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Chemical Control Division

Cffice Of Pollution Prevention And Toxics

United States Environmental Protection Agency
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Dear Chartie:

'14d0
PETVERE

Pursuant to our recent communications, 3M is enclasing additional
inforrnation on perfluorooctane sulfonates and related compounds. The
infarmation suppiements information submitted to you previously, including our
letters dated April 21, May 4, May 18, May 25, and Ju..@ 28, 2000. Again, we are
provic~.g s information on a voluntary basis as part of our continuing
discussions with EPA regarding fluorochemistry.

We are enclosing information on perfluoroortane sulfonates and related
compounds that either post-dates our most recent submission or has been
located as part of our continuing file search. The enciased information includes:

» Coples Jf post-1976 studies and certain other informetion relating to the
following heaith effects areas (i) acute toxicity; (i) genotoxicity; (ill) repeated-
dose toxicity; (iv) pharmac kinatics; (v) teratoiogy: and (vi) medical
survoillanc and epidemiclogy. We have organized this information in labeled
file foldems for each compound, and provided a detailed index, to aid EPA's
review. Some acute studies are enclosed, while less significant acute siudies
ar pes. only as bibliographic entries on tha index. The index aiso notey a few
minor carrections to earlier indices.

» Copies of post-1978 studi.s and csrtain other information relating to the
foliowing environmental science areas: (i) environmen:a! fate and transport
and (ii) environmental me 'to..13. These materials are contained in a
separate file folder with an incux in table form.
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S L Oﬁérqndosod"envlmnmml document contains information that qualifies as
el confidential business inform::*'on (CBI); we have enclosed a sanitized version of
‘that document, and are submiiting the unredacted version in a sealed enveiope.

.= Asinour prior submissions, many of the studies refer to the test
substance only by a 3M product identifation number with a “T~, “L" or "FC*
~ prefix. Although analysis of thy test substance has been included whers
“~‘available, it is often not possibie to determine from the study report itself the
identity of the test substance. Thus. we have 3M's historical records keyed to the
3M product number to detenmir.e the compasition of the test substance. Where
- available, the index provides composition information such as percent
- compasition, solvent context, salt form and purity grade for compounds not so
described in prior submissions. Please note that the term “narmow range"” refers
to a higher purity grade of @ compound. Finally, it should be recognized that
‘product formulations have evolved over the years; composition information may
not be cantemporanecus with the toxicology studies, and some of the test
substances do not constitute current products.
: 3M is continuing its file review and will supplement the enciosed
information as appropriste. 3M louks forward to discussing the enciosed

__information with you and other EPA staff. in the meantime, please do not
~ hesitate to contact me with any questions.

Very truly yours

Sdlar> Q. Shgfoman
William A. Weppner, Ph.D

Director of Environmental, Health,
s_-j-rg,lnd Ranuiatnry Affaiea -

S&odony Materiais Markets
3

Bidg 238-18-10

3M Center

St. Paul, MN 55144

(651) 733-8374 (phone)
(631) 733-1958 (fax)

E-mail: waweppner@mmm com

Enclosures
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ATTACHMENT TO LETTER TO C. AUER DATED AUGUST 31,

TOXICOLOGY AND MEDICAL SURVEILLANCE

PFOS Perfluorvoctane sulfonate =

Medi . . . v

1. Interim Report #1, Determination of Serum
June 8, 2000 (previously submitted to TSCA
convenience) .

Half-Lives of Several Fluorochemicals,
8(e) docket, included here for

2. Data regarding general population biood samples from several countries analyzed by
3M’s Environmental Laboratory in 1999 (no report was prepared).

Acute Toxicity

The following pre-1976 study was listed in the bibliography of acute studies with a prior
submission, but a copy is now being submitted for EPA's convenience:

I. Report by WARF Institute, Inc. and accompanying documentation, Primary Skin
Irritation and Primary Eye Irritation in Albino Rabbits, Sample T-1117 (FC-95),

November 7, 1974

L. Final Report, Acute Ocular Irritation Test with T-2997CoC in Albino Rabbits, Safety
Evaluation Laboratory, Riker Laboratories, Inc., Study No. 0882EB0009, 3M
Reference No. T-2997 (perfluoroethylcylclohexylsulfonate DEA salt), January 25,

2 Y-1gY
1>04.

Genotoxicity

I. Final Report, revised, In Vitro Microbiological Mutagenicity Assays of 3M Company
Compound T-2816CoC, SRI International, SRI Study No. LSC-8958, 3M Reference
No. T-2816CoC (PFOS DEA salt), March 1980.

fpo

Compound T-2997 CoC (perfluoroethylcyle

Final Report, In Vitro Microbiological Mutagenicity Assays of 3M Company’s

lohexylsulfonate DEA salt), SRI

International, SRI Study No. L.SC-8958, January 1981.

Correction to May 25 Index: Materials provided were incorrectly indexed as Letter from
E. Marshall Johnson to William C. McCormick. Index should read Letter from E.

Marshall Johnson to Dr, Franklin D. Griffith, re
and ethyl FOSE, November 12, 1982.

garding Riker teratology studies on PFOS
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-~ ATTACHMENT TO LETTER TO C. AUER DATES AUGUST 31, 2000
SUPPLEMENTAL SUBMISSION

~ 1. Additional Data on 26-Week Capsule Toxicity Study with Perfluorooctane Sulfonic

Acid Potassium Sait (PFOS, 3M Reference T-6295):

ay” D;riﬂ 'l"ath’ology Report (Ancillary Study), Electron Microscopic Evaluation of
Liver in Cynomolgus Monkeys (Recovery Animals), Study No. 6329-223,
Pathology Associates International, PAI Study Number EM 99.76, May 30, 2000.

b) Dataon TSH and Lipids in Cynomolgus Monkeys, Anilytics Incorporated,
reported May 2, 2000, with accompanying correspondence including letter from
Andrew Seacat, Ph.D. to Peter J. Thomford, Ph.D. dated March 6, 2000, and letter

“from Saroj R. Das, Ph.D. 10 Andrew Seacat, Ph.D. dated April 5, 2000 regarding
methodology

‘1. The following study was previously identified in the list of published literature; a
. copy now being submitted for convenience:

An Investigation of the Effects of Fluorocarbons on Liver Fatty Acid-Bigding
Protein, thesis submitted to the Graduate School of the University of Minnesota, by
Deanna J. Nabbefeld, April 1998,

Legend: FC1 = perflucrooctane sulfonic acid
FC2 = ammonium perflucrooctancate
FC3 = N-Ethyl FOSE
FC4 = N-ethyiperfiuorooctane sulfonamide

2. Final Report, 28 Day Percutaneous Absorption Study with FC-98 in Albino Rabbits,
Safety Evaluation Laboratory, Riker Laboratories, Inc., 3M Reference No. T-4980,
(perfluoroethylcyliciohexylisulfonate), Experiment No. 0< 79AB0630, March 15, 1981.

3. Final Report, Single-Dose Intravenous Pharmacokinetic Study of T-6684 in Rabbits,
Cuming Hazleton, Study No. CHW 6329-199, 3M Reference No. T-6684
(didecyldimethyl ammonium salt of PFOS), December 31, 1997,

4. Final Report, 5-Daily Dose Dermal Absorption/Toxicity Pharmacokinetic ©_ady of T-
6684 in Rabbits, Covance Laboratory, Study No. 6329-200, 3M Reference No. T-
6684 (didecyldimethyl amimonium salt or PFOS), December 31, 1997, {Draft of this
report was submitted to EPA with letter dated May 18, 2000.}
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PFOS Mixtures

Acute Toxicity (Bibliography Only)

1. Final Report, Primary Eye Irritation Study in Rabbiis, Hazeiton Laboratories
America, Inc., 3M Reference No. T-4016, January 28, 1987.

2. Final Report, Acute Oral Toxicity Study i: Rats, Hazelton Laborstories America,
Iric.. 3M Reference No. T-4016, February 9, 1987.

. Final Report, Primary Dermal frritation Study in Rabbits, Hazelton Laboratories
America, Inc., 3M Reference No. T-4016, February 27, 1987.

l POSF Perfluorcoctanesulfonyl fluoride
L

Ongoing Studies

1. Study Outline dated Junc 22, 2000 and Protocol dated December 30, 1998 for
Pharmacokinetic Study of POSF in Rats, 3M Reference No. T-7098.1.

N-EtFOSE alcobol N-ethyl perfluorooctane sulfonamidoethanol

A e bm TV e

Acute TOXICIY

1. Final Report, Acute Oral Toxicity (LDso) Study in Rats, FM-3422, International
Research and Development Corporation, 3M Reference No. T-2253, Study No. 137-
084, June 7, 1978

L kineti

1. Biotransformation of 14C-N-Ethyl FOSE in Rats After Administraticn in Feed for
One Week, Riker Laboratories, Inc., Jenuary 28, 1983.

The copy of the following item is submitted under PFOS:
An Investigation of the Effects of Fluorocarbons on Liver Fatty Acid-Binding

Protein, thesis submitted to the Graduate School of the University of Minnesota, by
Deanna J. Nabbefeld, April 1998,
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. ATTACHMENT TO LETTER TO C. AUER DATED AUGUST 31, 2000
i .. SUPPLEMENTAL SUBMISSION

-~ “1." Teratology Studies on FM 3422, 3M Reference T-3352:

a) Final Report, Pilot Rat Teratology Study, T-3352, Hazleton Laboratories
America, Inc., Project No. 154-159, May 11, 1983.

b) Final Report, Rat Teratology Study, T-3352, Hazleton Laboratories America, Inc.,

- Project No. 154-161, March 21, 1984,

c) Protocol, Rat Teratology Study (Segment IT), T-3352, Hazleton Laboratories
Aunerica, Inc., June 2, 1983. :

Correction To May 25 In.’ sx: Materials provided were incorrectly indexed as Letter
from E. Marshall Johnson to Wiliiam C. McCormick. Index should read Let'er from E.

