
Ethyl Perfluorooctanesulfonamido ethy! alcohol), N-EAFOSE. EtFOSE, FC-10,
Formula: CyF:SON(CHICH,CH,OH, MW = 571.06).

4. T-6868:  N-ethyl perfluorooctane sulfonamide, (perfluorooctane sulfonyl
ethylamide), PFOSA (as sated in the protocol, but not used for this compound in
this report), N-EFOSA, PFOSEA (abbreviation used by the 3M Environmental
lab), FX-12, Formula CuFy:SO;NHCHyMW = 527.2)

5. T-7071:  Perfluorooctanesulfonamido acetate, FOSAA, M536, (Formula
CIFSONHCH.CO0, MW ~ 536 g/mole)

6. T-7132  Perfluorooctanesulfonamide , FOSA, PFOSA (abbreviation used
by the 3M Environmental Lab), Formula CaF17S0:NH, FOSA, MW = 499.06
mole).

7. Wyeth14643 (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.

6
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Methods
The methods and dose groups for each partofthis study are summarized below. Detailed
methods are given in the protocol and amendments. Deviationsto the protocol are listed
in Appendix 1

DTIS-B Protocol Procedures
“The protocol had an in-life tart date of 11/16/98 and an in-life end date of 11/20/98.
Under the protocol, ight male and eight female Sprague Dawley Rats, 10-12 weeks old
weighing approximately 250-300 grams at the time of initiation were obtained from
Harlan Laboratories, Inc. Eight male and eight female Hartley Guinea Pigs 10-12 weeks
old and weighing approximately 600 10 750 grams a the time of initiation 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 suspension of each test
compound was prepared in 2% Tween 80 inaglass tissue grinder. The animals received
four consecutive daily doses. The dayofthe frst dose was designated day zero, thus the
doses were administered on days 0,1,2 and 3ofthe study. Rats received the test
compound suspended in 2% Tween 80 or the vehicle control by oral gavage at a volume
of2 mi/kg body weight. The guinea pigs receivedtheirdaily oral dose volumeof 2
ml/kg by droplet in the backofthe mouth. The animals were humanely sacrificed on
day4

Amendment Number 1 Procedures

Amendment number | had an in-life start date of 3/1/99 and an in-life end date of
3/5/99. “The purposeofamendment 1 was to add groupsofboth male and femal rats and
guinea pigs treated with vehicle control, N-EFOSE (T-6316) or PFOS (T-6295). The
histological and clinical chemistry resultsof the 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
10 replace the specimens that were lost and elevate the doseof 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-E(FOSE, a suspension of 80 mg/m] N-EFOSE in 2% Tween 80 was prepared and
a volume of2 ml/kg was administered by oral gavage to the ats and by droplet in the
backofthe mouth o the guinea pigs on days 0 through day 3ofthe study.
‘This dosewascomparable to the cumulative doseof N-EtFOSE that induced peroxisomal
PCOAO activity in the rat in a 4 week feeding study with 300 ppm N-EFOSE (Ref. 3M
Medical Dept. T-6316.1), and was less thanhalfof the LDS0.

7
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For PFOS, a suspensionof 20 mg/ml of PFOS in 2% Tween 80 was prepared, and a
volume of2ml/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 3 of the study. The cumulative
dose of PFOS delivered under protocol amendment #1 was ~160 mg/kg, as was used 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 purpose of amendment 2 was to add groups male rats treated with vehicle control,
perfluorooctanesulfonamidoacetate (FOSAA) or perfluorooctanesulfonamide (FOSA) at
doses equivalent to the doses of N-EXFOSE and PFOS, respectively, in protocol
amendment #1 in order to compare the effects and metabolite profiles ofthese
‘compounds in rats at equivalent doses. Amendment number 2 had an in-life start date of
2/19/01 and an in-life end dateof2/23/01. 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 timeofinitiation 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 at a volume of§ ml/kg body weight on days zero through day 3of the study. A
larger volume of5mL/Kg 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 of5ml/kg was administered by oral gavage to the rats on days 0-3. This dose
ichioved acumulative dose of640 mike FOSAA.
For FOSA, a doseof40 mg/kg body weight was administered via gavage to rats on day
zero through day 3 ofthe study. A suspension of8 mg/ml of FOSA in propylene glycol
was prepared, and a volume of5 ml/kg was administered by oral gavage to the rats. This
dose achieved a cumulative dose of 160 mg/kg after four daysofdosing. The dose of
FOSA was the same as the doseofPFOS administered under amendment #1of this
protocol. The LDSO for FOSA is not known, but the cumulative dose of FOSA
administered under this protocol was below the LDS0 for PFOSof251 mg/kg for PFOS
in corn 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 identificationof each liver sample sent to each lab is listed in
Appendix 2.