~ Marshall Johnson to Dr. Franklin D. Griffith, regarding Riker teratology siudi=s on PFOS
and cthyl FOSE, November 12, 1982

N

Note: Mechanistic research on N-ethyl FOSE, 3M Reference Nos. T-3616.10, FM 3923,
is ongoing at the University of Minnesota under the direction of Kendall Wallace.
Documents regarding this research were submitted with the May 4, 2000 submission on
PFOS (see Mechanistic 1)(a)-(f)) but were not indexed under N-ethyl FOSE.

1. Final Report, Acute Oral Toxicity Screen with T-3067CoC in Albino Rats, Safety
Evaluation Laboratory, Riker Laboratories, Inc., Experiment No. 0981 AR0147, 3M
Reference No. T-3067 (narrow range ethyl FOSA), May 15, 1987

Correction to May 18 Submission: Three studies conducted by Coring Hazelton (CHW
61101149, CHW 61101150, and CHW 61101151) were erroneously listed on the May
18, 2000 bibliography under N-EtFOSA (Acute Toxicity bibliography only items 1 - 3},
These studies should not have been listed there. They did correctly sppear on the May 18
bibliography uncer PFOS and were provided under PFOS Acute Toxicity 1(a)-{c).
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Phanmacokinetic

L. Final Report, Single-Dose Intravenous Pharmacokinetic Study of T-5904 in Rabbits,

Hazleton Wisconsin, 3M Reference No. T-5904 (95-99%), Study No. HWT 6329-117,

ATTACHMENT TO LETTER TO C. AUER DATED AUGH

October 14, 1994,
Submitted above under PFOS: : -
An Investigation of the Effects ¢ { Fluorocarbons on Liver Fatty Acid-Binding

Protein, thesis submitted to the Graduate Schoot of the

Deanna J. Nabbefeld, April 1998.

Ongging

University of Minnesota, by

Mechanistic research at the Uaiversity of Minnesota under the direction of Kendail
Wallace includes N-Et FOSA, 3M Reference No. T-6868.1. Documents regarding this
research have been previously submitted with the May 4, 2070 submission nn PFOS (see
Mechanistic 1)(a)-(f)).

PFHS Perfluorohexsune suifonate
Medical § il { Epidemiologi

See item | under PFOS: Interim Report #1, Determination of Serrm Half-Lives of
Several Fluornchemicals, June 8, 2000.

FOSA or PFOSA | Perfluorcoctanesi./cnamide
[ S—

Medical S ill { Epidemiologic

See item | under PEOS: Interim Report #1, Determination of Serum Half-Lives of
Several Fluorochemicals, June 8, 2000.

Ongoing - Pt kiget

1. Protocol for Study No. T-7132.2; ST-39, Pharmacokinetic Study of Perfluorooctane
Sulfonamide in Rats, 3M Medical Department, Corporate Toxicology Laboratory,

In-Life End Date November 2, 1999, report on ir: life study pending. 'We are

providing a copy of the Laboratory Report, Analytical Report of Data for PFOSA
Pharmacokinetic Study in Rats (Sera and Liver), 3M Environmental Laboratory,
Laboratory Report No. FACT-TOX-145 (W2814), 3M Reference No. 1-7132.2,
December 6, 1999.
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- ATTACHMENT TO LETTER TO C. AUER DATED AUGUST 31, 2000

SUPPLEMENTAL SUBMISSION

| PFOSAA Perfluorooctsne sulfonylamido (ethyl)acetate
Medical Surveill { Epidemiologi

See item 1 under PFOS: Interim Report #1, Determination of Serum Half-Lives of

" Several Fluorochemicals, June 8, 2000.

acute Toxicity (Bibliography Only

1. Final Report, Acute Oral Toxicity Study in Rats, Hazleton Laboratories America,
Ine., Study No. 70905392, 3M Reference No. T-4101, FC-109 (19-23% PFOSAA
~Potassium salt in water), January 21, 1988.

2. Final Report, Acute Dermal Toxicity Study in Rabbits (OECD Guidelines), Hazleton

Laboratories America, I« , Study No. 70905393, 3M Reference No. T-4101, FC-10%
(19-23% PFOSAA Potas: .n salt in water), January 18, 1988,

3. Final Report, Primary Dermal Irritation/Corrosion Study in Rabbits, Hazleton
Laboratories America, Inc., Study No. 70905394, 3M Reference No. T-4101, FC-109
(19-23% PFOSAA Potuasium salt in water), January 18, 1988.

4. Final Report, Primary Eye Irritation/Corrosior: Study in Rabbits, Hazleton
Laboratories America, Inc., Study No. 70905398, 3M Reference No. T-4101, FC-108 .
(19-23% PFOSAA Potassium salt in water), January 12 1088

Mechanistic research at the University of Minnesota under the direction of Kendall
Wallace inclues PFOSAA, **4 Reference No. T-6896.1. Documents regarding this
research have seen previous:, submitted with the May 4, 2000 submission on PFOS /see
Mechanistic 1)(a)«(f)).

PFOA hﬂhmmnktem B

ARG e i

See ite:n | under PFOS: interim Report #1, Determination of Serum Half-Uives of
Several Fluorochemic.t. ;, June 8, 200Q.

QOOUVOS
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___ ATTACHMEN{ TO LETTER TO C. AUER DATED AUGUST 31,2000

SUPPLEMENTAL SUBMISSION

L. Final Report, Acute Oral Toxicity Study in Rats, Hazieton Laboratories America,
Study No. HLA 91201739, 3M Reference No. T-4416 (approximately 45% FC-143
solids ~ C;H,sCOO-NH.", 2.2% homologs, 50% water, 2.5% inerts), April 2, 1990.

2. Final Report, Primary Dermal Irritation/Corrosion Study in Rabbits (OECD
Guidelines), Hazleton Laboratories America, Study No. HLA 9120 1740, 3IM
Reference No. T-4416, February 14, 1990.

3. Final Report, Primary Eye Irritation/Corrosion Study in Rabbits (OECD Guidelines),
Hazleton Laboratories America, Study No. HLA 91291740, 3M Reference No. T-
4416, February 28, 1990.

Genatoxicity

L. Final Report, Mutagenicity Test on T-6358 Measuring Chromosomal Aberrations in
Chinese Hamster Ovary (CHO) Cells, Corning Hazelton Inc., Study No. 17388-0-
437, 3M Reference No. T-6358, FC-143, Lot 332, April 25, 1996, with protocol..

2. Final Report, Mutagenicity Test on T-6358 in an /n ¥ivo Mouse Micronucleus Assay,
Coming Hazleton Inc., Study No. 17388-0-455, 3M Reference No. T-6358, FC-143,
Lot 332, May 14, 1996, with protocol and protocol amendments.

Phagmacokinetics
Submiited above under FFOS:
An Investigation of the Effects of Fluorocarbons on Liver Fatty Acid-Binding

Protein, thesis sut .itted to the Graduate School of the University of Minnesota,
by Deanna J. Nabbefeld, April 1998

Qngoing

. Mechan.sic research at the Umiversity of Minnesota under the direction of Kendall
Wallace includes PFOA, 3M Reference No. T-6889.1. Documents regarding this
research have been previously submitted with the May 4, 2000 submission on PFOS
(see Mechanistic 1)(a)-(f)).
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ATTACHMENT TO LETTER TO C. AUER DATED AUGUST 31, 2000

SULPLEMENTAL SUBMISSION
7 ENVIRONMENTAL
[:l‘luc Laborstory or Author | Completion Date Type
Fluorochemical Characterization of Surface Centre Analytical 5/24/00 Final Report
Water Samples : Laboratories, Inc.
Commhm, GA (W2336)
' i Centre Analytical 5/24/00 Final Report
Laboratories, Inc.
Centre Analytical 5/24/00 Final Report
, Laboratories, Inc.
) l"emur, AL !\V 979; ,
Fluarochemical Characterization of Surface Centre Analytical 5/24/00 Final Report
| Water Samples Laboratories, Inc.
Mobile, AL (W2131) N | 34
Fluorechemical Charsoterization of Surfuce Centre Ataiyt... 5/24/00 Final Repost
Water Samples Laboratories, Inc.
Pensacola, FL (W2176) ,
Fluorochemical Charucterization of Surface Ceatre Analytical 5724/00 Report
Water Samples Laborutories, Inc.
Port St. Lucie, FL £W2363) . ,
luorochemical Characterization of Surfiace Centre An-lyﬁul August, 2000 Final Repont
Water Samples Laboratories, Inc. ;
Port St. Lucie, FL (W2363 i
Final Multi-City Study. Field Report for Batielle Memorial 9/29/99 Final Report
Mobile Alabama and Pensacola Florida — Inatitute {Addendmn
1 Daweiie DUXbury Activites sigoed on
] 10/1399) ) :
Final Muld-Clty Stndy Field Report for Battells Memocial 719/99 Final Report
Cleveland Tennessee and Decatur Alsbama — | Instinue (Addeadum
Battelle Duxbury Activities signed on
, 12/6/99)
Final Multi-City Study. Field Report for Bantelle Memoriai 102699 Final Report
Columbus Georgia and Port St. Lucie Florida | Institute i (Addendurm
- Battelle Duxbury Activities signed on
_f i 12/6/99)
Port St. Lucie Florida Water and Sediment Pace Analytical 81500 [ Report
Resample for the Empirical Human Exposure | Services, Inc.
Assessment Multi-City Study —— i I -
Sulfonated Perfluorochemicals: U.S. Relu:e Battelle Memonal 42172000 Fimi Baenes
Estimation - 1997 Part 1: Life-Cycle Wasw Instivute
Stream Estimates — Executive Summary
Q0001
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Title: Determination of Serum Half-Lives of Several Fluorochemicals

Stdy Protocol Number # 0007
Start Date: IRB Approval # 98095
Exempt XX Expedited
. Estimated Date of :
- Final Report: June, 2004
- IRB Approval Date: - 14 October 1998
 Principal Investigator: Jean M. Burris, RN, MPH!
Cosinvestigators: Geary Olsen, DVM, PhL
Cathy Simpson, RN?
Jeffrey Mande!, MD, MPH'
Study Divector: Jeffrey Mandel. MD, MPH'
Study Sponsor: Corporate Occupational Medicine Department
220-3W-05
Saint Paul, MN 55144

i Occupational Medicine, Medical Department, 3M Company. 220-IW.05, St
Paul, MN 55114

2. 3M Decatur Specialty Adhesives and Chemicals Plant, P.O. Box 2206, Decatur,
AL 35609-2206
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ABSTRACT

Previous uumam mdmgthe humlnsemm h:!f-leeaf e e
perflucrooctanesulfonate (PFOS) and perfluorooctanoate (PFOA) maedbemaen 1000-
1500 days and 365-530 days respectively [Olsen et al., 1999; Ubel etal, 1980]. These
estimates were based on very few subjects. We are currently in the process of collecting
data from 27 retired, fluorocherical production ~mployees in an effort to more
completely estimate the halt'lifc of PFOS and PFOA along with five other
fluorocheraical analytes. To date, preliminary analyses from three serum collection
periods 71 .ng a one compartment model suggests that the serum haif-life of PEOS in
these v=tirges is lir- 1y to be four-: Id lower than the range of 168U-. =0 av- Hea: WAS
previousl; - -ggesicd. The sm. fulife ot PFOA jn these retire_, appears g e
approximateiy one year, which is coinpareble to the estimate suagested by Ubel] et al
{1980]. Because of the lower limit of quantitation assayed for the other fluorochemical
analytes, we believe additional collection periods are necessary bs’ore serum half-life
calculations can be determined. There are several limitations to the current report, the
most important being the paucity of data available to date and the range of the serum
levels measured (PFOS range 0.2-2.0ppm; PFOA 0.1-3.1 ppm). We anticipate
completing two additional serum collection cycles before December 2000. Additional
dara should allow a better ussessment of fluorochemical half-lives of all participants in

this study.
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INTRODUCTION
__Although it has been reported that the serum half-life of perfluorooctanesulfonate

- (PFOS) and perfluorooctanoate (PFOA) in humans may range between 1000-1500 days
 and 365-530 days respectively [Olsen et al.. 1999; Ubel et al.. 1980}, such estimations
have been based on very few subjects. The purpose of this study is to determine the

* serum half-life from a group of Decatur and Cottage Grove retirees for the following
~ fluorochemicals: PFOS, ?PQA. perfluorohexanesulfonate (PFHS), N-ethyl
perfluorooctanesulfonamidoscetate (PFOSAA), N-methyl
' hﬁfﬂuomoctamulfonmﬂomta (M570), perfluorooctanesulfonamide (PFOSA). and
| ) 'ﬁerﬂﬁmunelnwonmﬁdmwe (M556).

METHODS
Twenty-four Decatur retirees and three Cottage Grove retirees have volumarily

participated in multiple serum sample collection cycies for fluorochemical analysis. The
~ majority of the twenty-seven participants are male, only two are female. All participants
are long-term 3M employees. They have worked an average of 28 years in cither the
Decatur or Cottage Grove chemical division. The average age of the participan: at the
time of the first collection is 60 years (range: 55-74). The mean number of months from
retirerment to the start of the study is 30 months (range: 5-130 months).
To date, there have been three Decatur collection periods: November 1998, June
1999 and November 1999. Cottage Grove retirees have parnticipated in twe collection
periods: June 1999 and November/December 1999, The next serum samphing is
scheduied for May 2000. Participants have received letters informing them of thewr

Page 3 000016
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individia! flu- chermic... esuits s dar Fave become &< ilabie from e Isboratory,

Each particip..: comple> 1 brief medical ais:ory queciionnuire conaining information -
about current med:catio.s, . nd di sease diagnosis. Responses have been keyed into a SAS
dataset and anaiy.<a by JM?¥ coftwa <.

High-performance liyuid chromatogrsphy mass sp» WU UaeTymass spevt rometry
has been utilized tn ans yz¢ Wl serum sampies (NWB,1999). All samples were anaiyzeco
by Northwest Bioanalytical Laboratory, Salt Lake City, Utah with the exception of the
MS556 and M570 from Novembcr 199, . The 3M Environmental Techrology an-
Services Laboratory analyzed these samples.

Half-lives were calculated assuming a one compartinent model. A log-linear
relationship was used to estimate the serum fluorochemical elimination haif-lize in
participating retirees. In this log linear relationship, the slope of the | .c is reiated to the
elimination constant (-k.;) via the equation: Slope = -k(2.303). Or < the elimnination
constant is calculated, the half-life is determined using the relationship: t, = 6937k,

(Medinsky & Klassen, 1996).

RESULTS

A total of 24 participants provided serum samples for each collection period. A
half-life was calculated for each of these individuals for PFOS and PFOA. Except for
PFHS, half-lives for the other fluorochemicals were not calculated as the majority was
below the limit of quantitation by the third collection. Because the assay measurement of

PFHS was inconsistent (e.g., many subsequently collected samples were at higher levels

Paged 00001




than initial samples), the calculation of the PFHS half-life was deferred until further

blood collections occur.

Table 1 presents the mean, median, range and 95% confidence interval of the
half-lives calculated for those retirees (n=18 for PFOS, n=20 for PFOA) who were
judged to have a good fit (* > 0.6) for a linear one compartmental modet for PFOS and
PFOA. At this time we have not included the other participants in these analyses for two

reasons: 1) lack of three data points for some subjects; and 2) lack of fit of model (ie.,

r90.6). The latter was often due to the fact that the second measurement was higher than

__thefirst. At this time we are uncertain whether this may be due to subsequent exposure,

'birdloliell— variation or assay error and/or variation. [Note: We are scheduled to collect
twd morc data points by December 2000. By that time we anticipate including all
participants in the analysis.)

The range of serum PFOS measured was 0.2 - 2.0 ppm (Table 1). The range of

serum PFOA measured was 0.1 - 3.1 ppm. All PFOS serum half-life calculations were of

maie retirees. Two of the 20 PFOA serum half-life calculations were of female retirees.

rAs can be seen from Table 1, the imnedian serum half life of PFOS was 270 days
(range 139-640) for the 18 male retirees whose log linear regression modei had an r* >
¢ 6. The median serum half life of PFOA was 344 days for the 20 male and female
retirees whose log linear regression model had an r* > 0.6. Restricting the models to 12 >
0.2 did not substantially change the half-life calculations for PFOS or PFOA. It shouid
be noted that the highest PFOA haif-life calculations were from the two femnale retirses:
654 and 1308 days. Neither age nor the number of months retired was associated with

the serum half-life calculations for PFOS or PROA .
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DISCUSSION

The results from this first interim analysis suggest that the serum half-difeof

PFOS in humans is likely to be four-fold Jower than the range of 1000-1500 days that -
was initially suggested [Olsen et al., 1999]. The serum half-life bf PFOA in humans
appears to be approximately one year, which is co:hpamble.tn the estimate suggested by
Ubel et al [1980]. Additional collection cycles will further refine these half-life estimates
and take into account the retirees who were excluded in this interim report due to lack of
fit of the one compartment model. This, of course, assumes a one-compartment model is
appropriate at the low ppm serum levels measured in this group of retirees.

Our results from this preliminary interim analysis should be interpreted cautiously
due to the paucity of data available to date. The fourth data point is scheduied to be
collected and analyzed by mid-summer. There are several additional limitations to these
interim data. To date, Cottage Grove retirees have participated in only two serum
collection cycles. Three of the twenty-four Decatur retirees have indicated at each serum
collection cycle that they have worked in a consuiting capacity in the 3M Decatur plant at
some point during the intervening six months. However, their log linear regression
models were considered to be of reasonably good fit (i.e., r* for PFOS > .80: r? for PFOA
2 .57). Four of the seven fluorochemical analytes (PFOSAA, PFOSA, M556 and M570)
measured below the lower limit of quantitation for more than 80% of the samples
prohibiting a reasonable half-life calculation. At this time we are uncertain why many
subsequent PFHS serum levels were higher than the first measurement. With additional
data we hope to define half-lives in these compounds although if levels remain below the

LLOQ this may not be feasible.
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back from Northwest Bioanalytical by mid-summer. Additional data should allow a
B better assessment of the half-lives of all retirees. The next interim report should be

- available by August 2000.
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Table 1

Half-Life Summary Data In Days For Those Retirees With Three Collection Periods

- R*>06

R?>08

R>06

R?>038

Whose Log Linear Models Had R? > 0.6

95% C1
N___Mean Median  Range  of Mean
18 303 270 139-640 228-378
16 303 259 139-640 217-388
20 389 344 109-1308 269-509
13 395 324 109-1308 204-585