cAooz1
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Analytical methods

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

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

L-CoA Oxidase Assay ~ The equivalent of ca., 5 ug/ml tissue homogenate was
suspended in 60 mM KH;P0:-0.02 % Triton X100 (pH 7.4) containing | 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 H;0; 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 H;0; 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 H;O; disappearance as
quantified spectrophotometically at 240 nm. In his 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 Hz0;. 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'cm™) and expressed as units/mg
protein (Table 1). One unit ofactivity is defined as that amountof enzyme which
catalyzes the decomposition of | umole of Hy; per min.

Northern Blot Analyses - Quantitation of mRNA for both acylCoA oxidase
(ACOA) and catalase were performed by Northern blot analysis of quick frozen
liver samples from treated rats and guinea pigs. Approximately 1 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 sequence of the respective rat liver gene. mRNA

9
cneoRR



SRPTT-6295.8, 6316.4, T-68682, T-7071.1, T-7132.1
DrISH

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 details of the 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.EO1-0129). 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, perfluorooctanesulfonamidofethyDacetate (PFOSAA), that
was never dosed. The abbreviations used for each analyte that the lab usedas 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 G,F,S0y-, PFOS)
PFOSA=  Perfluorooctanesulfonamide (Formula CyF1,SO:NHy, FOSA)
PFOSAA = Perfluorooctanesulfonamido(ethylacetate. (This compound was also

referred 10 as Perfluorooctanesulfonamidoacetate in the raw data tables of
FACT TOX 107). (Formula CsF15SO:N(CaHs)CH2COO' , N-EWFOSAA).

EFOSE= narrow Range N-Ethyl Perfluorooctanesulfonamido ethyl alcohol
(FormulaCiSO:N(C:H:ICH,CH:OH, N-EWFOSE)

MsS6=  Perfluorooctanesulfonamidoacetate (Formula CiF,:SO:NHCH,COO
FOSAA)

PFOSEA= Perfuorooctane sulfonyl ethylamide (Formula CyFy:SONHC:Hy, N-
EFOSA)

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
Departmentof Pharmacology and Physiology, UniversityofRochester 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
palmitoy] Co-A Oxidase activity as an indicator of peroxisome proliferation using a
validated method based on published methods (Lazarow 1981). The principleof the
assay is that in the presence of palmitoyl-Co-A, the third stepofthe b-oxidation spiral
involves the reduction ofNAD to NADH, which can be measured spectrophotometrically
at 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.

1
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Results

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

The cumulative doses ranged from approximately 33 to 53 mg fluorochemical inrats,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 weightsof the guinea pigs that were dosed at different times were
greatly 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-EtFOSE 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 hada significant increase in liver to body
weight ratios. Male rats treated with PFOS, N-E(FOSEand N-EtFOSA at 40 mkd all had
significantly lowered kidney weights and kidney to body weigh ratios. Female kidney
weight and kidney to 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 dataare shown in Appendix 5.

Male and female percentofinitial body weights on day four were combined for each
dose group and analyzed together. Thecombined ra percent body weight was
significanly decreased by 40 mkd PFOS, FOSA, and FOSAA, and by 160 mkd N-
E(FOSE (Table 4). The combined guinea pig percent body weight was significantly
decreased by PFOS, N-EtFOSA and N-EtFOSA at 40 mkd, and by N-EtFOSE at 160
mkd.