Page ©
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Internal Correspondence

_ August 2000

Memo to Filere: ~ OQUS pooled samples

Pursuant to a review of my file, there are raw data for several other pooled human sera
sample results for PFOS dating from 1999. This data were assembled in our own 3M
laboratory from European blood banks subsequent to the preparation of the January 21,
1999 3M document entitled “Perfluorooctane Sufonate: Current Summary of Human

- Sera, Health and Toxicology Data.” The data are very consistent with that presented in

that paper. No formal report was made relative to these data. It is my understanding that
cach pool is comprised of 15-20 donors in each of three European countries. The results
which have been measured in ppb are:

1. Belgium - six pooled samples analyzed; range = (4.9 to 22.2); average = 17 ppb

2. Netheriands - five pooled samples analyzed; range = (39-61); average = 53 ppb

3. Germany ~ six pooled samples analyzed; range = (32-45.6); average = 37 ppb
Jeff Mandel
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November 14, 1974

irxe:s H. A. Birnbaum - 220-2E
: E. J. Deviny - 236-2B
C. G, Kla“' - 236"‘3A
J« D¢ LaZerte - 236-1
J. A. Pendergrass ~ 220-2E
kF. Au Uh.l - 220-23

T0: D. R. RICKER - COMMERCIAL CHEMICALS - 236-2B
" PM: J. E. LONG - MEDICAL DEPT. - TOXICOLOGY SERVICES - 220-2E

Attached please find copies of the reports on the
primary skin irritation and eye irritation assessments
cvonducted with your EL=-98 (T-1117) by WARF Institute.

FC-95 was found to be non-irritating tc the skin
of albino rabbits under the study conditions utilized.
No signs of dermal irritation were observed in any of
the test animals at any time during the study period.

~ This product was found to be minimaily to mildly
irritating to the eyes oI albino rabbits under the study
conditions utilized. The ocular irritation was limited
to that of the conjunctivae in the six test animals at
one, twenty-four, and forty-eight hours post-instillation.
No conjunctival irritation was observed at the 72 hour
examination. No signs of corneal opacity or iridal irri-
tation were observed in any of the test animals at any
time during the study period.

Flushinc the eyes with plenty of water immediately
upon contact should arrest/reverse the irritation pro-
cess.

Precautionary label text should indicate that this
product may be irritating to eyes,

R
A (i)
“JEL:mn

»”
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bees

H. A. Birnbaum - 220--2E

E. J. Deviny - 236~-2B

C. G. Klaus - 236-3A

J. D. LaZe te -~ 236-1- - .. ...
J. A. Pendergrass - 220-2E

F. A. Ubel -~ 220-2E

T-1117 = PC-95, CCH7410-16

October 24, 1974

Dr. Donald L. Harris
WARF Institute
Bioiogical Department
P.O. Box 2599
Madison, WI 53701

Dear Dr. Harris:

Under acparate cover, I am forwarding one 3M sample
labeled T-1117 to your laboratory. Please consider this
to be a regquest/authorization for WARF Institute to con-
duct aye irritation and primary skin irritation assess-
nents with this sample. ,

In order to assess the eye irritation potential,
piesse instil) one-tenth of one gram of test sample into
the conjunctival sac of six albino rabbits. Hold the
eyelid shut for one second and then examine the teat
eyes at cne, 24, 48, and 72 hours post-instillation and
score for ocular irritation according to the procedure
of Dreize.

For the purpose of agsessinyg the primary skin irri-
tation potential, apply five-tenths of one gram of teat
sample to intact (dry and wet; and abraded (dry and wet)
skin test sites. At 24 and 72 hours post-application,
examine the skin test sites and score for dermal irci-
tation according to the proucedure of Draize.

Dur purchase order for $200 will be forwarded toyau
in the ncarffuture,

We thank you for your asgsistance and cooperation in
this matter.

Sincerely yours,

J. B, Long, 5c¢.D.

Medical Department

Manager, Toxicology
Services

JEL 1mn : Q00027
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“Subject: Toxlcity Testing of

E. J. Deviny 236-2A FC-95, CC 7410-16
C. G. Xlaus 236-3A

20t 3. 8. long - Toxicology - 220-2E

C e o

FRON: D. Ricker - Comm. Chems. - 236-2B

As per your suggestion, please arrange to have the following
studies conducted on FC-95:

1) wﬂfinaryVSkinrlrritution Assessment
2)  BEye Irritation Assessment.

'2'i111 send you a sample of PC-95 tc be used for this testing.
Please let me know under what T No. this testing will be done.

‘Thank you

Bl

DR:4l
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ofadumumg,mwnl‘kaurar pdﬂxtnmouusmuwtnaybtunnhuthwtvninn orizot ﬁumrﬁuvhahmn.

- REPORT

Sample: T-1117 e i e - WARF -Wo.- ueaevx

Datc Received: 10-31-74

Submitted by:

J. BE. Long
3M Company
St. Paul, Minnesota 551061

Testing requested:

Skin Irritation
Eye Irritation

Conclusion:

Under the conditions specified the product has a primary skin
irritation index of zero and zero for both dry and wet applications
and eye irritation scores of 8.00, 9.33, 3.33 and zevoc at 1, 24, 48
and 72 hours respectively.

The product is not irritating to the skin and is irritating
to the eye. .

and for WARF Institute, Inc.

Report approved by: Date: November 7, 1974

Ph;cf'Patholcgilt/mnxicologilt .

0000zZY
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T WARF INSTITUTE, INC.

MADISON, WISCONSIN

~ Gample: w17 WARF No. 4102871

o Primnry Skin Irritation:

- Mathod:  Albino rabbits were used for this work. They

ware housed in individual screen bottom cages and fed water
~and rabbit chow ad libitum. The hair was clipped from the
back and flanks of the animal. Five tenths of cne gram of
test material was placed in intimate contact with the skin

Anin:l 24
" Numbay ‘Abza ra

rORM 204

on prepared test sites (intact-wet; abraded-wet), and covered
with gauze patch and tape to maintain contact with the askin.
After a 24 hour contact pariod, the coverings wers remcved
and the degree of erythema and edcma was recorded according
to the scale below. Readings were taken again at 72 hours
and the 24 and 72 hour readings used to determine the primary
skin irritation score.

no noted irritation
all sites read negative

O U Be L6B s

Primary skin irritation score: 0O
Scale for Evaluation of Skin Reaction

Erythems end Eecher Formation Score BEdems Formation  Score

811 ht erythema 1 8light edena (barely
ed erythema 2 perceptible)
Mndcrit‘ o severe arythema 3 Defined edema {edges

Severe @! ema to slight definite rising)
eachar formation 4 Moderate sdeama {(area

raised 1 mm)
Severe edema {(raiszed
more than 1 smm}

L I

Score eguals sum of erythema and edema resdings.
Skin irritaticon index egquals average of 24 and 72 hout scores.




ORI RS A

 sample: T-1117

MADISON, WISCONSIN o S

_ WARF Wo. 4102871

Primary Skin Irritatiom: R e
' Method: Albino rabbits were ussd for this wotk.r They

were housed in individual screen bottom cages and fed water - - e

and rabbit chow ad libitum. Th: hair was clipped from the
back and flanks of the animal. Pive tenths of ons gram of
test material was placed in intimate contact with the skin

on prepared test sites (intact-dry; abraded-dxy}, and coversd
with gauze patch and tape tc maintain contact with the skin.
After a 24 hour contact period, the coverings re  removed
and the degree of erythema and edema was recorded according
to the scale below. Readings were taken again at 72 hours
and the 24 and 72 hour readings used to detsrmine the primary
skin irritation score.

Results:
Animal 24 Hours 72 _Hours
Numbexr Abraded Unabraded Abraded Unabraded Average
1
2
3 no noted irritation
4 all sites read negative
5
6
Primary skin irritation score: 0
Scale for Bvaluation of Skin Reaction
Ervthema and Eschar Formation Score Edema Formation Score

Slight erythema

Defined erythema

Moderate to sevare erythema

Severe erythema to slight
eschar formation

Slight edema (barely
perceptible)
Defined edena (edges
‘definite rising)
Moderate edema (area
raised 1 mm)
Sever=s adema (raised
more than 1 mm)

& W
> W N

Score equals sum 5f erythema and edema readings.
Skin irritation index egquals average of 24 and 72 hour scores.

oL 3L



“Bample: T-1117
Eye Irritation:

oL W WARF INSTITUTE, INC.

MADISON, WISCONSIN

WARF No.

4102871

- Mathodr Adult albino rabbits of the New Zealand White variety were
placed in a collar such that the animals could not rub their eyes. One-
tenth of a milliliter (0.1 gm for solids) of test substance was instilled
4in_one eye, the other uhtreated eye sarved as a control.
albino rabbits was used for sach substance. The reaction
material was read according to the scale of scoring for damage to the
cornea, irias and the bulbar and palpebral conjunctivae at 1, 24, 48 and
72 hours after eye instillation. Any residue of the test material and
. accumulated discharge are flushed from the eye each time they are scored.

Adniniscration:

Concentration of test sample:

as submitted

A series of six
40 the test

Diluent or solvent: none
~ 8Special washing: none
Resulta:
Rabbit __Cornea Conjunctivae
Nunber Opicity Jisi Iris Redness Chesosia Dischargs
1 0 0 0 2 1 1
2 0 0 0 2 1 1
1 3 0 0 0 2 1 1
hour 4 0 0 0 a 1 1
s /] 0 0 2 1 1
6 0 0 0 2 1 1
i hour eyw iivritation scores ©.00
b B 0 0 0 2 1 1
2 (] 0 0 2 1 1
24 3 0 0 0 2 2 1
hours 4 0 L) 0 2 b { 1
5 0 0 0 2 2 1
6 0 0 0 2 2 2
24 hour eye irritation score: 9.313
1l 0 0 0 1 0 g
2 0 0 0 1l ¢ o
48 3 0 0 0 1l 1 s
hours 4 0 0 0 1 ¢ [+
5 0 ] 1] 1 i ¢
6 0 0 0 1 1 1
48 hour eye irritation score: 3.33
72 hour eye irritation score was zero. All readings were negative.
vOOuiL
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IN VITRO MICROBIOLOGICAL MUTAGENICITY ASSAYS

OF 3M COMPANY COMPOUND T-2816CoC

Final Report, Reviged
March 1980

By: Kristien E. Mortelmans, Ph.D.
‘Director, Microbial Genetics Department
and
Anne Pomeroy, Microbiological Techanician

Prepared for:
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Se. Paul, Minnesota $3101
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Toxicology Services
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SRI International examined M Compauy's Compound T-2816CoC for
mutagenic activicy with strains TAL535, TAIS37, TAIS38, TA98, aud
TAlQ0 of Sslwmomells typhimurium in the stacdard Azes Salmonella/microscme

assay and with the yeast Ssccharomyces cerevisise D3. Each assay vas
performed in the presence and in the absence of a rat liver mstabolic

acrivacion system. Compound T-2816C5C was not mutagenic or recombinogenic

in any assay performed.



INTRCDUCTION

, ‘SR Intetnltianal exaninad 3M Company's Compound T-2816CoC for
"nutcgcnicity by in vitro microbiological assays with strains TA1535,
TALS37, TA1538, TA98, and TAL00 of the bacterium Salmonella typhimurium
in the standard Anmes Salmonella/microsome assay and with the yeast

~ Saccharonyces cersvisiss D3. An Aroclor 1254-stimulated, rat liver
homogenats metabolic activation system was included in the assay proce-
dures to provide matabolic steps that the bacteria eithar ars incapable
of conducting or do not carry out undex the assay conditions.

i The assay procedure vi:hig, typhisurium has proven to bs 80 to 950%
reliable in detecting carcinogens as mutagens, and it has about the same
' rqlt;bili:y'tn identifying chemicals that are not carcinogenic. The
‘assay procedure with 8. cerevisise is about 60X reliable in detecting
earetuojcna as agents that increass mitotic recombination. However,
because the assay syscems do not alvays provide 100X correlation with
carcinogenicity investigations in animals, neither a positive nor a
negative rasponse conclusively proves that a chemical is hazardous or

nonhazardous to man.

|2
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Saimonella typhimurium Strains TAIS3S,
TALS537, TA1S538, TA98, and TAIOO ] o

The Salmonella typhisurium strains used at SAT are all hiscidine
auxctrophs by virtue of mutatinus in the histidine opercn. When these
hiscidine~dspendent cells are grown on minimal medium agar plates
containing a trace of his:idino. only those cells that revert to hisci-~
dine independence (his ) are sble to form colonies. The small amount of
hiscidine allows all the placed bacteria tc undergo a few divisions; in
many cises, this growth is essencial for mutagenasis tao occur. The his

rsvercants are easily visible as colonies againsc the slight background
The spontanecus mutation frequency cof each strain is rela-ively

groweh.
conscant, but when a mutagen is added to the agar, the mutation frequency

is increased, ususlly in a dose-related manner.

We cbtained cur S. typhimurium strains from Dr. Bruce Ames of the
University of California at Berkeley. 1In addition to having mutacions
in che histidine cpercn, all the indicator strains have a mutation {cfa)
that leads to a defective lipopolysaccharide coac; they also have a
deletior that covers genas involved in the synthesis of rthe v :amin
bictin (bie) and in the repair of ultraviclet (uv)-induced DNA danage
(uvr8). The rfa mucaction makes the strains more permeable to nany large
aromatic molecules, thereby increasing the nutagenic effect of these
molecules. The uvrB mutation causes decreased repair of some types of
chemically vr physically damaged DNA and thereby enhances the strains’
sensicvivicy to some mutagenic ageats. Strain TAlS)5 is reverted to his
by many mutagens that cause base-pair substitutions. TAlOO is derived
from TA2333 by the introduction of the resistance transfer factor,
plasmid pKMIQL. This plasmid is believed to cause an increase in error-
prone DHA repair that leads to many more mutations for a given dose of

@ost munagens. In addition, plasmid pKMIOl confers resistance to the

3
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antibiotic ampicillin, which is a convenient marker to detect the presence

. ‘of the plasmid in the cell. The presence of this plasmid also makes
~ . strain TA100 sensitive to some frameshift mutagens [e.g., ICR-191,
-~ -~benzo(s)pyrene, aflatoxin B,, and 7,12-dimethylbenz(a)anthracens].

WSErclni"TM1537 and TA1S538 are reverted by many frameshife sutagens.
Strain TA98 is derived from TA1538 by the additicn of the plasmid
- pKMI01, which makes it more sensitive to some mutagenic agents.

All indicator strains are kept at 4°C on ainizmal agar places

'aqpplincﬂ:ld with an excess of biotin and histidine. The plates with
~ the plasmid-carrying strains also contain ampicillin (25 ug/ml) to

tasure stable maintenance of the plasmid PRM101. RNew stock culture
plates are nade every 4 to 6 weeks from single colony isclates that have
been checkad for their gemotypic characterisctics (his, rfa, uvrs, bio)

and for che presence of the plasmid. For each axperiment, an inocculum
from the stock culture plates is grown overnight at 37°C in nucrient

~ broth (Oxoid, CM67).

Aroclor
Some carcinogenic cheaicals (a.g., of the arocmatic amino type or
the polyeyclie hydrocarbonm type) are inactive unless they are matadolized
to active forms. In animals and 23n, an enzyme system in the liver or
othar organs (e.g., lung or kidney) is capable of wetabolizing a large
nuaber of these chemicals to carsinesens. Some of thase interamdiace
mecabolites are vary potent sutagens in the §. purium test. Ames
has descrided the liver metabolic activation system that we use. In
brief, adult male rats (230 to 300 §) are given a single 500-mg/kg
intrapericoneal injection of Araclor 1254 (a mixture of pelychlorinated

biphenyls). This treatmeat anhances the synthesis of enzymes invelved
Four days afrer the injectionm,

in the metabolic conversion of chemicals.
the animals' food is removed but drinking watar is provided ad lidicum.
Oa the fifth day, the rats are killad and the liver homogenate is gFrapared

as follaws.
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The livers are Mmpuunywphﬂhtm

‘sterile glass beakasr. nnumnnmhlshnnbu5ntn1nh

sequent operations ars conducted in sn ice bath. The Itvers ars vulud
with an squal volume of cold, -staxile U.15 M KC1 (I ul/g c” wet ‘organ), .
oinced with sterile surgical scissors in three vbl:-:; of 0.15 M KC1,

and homogenized with a Pottar-EZlvehjen apparatus. The homogenats is
centrifuged for 10 minutes at 9000 x g, and the lmllt, taferrad co
asche S-S fractiom, is quickly frozem in dry ice and stored at -80°C.

The metabolic activation mixvure for each -xpt:inluu emutt of,

" for 10 mi:

. 1.00 ml of 5-9 fraction

- 0.20 ml of MgCl, (0.4 M) and RC1 (1.6% M)

. 0.05 ml of glucose-6-phosphate (1 M)

- 3.40 ml of NADP (3.1 M)

. 5.00 ml of sodium phosphate buffer (0.2 M, pBR 7.4)
- 3.35 @l of H,0.

Assays in Agar

To a sterile 13 x 100 em test tube placed in a 43°C heating block,
we add in the following ordar:

*
1) 2.00 ml of 0.6% agar
(2) 0.05 wl of indicator organisms
(3} U.50 ml of metsbolic activation mixture (if appropriasce)

(4) Q.05 ml of a solution of the test chemical.

This mixture is stirred gently and then poured onto minimal agar plates.
After the tep aga: has set, the plates are incibated at 37° C for 3 days.
The number of his revertant colonies i{s counted and recorded.

*I‘he 0.6Z agar concains 0.05 oM histi‘ine, 0.05 mM blotin, and 0.6% NaCl.
“Minimal agar plates consist of . per liter, 15 g of agar, 10 g of glucose,

0.2 § of MgSQ,*7Hs0, 2 g of citric acid monohydrate, 10 g of X,PO., and
3.5 g of VAHVH.POu'AH.O.
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B For negative contcrols, we use steps (1), (2), and (3) and 0.0S m1

. of the solveant used for the test chemical. For positive coutrols, we
test each culture by specific mutagens known to revert cach strain,

The yeast S. cerevisise D3 is a diploid microorganisa hsterczygous
~ for a iu:n:iun leading to a defective enzyms in the adenine-metabolizing
. pathway. Wher grown on medium containing adenine, cells homozygous for
this mutation produce & red pigment. Thase homozygous mutants can be
generatad from the heterosygotes by mitotic recombinarion. The fraguency
of this recombinaticnal event may be increased by incubating the organisms
. with various carcinogenic or recombinogenic agents. Tha recombinogenic
- &ctivity of a compound or its metabelite is detarmined from the number
~of red-pigmented colonies zppearing on test plates.