Organ weight ratios (liver to body weight and kidney to bodyweight where available)
‘were combined for males and females independently from cach dose group in all parts.
ofthe study and analyzed together. Combining the relative organ weights was done to
increase the N for each dose group for analysis and is justified because the organ
‘weights have been normalized by body weight. PFOS at 40 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 any of the treatments given. Significantly
increased kidney to body weight ratios were found in guinea pigs treated with N-
EtFOSE, N-EtFOSA, or PFOS at 40 mkd.

n
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Liver Fluorochemical Concentrations
‘The liver fluorochemical concentrations in ats and guinea pig livers are summarized
from the analyses performed at the University of Rochester (Table 6), and at the 3M
Environmental lab (Table 7). The individual and summary liver fluorochemical
concentrationsdataare presented in Appendix 6. The 3M Environmental lab analyzed
liver samples from the PFOS 40 mkd and the N-EFOSE 160 mkd rat dose groups and
did not measure fluorochemical levels in the guinea pig livers. Aliquotsofthe livers that
were analyzed by the 3M Environmental lab were also analyzed by Drag Andres lab at
the University of Rochester. The individual rat liver data showed that one lotofthe
samples analyzed at Rochester had a high background ofFOSA in the control group. The
Rochester analyses tended to have higher PFOS and FOSA determinations than the 3M
Environmental lab, however the values for PFOS are lstedas + 35% accuracy, for
FOSAA 50% accuracy, and for FOSA, FOSAA, EXFOSE and N-EFOSA the values are
listedas 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 sumofthe
concentrationsofal fluorocheical species detected in the liver and designated
TLPFOSX, and for the amount of 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, Band D). In rats dosed
with PFOS, the percent ofPFOS dosed present in the liver as PFOS ranged from about 17
10.23 percent in both male and female rats, and was consistent between labs. In guinca
pigs dosed with PFOS, the percentage of the total amountof PFOS dose that was
present in the livers was 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 liversofguinea 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 University of Rochester and at the 3M Environmental for rats
treated with 160 mg/kg/day N-EWFOSE are about the same at each lab.

‘The UniversityofRochester analyzed both rat and guinea pig livers from animals treated
with either 40 mkd PFOS, N-E(FOSE or N-EWFOSA, or 160 mkd N-EtFOSE. The
TLPFOSX in guinea pigs treated with 160 mkd N-E(FOSE was lower than inthe rat,
particularly in the males guinea pigs. The percentof the dose that was present in the
liver as PFOSXwasapproximately 2-fold the percent of the dose present in the iver as
PFOS itself, in both guinea pigs and in most ats treated with N-E(FOSE and FOSA.
However, the female rats treated with 160 mkd N-EFOSE had greater than 70% of the
TLPFOSX as PFOSintheir livers. Conversely, the percentageof the dose that was
present as PFOS in the liver of ats treated with 160 mkd FOSAA had high levels of
FOSAA itselfand FOSA, with low levelsof PFOS.

2
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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 ach species and statistics
were performed.

In ats, 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 ats treated with 40 mkd PFOS, 40 mkd N-E(FOSE and 40 mkd N-E(FOSA, with the
most significant decreases occurring in the 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-EIFOSA dose
groups. These changes in clinical chemistry are consistent with previous studies with
PFOS and N-EtFOSE. Noneoftheotherclinical 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-EAFOSA, similar to the rat. Alanine
aminotransferase (ALT) was significantly increased by treatment of guinea pigs with 40
mkd POS. . None of the other clinical chemistry parameters were significantly different
from control values in ats.

Palmitoyl CoA oxidase (PCoAO) activity
Hepatic palmitoy] 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-E(FOSE at
160 mkd for4 days did not significantly increase hepatic PCOAQ in rats. No significant
change occurred in the guinea pig. Individual and summary PCoAO values for males and
females separately are shown in Appendix 8.