A stock culture of S. cerevisiae is stored at 4°C. For each
experiment, broth containing 0.05% MgSO., 0.15% KH,PO,., 0.43X (NH,),ScC.,
0.332 peptone, 0.3X yeast axtract, and 2% dextrose is inoculated with a
loopful of the stock culture and incubaced overnight at 30°C wich
shaking.

The 1o vitro yeast mitotic recombination sssay in suspension is
conducted as follows. The ovarnight culcture is centrifuged and the
cells are resuspended at a concentration of 10° calls/ml in 67 =M
phosphate buffar (pl 7.4). To a ster‘ie test tube are sdded:

. 1.00 ml of the resuspended culture
e 0.50 ml of either the metabolic activation mixture or buffer

. 0.20 ml of the vest chemical

. 0.30 2l of buffer.
Sevaral doses of the test chemical sre cested ia each experimens, and
appropriate controls ara included.

The suspension mixture s incubated at 30°C for & hours on &

a
*

roller deum. The sample {s then diluted serially in sterile phvsicicgic




"cuzmmumwuummapmz.awmm

szliine, and 0.2 =al of che 10~sand 10™°. ‘ﬁutim is- Mumz e

are spread wirh the 10™* dilucion sud thras plates sre sprusd with the

107* dfiution. The plates are incubated for 2 days at 30°C, followed
by 2 days at 4{°C to enhsnce :Indtvtlcmot the red pigmene indicative

of adenine-deficient homosygosity. Plates mnlwtn; tha 10~* dilucton

are scaoned with a dissecting microscope at 10 X sagnificacion, and the

number of mitotic recombinants (red colociss or rad Sectors; Is racorded.

The surviving fraction of organisms is deterained from the total aumber

of colonies appearisg on the plates of the 10~* diluciom.

The oumber of mitotic recombinants is calculated per 10® survivors.
Iy assay is indicared by a dosa~-rulaced increasa

A positive response in i
9f more than 3-frld in the absolute numsar of mitotic recombirnants per

miliilicer a3 well as in the relative number of mitoric recombinancs per

10% survivors.

~d
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RESULTS AND DISCUSSION

- Compound T-2816CoC was tested for mutagenicity in the Ames

__J.__mglnlucrosom assay and with the yesast Saccharomyces cerevisiae D3
in the presence and in the absence of a metabolic sctivation system. The

compound vas tested at least twice on separate dsys in both assays. The

: ’ru’u&n are prssented in Tables 1 zhrough 3.

In the Amas Salmonells/aicroscme assay, T-2816CoC was inftially
tasted in a preliminary assay with strain TAlOGC over a vide range of

concantrations, from 10 to 5,000 ug/plete. Toxicity wvas cbserved st
& dose of 3,000 ug/plate (Table 1). Ethanol was used as the solvent

4in a1l assays.

The results of our tests of T-2816CoC with five strains of S. typhi-

muriyn in che Ames Salmoungllaimicroscae assay are presentsd in Tadles
2 and 3. No toxicity or dose-related increase in the number of reverzants
vas observed in these assays.

The results of the microbi~logical assays with S. cerevisiae 23 on
T-2818CoC are presented in Tables & and 5. The compound was tested
&t concentrations from 0.05 to 5.0%. No toxiciry or significant dose-
talated increase in che number of mitotic recombinants above background

.. wan observed.

We therefore conclude that Compound T-2816CsC was not mutagenis
vith S. typhimyrium or recombinogenic with S. cersvisiase 23,
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ABSTRACT

The objective of this uﬂymthWtﬁtmwm
(FCs) bind liver fatty acid-binding protein (L-FABP) and displace endogenous fatty acids
(FAs) as an initisl event leading to peroxisome proliferation. The goals of the study were
to assess the effect of FCs on L-FABP function as evaluated by the ability of the

fluorescent FA analogue 11 - (5-dimethylaminonapthalenesulphonyt) - undecancic acid
(DAUDA) to bind to L-FABP isolated from rats and guines pigs treated snd not trested

with FC! in vivo; and to assess the potency of FC1, FC2, ¥C3 and FC4 for binding to L-
FABP.

Results show a decreased maximune binding capacity of L-FABP from FC1 treated rats
without an increase in Kd. The most potent L-FABP binder was FC1, followed by FC4
and (with equal ICy08) FC3 and FC2. Results for guinea pig L-FABP sampies were
inconclusive. This may be because guinea pig samples were only partially purified; thus
resulting in a high degree of interference from remaining cellular debriz and a lower
concentration of L-FABP, as a proportion of total protein, as compared to rat sampies.

INTRODUCTION

STURDY OMECTIVES

This study was designed to investigate the hypothesis that certain fluorocarbons (FCs)
bind to liver futty acid-binding protein (L-FABP) and displace endogenous fatty acids
(FAs) as an initial event leading to peroxisome proliferation. To examine this hypothesis,
the kinetics of FA and FC binding to L-FABP were investigated with an in vitro binding
assay using the fluorescent FA analogue 11 - (5-dimethylaminonapthalenesulphonyl) -
undecanoic acid (DAUDA). FC1 and FC2, kncwn peroxisome proliferators, and FC3 and
FC4, suspect peroxisome proliferators, were examined. Wyeth-14,643 (WY), a well
known peroxisome proliferator, was used as the positive control and methanol as the
negative control. Oleic acid, 8 FA known to bind to L-FABP with a very high affinity, was
used to measure the maximum L-FABP binding. (Figure 1 - structures). L-FABP from
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" male rats (considered to be strang responders to peroxisome proliferators) and male
~ guinea pigs (considered to be weak or no-responders to perorisome proliferators)
" (Svoboda, Grady and Azarnoff, 1967; Orton et al., 1984; Lake and Gray, 1985; Elcombe
. and Mitchal, 1986), reated or not treated with FC1 in vivo, were examined.

“The goals of the study were as follows:
l)mlﬂmm#?&ww@&mﬁmuwwmmﬁDAUDA
" to bind to L-FABP isolsted from rats and guines pigs; and
_ 2 to aseess the potency of the various FCs for binding to L-FAIP.
& L-FABP from rats and guinea pigs, treated and not treated with
FC1, was isolated;
b. the maxinwm binding capecity or receptor number (Bmax) of each
L-FABP sample and the dissociation constant or affinity (Kd) of DAUDA
" for each L-FABP sample were calculated; and
¢. the concentration of oleic acid which inhibited 50% of specific
DAUDA binding to isolated L-FABP sarmples, the oleic acid ICy for each
sample, was measured.
The second goal was achieved by calculating the ICy of each FC for the binding of
DAUDA to the isolated control rat L-FABP semple.
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LivER FATTY ACID-BINDING PROTEIN
" The exact roie of L-FABP, a member of the intracellular lipid-binding protein (iLBP)
mmly uunclw(&u,l(nhumdom 1993). It is found predominately in the
' Mttﬂdnptuﬂmhmnmmmwmmm
mm,mmmuh(nug 1985; Bass, 1988; Sweetser, Heuckeroth

. and Gordon, 1987; Vincent and Muller-Eberhard, 1985; Chan e al., 1985; Gordon ez af.,
_ 1982; Sorof and Custer, 1987). Accepted functions of L-FABP include binding and

- VVWFMM&NLWMMMMW&&HW

“maintaining the concentration of free fatty acids (FFAs) below toxic levels (Bass er a/,
1993). L-FABP is unique to the iLBP family in that it has a lerger binding cavity
(Thompeoa ef al., 1997); broader ligand specificity (binds muMtiple hydrophobic
compounds such as heme, certain eicosanoids, bilirubin, thyroxine, steroids, specific
1990; Ockner ¢f al,, 1972; Rolf et al., 1995; Thumser, Voysey and Wilon, 1994; Khan
and Sorof, 1990; Levi, Gatmaitan and Area, 1969); and the ability to bind two molecules
per protein while other iLBPs bind only one (Thompson et af., 1997).

The crystal structure of rat L-FABP (Thompson ef al, 1997) reveals two short antiparaliel
a-helices positioned over one end of an | 1-stranded antiparaliel f-barrel. This differs from
other iLBPs, which are 10-stranded, but does not significantly alter the conformation of
the protein. A cavity is formed within the B-barrel thet serves as an internalized Ggand
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mmmmmmmuﬁmﬂm tnm:nnaw o

bonds. The function of this gap ummummmmm
range of motion in L-FABP compared to other iLBPs. This localized conformational
flexibility may contribute to the broad Egand specificity exhibited by L-FABP.

Two L-FABP binding sites exist, and interact allosterically. Crystal structures of the
protein prepared with oleic acid have characterized the primary binding site by an
internalized carboxylate and a U-shaped hydrocarbon chain. Fatty acids bound in the
primary binding site interact with Argiz, a conserved residue in all iLBPs; and are
surrounded by protein atoms, structural water and nearby stoms of the secand bound FA.
The oleic acid in the primary binding site is involved in hydrogen bond interactions at the
carboxy! group with Ser®® Arg'® and Ser'*. The secondry binding site is characterized
by having the carboxvylate of the second oleic acid near the surface, and the hydrocarbon
tail inserted toward the center of the molecule and between the U-shaped hydrocarbon
chain in the primary binding site. The carboxylate at this site is solvent-acceasible, but still
involved in 2 network of hydrogen bonds with residues forming the entrance to the
primary binding cavity. The two ligands are in physical contact and it is believed that they
influence each others relative affinities. Structural data suggest the second site may not
exist until the primary site is filled, or that the prior presence of a FA in the primary site
may be required for anything larger that a C,FA to bind the secondary site (Thompson et
al., 1997).