Peroxisomal enzyme activity and gene expression

The effects of four days of oral dosing of 160 mg/kg/day N-EWFOSE 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 er al.
2001). Acute exposure of rats 10 160 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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PcoAO 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 rats 0 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
PCOAO mRNA expression that was more pronounced in female compared to male rats.

Exposure of guinea pigs 10 N-E-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).

“Treatment of rats with 40 mkd FOSA caused significant increases in hepatic cytochrome
P450 content and Acyl CoA oxidase activity (Appendix 10). Treatment of rats with 160
mkd FOSAA caused significant increases in hepatic cytochrome P450 content and Acyl
CoA oxidase activity (Appendix 11). The induced the expressionofthese of these
proteins in liverofrats indicated that FOSA and FOSAA were peroxisome proliferators
in rats. 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 pig/g
and 140 ge, 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 equivalent or greater
fractionofthe total liver fluorochemical as did the FOSA metabolite PFOS and each of
these fluorochemical species represented approximately 0.3% of the dose in the liver. In
contrast, the FOSA-glucuronide present in FOSA treated rats contributed only a small
fraction of the TLPFOSX (Appendix 10).

In FOSAA treated rats, the metabolite FOSA, and the parent compound, FOSAA,
contributed an 2 10 3 times, respectively, the amount of the total liver fluorochemical than
did the metabolite PFOS, and represented approximately 0.14% and 0.24%ofthe 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-acety! metabolites of N-Et FOSE (N-
E(FOSAA, and FOSAA) are weaker peroxisome proliferators than either PFOS 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 a given time, but not in other groupsofcontrol samples
submitted at different times. The formationofPFOSA from PFOS treated animals was
determined in allof the liversofall PFOS treated animals that were analyzed at the
University of Rochester, and at the 3M environmental lab for the same samples, which
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had no background PFOSofPFOSA in the concurrent conirol from cither lab.
Clarificationofthe formation of the FOSA following treatment with PFOS should be
obtained in further studies. Whatever its route of formation, FOSA was metabolized to
FOSA N-glucuronide.

N-EWFOSE alcohol gives rise to a rangeofmajor and minor metabolites. FOSE alcohol
could arse from the N-deethylationofN-EWFOSE alcohol, and N-EIFOSAA could arise
by the oxidationof the alcohol 10 the carboxylic acid. Glucuronidationof the parent N-
EAFOSE alcohol would give the observed N-EtFOSE alcohol glucuronides. FOSAA
could be formed by the N-deethylationof N-EFOSAA or by the oxidationofFOSE.
alcohol, or both. FOSA could be formed by the N-deethylationof N-EXFOSA or by the
removalofthe carboxymethyl group of FOSAA as glyoxylate. FOSA N-glucuronide
may be formed by the glucuronidation of FOSA. Loss of the carboxymethyl group from
FOSAA would give FOSA or lossofthe glycine moiety would give PFOS directly

“The correlation ofa fewof the most significant toxic endpoints to. liver PFOS
concentrations were analyzed by dose group in ats 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-EtFOSE at 160 mk to 85% and 87% initial body weight, at
average liver PFOS concentrations of> 600 pig/g. The percent inital body weight was
also decreased in rats by FOSA at 40 mkd and FOSAA (M36) at 160 mkd t0 93% and
95 %ofinitial body weight, respectively, at average liver PFOS concentrations of
approximately 140 t0 200 g/g. A greater fractionofthe total fluorochemicl in the liver
ofthe FOSAA treated animals was present as the parent compoundoras the metabolite
FOSA. Similarly, the FOSA treated animals had a high liver concentrationofthe.
unmetabolized parent compound. Thus these perfluorosulfonamide fluorochemical
species likely contributed to the body weight effect to a greater degree than the
metabolite PFOS in the FOSAA and FOSA treatment groups.

“The rank orderofthe effect of the different reatment groups on increases liver weight to
body weight in rats was PFOSat 40 mkd > FOSA at 40 mkd > N-E(FOSE at 160 mkd >
FOSAA at 160 mkd occurring at average liver PFOS concentrations of> 600 jig for
PFOS and N-EXFOSE, apprximately193 g/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 10 body weight ratios ofthe PFOS treated rats were significantly
increased compared to control values by Dunnett’s t-test Correlationofthe clinical
chemistry endpointsofpotassium, cholesterol and triglycerides to liver PFOS
concentrations in rats are not shown due to the limited numberofdata points for each
determination.