5
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" FLUOROCARBONS
-~ Fluorocarbons (FCs) are compounds structurally analogous to hydrocarbons with the

" bydrogens replaced with Buorines. The FCs under investigation resembie long chain FAs,
:rrl;lr\;itrl”srawwmd.pohrhadmp.TheuilsofPCsuemomtigidin
structure than the tails of FAs, however, and thus the conformational flexibility of FCs is
" more restricted than that of FAs (Zisman, 1964). FCs have unique chemical and physical
* properties such as being very heat stable, inert and chemirally and electrically nonreactive
(Bryoce, 1964; Bankes, 1970; George and Anderson, 1986; Gilliland, 1992; Clark et al.,
indus&hlm(mya. 1964). FCs are components of products including household
cloaners, Jeather treatments, insecticides and fire-extinguishing foams; used as surfactants
in the aqueous polymerization of flucrinated monomers; and used in industrial processes
such as insulating, cooling, wetting, and corrosion inhibition (Bryce, 1964; Bankes, 1970;
George and Anderson, 1986, Gilliland, 1992; Clark er a/., 1973). Despite the usefulness of
these chemicals, some are known to cause mitochondrial inhibition, cholestasis,
peroxisome proliferation and tumor formation in rodents (Gilliland and Mandel, 1996;
Langely, 1990; Tkeda ef al,, 1985; Pastoor e al., 1987; Hasrision er o/ , 1988; Abdeliatif e
al.,, 1991),

Permadi o7 al.(1993) smuggest chain length of FCs influences the severity of effect, finding
the greatest significance exhidited by Cy compounds followed ciosaly by Cy compounds,
work of Feller and Intrasukari (1993) agreed with that of Permadi ef of (1993), and added

6
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length from 4-9 carbons for the effect of structure on toxicity. They found Cy FCs to
produce effects at & 1mm@m&mwsﬁo&'mmsmbemw
toxic. Although the effects seen in rodents have not been seen in humans, the potential for
curmlative and long-term buman toxicity resulting from contimuous exposure to low
concentrations of FCs is of concern (Gilliland and Mandel, 1996; Gilliland, 1992).

PEROXISOMES & PEROXISOME PROLIFERATION

According to Small (1993), peroxisomes (als: called microbodies ar, in plants,
glyoxysomes) are single membrane-limited cytoplasmic organelles present in most
eukaryotic cells. The major function of peroxisomes is the B-oxidation of FAs «n:d FA
derivatives (Mannaerts and Van Veldhoven, 1993). Peroxisomes contain no DNA,; ratuer,
their proteins are synthesized on free polyribosomes in the cell cytosol and imported into
pre-existing peroxisomes post-transiationally. It is believed that new peroxisomes form by
fission from existing peroxisomes.

Peroxisomes have been shown to proliferate following exposure to a diverse class of
chemicals referred to as peroxisome proliferators (Green, Issemann and Tugwood, 1993).
The mechanisin by which this occurs is unclear. Peroxisome proliferation is thought to be
mediated by peroxisome proliferator activated receptors (PPARs), nuclear hormone
receptors which, upon binding ligand, recognize specific DNA sequeace motifs located
upstream of the peroxisome proliferator target genes (percxisome prolifers’~+ response

7
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elm (PPRE3)), and activate specific gene transcription (Isseman and Green, 1990;

- Dryer . r etal., 1993). Due to ‘he diversity of peroxisome proliferators shown to activate

~ PPAR (Green et al., 1993), speculation exists over a direct modulation of PPAR by
peroxisome proliferators, and an indirect me<’ anism is suggested. In addition to chemical

and xenobiotic peroxisome proliferators, natural fiactors such as a high fat diet, starvation
 and disbetes (Flatmark eral, 1988; Ishii 1 al., 1980; Ishii, Horie and Suga, 1980; Horic,
- Fukusnori and Suga, 1991; Gottlicher, Widmark and Gustafsson, 1992) have been shown

t0 cause peroxisome proliferation. This correlation between peroxisome profiferation and
' FA metabolism suggests that PPAR serves an important role in lipid homeostasis (Vanden
" Heuval, 1996). It is probable, thus, that PPAR activation represents a physiological
response to a biological stimulus, likely a factor involved m FA metabolism (Greer ez o,
1993). Possible stimul/PPAR Higands inchuda stercids, FAs and derivatives of FA
metabolism, and cholesterol metabolites (Green e7 al., 1993). Target genes include those
for acyl-CoA oxidase (Tugwood ef al, 1992; Feller and Intrasuksri, 1993), L-FABP
(laseman et al,, 1992) and P4S0 a1 genes (Groen ef al., 1953).

Significant interest surrounds the issue of peroxisome proliferation because some
peroxisome proliferators have been shown to causs hepatocellular carcinomas in
laboratory rodents (ivioody e? @/, 1991; Vanden Heuval, 1996). The mechanism by whi. b
peroxisome proliferators cause cancer in rodents is unknown. They are classified as a
novel class of epigenic chemical carcinogen (Vanden Heuvel, 1996), are nonmutagenic
the Ames assay and do not appear to bind DNA (Conway e al., 1989; Coben sad Graswo,
1981; Reddy and Lalwani, 1983, Stott, 1988, Reddy and Rac, 1989, Lake ez af | 1990)
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mlemmmwmmmmww
mmmmwmﬁmtmxmw
replication (Marsman ef af., xm)wmamwm
{Schuite-Hermann et af., 1989). Green et al. (1993) propose peroxisome proliferators are
«complete carcinogens™ which exhibit a combination of iitistion (oxidative radical
production) and promotion (liver mitogenesis), possibly lemiing to sustained DNA
replication depending on the compound and dose. Doubt about & causal relationship
between peroxisome proliferation and carcinogenesis in rodents exists, however, and the
relevance to human heaith is unciear (Tucker and Orton, 1993).

Mammalian sp: ies differ in their response to peroxisome proliferators (Lake and Gray,
1985; Rodricks and Turnbull, 1987). Rats are considered strong responders, and guinex
»igs and nonhuman primates low to non-responders (Svaboda et al., 1967, Orton e: ul.,
1984; Lake and Gray, 1985, Elcombe and Mitcheli, 1986). Slight to no increase in
peroxisomes were found in human patients trested with colfibrate (Hanefeld, Kemmer and
Kadner, 1983) and fenofibrate (BYimcke ef a/., 1983), drugs used in the treatment of
hypercholesterolemia and known peroxisome proliferators in rodents. Many hypothesize
that if a causal relationship does exist between peroxisome proliferation and
hepatocarcinogenesis, it is specific to rodents and not a risk to man (Tucker and Orton,

1993).

Other well documented cffects of peroxisome proliferators in rodents include inhibition of

mitochondria B-oxidation (Elcombe and Mitchell, 1986, Eacho and Foxworthy, 1988,
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Fomnhyandﬁacho 1988; Lock, Mitchell and Eicombe, 1989, Wallace, 1998),

Mnofmﬁmﬂﬂ-ondmmmdm-ondanmmﬂnﬁkmeddymdum

1903 Hnwldnsad 1987), induction of L-FABP expression (Bass, Manning and
Oclmur 1985 ma«wmw 1989; Fleischner et al, 1975),

- cholestasis (Elcombe and Mitchell, 1986; Foxworthy and Eacho, 1988; Lock et al., 1989;

" Van Rafeighem of al., 1988) and hepatomegaly (Moody ef al., 1991).

FATTY ACID CATABOLISM IN THE HEPATOCTTE

" Froe fatty acids (FFAs), formed by the breakdown of triacylglycerols stored in adipocytes,

mwﬁdinthcbbodbymlhmmdmtedmhepnmbyms

: W,whammwmmmmﬁmm){sm

mwm 1986, Stremmel ¢f al., 1985). Oncs in the cell, FFAs are picked up
by L-FABRP and, under routine conditions, the majority are transported to the
mitochondria for B-oxidation, a process by which FAs are degraded to aceryl-CoA by the

phosphorylation, and results in the synthesis of ATP and ketone bodies. In order to gain
entry into the mitochondria, FA must first be converted to acyl-CoA esters by acyi-CoA
synthetases, FA specific enzymes loceted in the mitochondrial outer membrane (Singh,
Derwas and Poulos, 1987). The rate of FA entry into the mitochondria is regulated by
camitine acyl-transforase 1, a second enzyme located in the outer membrane of the

1987). Once inside the mitochondria, acyicamnitines are converted back to by acvi-CoA

i+
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by caritine scyltrmnsferase L, e degraded by mitochomdrial -
CoA (McGarry and Foster, 1980; Bieber, 1988). Acetyl-CoA is shutled into the cytosol

by the citrate transport system for cholesterol and lipid syrthesis (Stryer; 1954). The key
mmmmofwmkmwofmmu
mitochondria which, as stated sbove, is coutralled by carnitine acyl-tranaforase L. The
activity of carnitine acyl-transferase I is controlled by the sbundance of malonyl-CoA, the
first committed intermediate in FA synthesis (McGany and Foster, 1980). According to
Bass et al. (1993), under conditions of increased FA biosynthesis, malonyl-CoA
production is increased. Malonyl-CoA is produced from scetyl-CoA in a reaction
catalyzed by acetyl-CoA carboxylase, an enzyme controlled by reversible phosphoryistion
responding to hormone signais and the presence of fatty acyl-CoA (Moran and
Scrimgeour, 1994). When fatty acyl-CoA levels are low, acetyi-CoA carboxylase activity
is high. This enhances the conversion of acetyl-CoA to malonyl-CoA. When malonyl-
CoA is plentiful, the activity of carnitine-acyltransferase | is limiter. This causes the rate
of mitochondrial B-oxidation to decrease; FFAs to accumulate; acyl-CoA production and
hence cholesterol synthesis to slow; and the rates of alteram. routes of FA cataboliam,
peroxisomai -oxidation and o-oxidation in the endoplasmic reticulum (ER), to increase

(Lock et al., 1989).