‘The decrease in the percent inital body weight was most strongly effected in guinea pigs
by N-E(FOSE at 160 mkd and PFOS at 40 mkd and 0 91%and 93% initial body weight,
at average liver PFOS concentrations of 419 and 171 g/g, respectively. A greater
fractionofthe total fluorochemical in the liverof the N-E(FOSE treated guinea pigs was.
present as the metabolites FOSAA and N-EIFOSAA 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 wasalso 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-EtFOSE, at average liver PFOS concentrations of approximately 100 ug/g in the
N-E(FOSA treatment group and 66 g/g in the N-EWFOSE treatment group, respectively.
Only PFOS and FOSA were analyzed for in the liverofthe N-EtFOSA treated guinea
pigs. However, the 40 mkd N-EtFOSE treatment group guinea pig livers had a large
fractionofthe total fluorochemical in the liver present as the metabolites N-EtFOSAA
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 rats, were all
decreased, although non of these changes were significantly different than control. The
rank orderofthe decreased liver to body weight effect in guinea pigs was N-EtFOSA at
40 mkd > N-EtFOSE at 40 mkd > PFOS at 40 mkd > N-E{FOSE at 160 mkd. This order
is roughly the inverse orderofthe decreased body weight effect in guinea pigs for each ofthesedosegroups, Given th ack ofhe Ives esponscs in guinea pigs af eer
hepatomegaly or induction of peroxisome proliferating enzymes coupled with the fact
that an Intraperitoneal injection of 100 mg/Kg PFOS caused death in guinea pigs bu not
in rats (See DT15 A), suggests that the peroxisome proliferation in the rat is a protectivemechaniom.
Correlation of the clinical chemistry endpoints in guinea pigs showed that the rank order
of the effectof the different treatment groups on decreased serum potassium levels was
PFOS at 40 mkd > N-EtFOSAat40 mkd, occurring at average liver PFOS concentrations
of 148 ug/g and 100pg/g, respectively. In contrast, treatmentofguinea pigs with 40
‘mkd N-EtFOSE had no effect on the serum potassium levels at average liver PFOS
concentrationsof approximately 45 ug/g in female and 88 g/g in male guinea pigs.
Cholesterol and triglycerides concentrations in guinca 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, butnot guinea pigs, caused by these acute exposures. These dats provid strong evidence
that: 1) N-Et-FOSE and PFOS stimulate both the transcriptional and translational
expression of acylCoA oxidase in rats 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 o this effect of
fluorochemical exposures.

”
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Summary Tables

‘Table 1. Average Cumulative Dose
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Table2.Summary ofBody weights and BW chang
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“Table 4. Percent Initial Body Weight, Combined Data
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Table 5. Liver- and Kidney- to Body Weight Ratios, Combined Data.
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‘Table 6. Liver Perfluorosulfonamides and Metabolite Values from Rats and Guinea
Pigs. Analyses performed at the UniversityofRochester.
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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.
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‘Table 8 Hepatic Palmitoyl CoA Oxidase Activity, Combined Data
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Appendix 1. Deviations to the Protocol

‘The 3M Medical Department identification number for N-Ethyl
perfluorooctancsulfonamide, 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-EtFOSA
and for perfluorooctanesulfonamide was FOSA.

‘The protocol stated that the animals would be dosed on days ‘zero through 4of the
study”. Thatwas a typographical error, as evidenced by the fact that even the example
calculation in the protocol was for a 4-day dosing period, not a 5-day dosing period. The
actual dosing period was for days zero through three ofthe study, and the animals were
sacrificed n day fourofthe study.

Antal wir ot weighed in mos cases an dey one of the study, and in some cases on
day three of the study. In those instances, the previous days’ body weights were used for
determinationof dosing volume.

Protocol amendment #2 stated the Dr. M. Wempe at the Universityof Rochester would
perform themetabolite analysisofthe liver samples from animals treated with T-7071.1,
T-7132.1. Due to personnel changes, Dr. Xin Lu at the Universityof 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 of liver, kidney and testis were not performed. Serum
perfluorosulfonamides and metabolite values were not obtained.

Induction ofmRNA for the following genes associated with peroxisomal proliferation
andlor 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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Table3.Summary ofOrgan weights and Organ to Body Weight Ratios.
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Appendix2 - Analytical Liver Sample Lab Identification.

[Study7 [Tube [Goss [NecropeySpecimenlAmt [Amtsant [Amt [ATT[Record [number group [Date [Type [sentto fo [senttolsent to
(CovanceRocheste [3M [Univ

| © |ri4901 [Env MN
lab (1- [Duluth

19-01) [aie
nee oRoicoz [Com |Tuaosliver | 0411s I-19[NA |[1116528| pleroagas [con | Tir20meliver | _0328=7g— [-Ta[WA |11116106|__3(8R0A04TIF [Cont |Tira0/seliver |O4ddl-tq |-Tg [NA]
na'| SOW oon rides arenIspe]IPFOS, irFe [rer ee | omJee]IFOsE, 8ElOlaWA clwllla iRNA wllo

is
or [pepe]
IllI a i IN CHaca Tir20| oS Tglo
Ceeeo [Fose
[oe Fe Sri [Fose
ri[ee |e |ob |

re Eo|on[ep]i errosa|
pe re]
euTe ree= ’

Tacos|F T720G8 er 0 7slo
[besed TC 075 = Fre
|3/1/99- 1
[3arse 40(70[sRo0ABalN [Com| eeliver | 071-1 [=a[a
imkd [21 [5R0046SIF [Cont | si0liver | 07a7-1a_|-1g|=1a|PROS: [22oRo0470FCom |__Sfebliver | 0816-14 [1g[1a160mk oR00aGEM [Net| 3599 0884 3 ROCHE Tgfence [| Rote[Ser|ome Te |
[control 158 [8R00471| IN-et 3/5/99)[ween 80 Foe

»
[LIE



SRPTT-62058, T3164, T68682, T0711, T7132.1
brIsa

pe ee[ee epfFose
[27 [oRooaerii [pros| wemalver| 083=Tg |-7g |-7g|[28 [orooéoslm [pros| vsmoliver| 0stl~1a_|-Tq |-Tg|[29 [oRo0éralF prs| ysmolver | 07031 J-To |-1g|[30 JoR00i7alF [pros| aiseBliver | 0776=1g_|-Ta |-Ta |UdSCR CRRsA5
i AAFl ll es I Ife[eae]1
eeee pe2
oi|e [re fe]Ir Fose
Pr [peA Fose

Tere, | [we pe3 FOSE |

ge | | or[ep]a Fose
me [re pe

re me[oie | |o
[1eRepros[seme[omeTe |5 !
fe | | |ls

iDro | [ooraZW[Cot|BESOflier [NA [Te JA[To |
[—Z[TRuc7a3M [Cont|z2a0iliver NA |~1g NA |-Tg |[FSA | 3/1R00744lM [Cont |220001liver INA |=1a NA |-7g|liomua| 711RO0Ta8IM_[FOSAA|pr230iliver NA I-19 INA |-Ta |oe 8[1R007491M [FOSA | 223/0Tllver INA [=1g INA |-1q

Ven" |sliRo07s0lM_FOSAAT22a0tliver—NA—|-1a JNA [Ta]
contol ATR0074S|MIFOSA|212y01liverNA |-Tg INA |-1q |

[S[iRo07as MIFOSA|22ai0tliver INA J-Ta [NA =1a |[" eltRoo7a7]M [FOSA |2rsbiliver__INA__J-1a INA J-1g

0
©neoa3



SRPTT.62958, T6316, T8682, T7071, T1521oTIss
Appendix 3. Cumulative Dose Individual and Summary data.
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