Peroxisornal f-oxidation is normaliy responsible for catabolizing most, if not all, of the
very long chain fatty acids brought into the hepatocyte (Singh ef al., 1981, Singh ¢ al,
1984; Lazo et al., 1990; Jakobs and Wanders, 1991). This system is also capeble of
oxidizing medium and long chain FAs and previously activated CoA esters of medium and

1
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long chain dicarboxylic acids. Under normal conditions, however, mitochondrial B-

omdmon ation is the dominant route of catabolism for such substrates (Singh e al., 1987).

WWMMMW&MW&

| o:ddlﬂon.hom important differences exist. First, the enzymes used in each process
MMMW. 1987). Secondly, peroxisomal -oxidation does not
”M?&hd&mm&wumwwmﬁ,

-~ peroxisomal B-oxidation stops after s few cycies, only shortening the carbon chain
: (umw 1978; Thomas et of., 1980). Thirdly, peroxisomal B-oxidstion is not coupled
| tommwmmmwmunmm&
~ oxidation (Lazarow and de Duve, 1976; Mannserts 7 al., 1979). Thus, while
produces hydrogen peroxide and heat. The rate of peroxisomal B-oxidation is thought 1o
be controlied by substrate supp!y, specifically the activity of acyl-CoA oxidase, which
annliadumhwmmm&nmcfwwp‘
mm«&.nm Miyszawa et al., 1983). Like substrates for
their acyl-CoA derivatives, however, peroxisomal f-oxidation is not dependest oo
carnitine acyl transferase [, as is mitochondrial B-oxidation (Mannserts and Van
Veldhoven, 1993).

o-Oxidation in the ER, a P450 1vo; mediated process, is reaponsidle fxr converting
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catabotism (Suzuli er af, 1989). The ER aiso cxidizes bile acid istermediates and is sble
10 esterify very long chain fatty acids (Singh and Poulos, 1988; Laxo et al,, 1990). A |
prerequisite of esterification is activetion Of FAS to their CoA derivatives (Manneerts and

Van Veldhoven, 1993). @-Oxidation in the ER is enbanced in cases of FA overioad (eg
uncontrolled diabetes) or inhibition of mitochondrial B-oxidation (Mortensen and
Gregersen, 1981; Goiden and Kean, 1984; Mortensen, 1986; Vianey - Lisud et of., 1987);
and like peroxisomal f-oxidation, ®-oxidation is not dependent on camitine acyl
transferase I (Mannaerts and Van Veldhoven, 1993).

HXroTHRESIS
As stated above, exposure to FCs leads to mitochondrial inhibition, cholestasis,

peroxisome proliferation, and tumor formation in rodents. Three of these endpoints -
mitochondrial inhibition, cholestasis and peroxisome proliferation - are directly linked to
FA metabolism. This study was designed to test the hypothesis that an initial step in FC-
induced peroxisome proliferation is displacement of FAs from L-FABP by FCs. This
hypothesis is supported by the fact that L.-FABP has been shown to bind nongenotoxic
peroxisome proliferators, including certain FCs, in viro (Vanden Heuvel, 1996 Issemann
et al., 1992), with relative strengths of binding that parallel their ability to elicit
peroxisome proliferation (Brandes et al,, 1990; Kanda er a/., 1990; Cannon and Eacho,
1991). According to the theory un ler question, upon displacement of FAs from L-FABP,
the intracellular levels of fitty acyl-CoA would decrease. This would increass the activity

13
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e of acetyl-CoA carboxylase and enhance the conversion of acetyl-CoA to malonyl-CoA.
- Anincresse i the level of malonyl-CoA would repress the activity of carnitine
_ scyltransferase 1, and inhibit mitochondrial B-oxidation. o-Oxidation in the ER would be

enhanced, increasing the production of dicarboxytic acids. PPARs would be activated, by

" the binding of FAs or metabolic intermediates such as dicarboxylic acids, and specific gene

transcription of acyl-CoA oxidase, L-FABP and P450 v, would be induced. A positive

" relationship between the amount of L-FABP and the rate of peroxisomal B-oxidstion bas
pmmmunm. 1980), and the level of acyl-CoA oxidase is thought

1983). Thus, increased transcription of acyl-CoA oxidase and L-FABP would increase
rates of peroxisomal B-oxidation and elicit peroxisome proliferation. Induction of P450rva;
genes would further inorease the rate of @-oxidation in the ER. Cholesterol synthesis
would eventually cease in response to mitochondrial inhibition and lack of acetyl-CoA

: pmmuummmummnmwm-ca& This

would lead to cholestasis. The mechanisms by which carcinogenesis could be induced or
promoted will not be discuseed.

i4
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Wyeth-14,643 (WY) was obtained fror bnSnSmMLm.KS. FCs
were provided by 3M Speciality Chemicals Divisiou, St. Paul, MN; Optifluor LSC-
cocktail was obtained from the Packard Instrument Compeny, Mriden, CT: AMICON
YM-$ membrane was purchased from Amicon Corporation, Lexington, MA; BCA Protein
Assay was obtained from Pierce Chemical Company, Rockford, IL; and 11-(5-
Dimethylaminonapthalenesulphonyl)-undecanoic acid (DAUDA) was purchased from
Molecular Probes, Eugene, OR. All other chemicals were obtained from VWR Scientific,
West Chester, PA.

ANIMALS AND TREATMENT
Male rats and guinea pigs, 6-8 weeks of age, weighing between 150 and 250 grams were

purchased from Charles River Labs, Wilmington, MA . Following an adaptation period of
one weoek after arrival at 3M, animals were weighed, ear-tagged and exjosed. The
treatment groups consisted of the following:

1. Guinea Pig Vehicle Control - Tween 80, 2% (n = 4);

2. Rat Vehicle Control - Tween 80, 2% (n = 4),

3. Guines Pig FC1 - FC1 in Tween 80, 2% (n = 4); and,

4. Rat FC1 - FC! in Tween 80, 2% (n = 4).
All treatments were administersd by intraperitoneal (ip) injection. The vehicle control
groups were dosed at Sml / kg body weight 2% Tween 80. The FC1 groups were dosed at
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5 mi/ kg body weight with a suspension of 32 mM FC! in Tween-80, 2% (86 mg FC1 /

_ observed for mortality and clinical signs of toxicity during the first four hours afer dosing.
1 24 hours, and daily thereafter for the duration of the study. Animals were sacrificed
with CO, 12 days ater dosing. Body weights and selected ongan weights (live, kidneys,
M)@rwum.mmmwymﬁdsmmmn-

- 70°C for biochemical analysis or in 10% buffered formaldehryde for subsequent

- histologioal analyas. Selected livers were perfused with and stored in ghuteraldehyde for

Protein purification was performed at the University of San Francisco, CA (UCSF) Liver
Research Center. Thres frozen livers (rat FC1, guinea pig vehicle control, snd guines pig
FC1) were shipped in dry ice from 3M to UCSF. These livers and one fresh Liver, from a
"~ pon-treated tat (control) sacrifived at UCSF, were purified.

Frozen livers (approximately 10g each) were thawed and weighed. The fresh kiver
(approximately 10g) was isolated and perfused with isotonic saline. Each liver was
homogenized 30% (w/v) in ice-cold 10mM potassium phosphate buffer, pH 7 4, using
Teflon-glass Potter-Elvehjem tissue homogenizer. The homogenates were centrifuged for
20 mimtes at 10,000g in & Sorvall superspeed RC2-B centrifuge maincained st 4°C  The
supernatants were removed and subsequently centrifuged for one hour at 38-40,000 rpm
(4°C) in a Beckman L7 Ukracentrifuge. The resulting supernatant (cytosol) was nbeled
with 0.5uCi of 1-14C oleate to trace the L-FABP during purification.

i%
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buffer, pH 7.4. Mmsﬁmdﬁmbwim¢tﬂnwmnfmdyl4 :
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W&M(S@wﬁdm:ﬁﬁhmdﬁmﬁtw
Tri-carb 4530 scintillation counter was used to assess L-FABP activity. Fractions with L-
FABP activity were pooled and concentrated to spproximately Smi using a vacuum: filter
apparatus fitted with an AMICON YM-5 membrane. Guines pig samples (control and
FC1 treated) were concentrated and frozen at this point. Rat samples (control and FC1
treated) were further purified as follows.

The concentrated solution was loaded on a Sephadex G50 (fine) gel filtration column (2.5
x 45 cm) equilibrated with 10mM potassium phosphate buffer, pH 7.4. The flow rate was
approximately 0.9 mi/minute. Sixty fractions were collected at & volume of
3.48ml/fraction. The fractions containing L-FABP activity were pooled and concentrated
to approximately Sml. The concentrated cytosol was dialyzed overnight at 4°C against
30mM Tris-HC], pH 9, using a Spectrapore Membrane MWCO 3,°C). The sampie was
then applied to a8 DEAE-ceilulose column (Whatman DE-52, 1.25 x 15c¢m or 2.5 x 15cm)
previously equilibrated with 30mM. I'ris-HCl, pH 9, (degassed). The column was eluted
with 30mM Tris-HCL, pH 9, (degassed) followed by a linesr gradient of N 1 (0-0.2M) in
30mM Tris-HCL, pH 9. The flow rate was approximatly Imi/minute. "w<..iy fractions,
7.8 mi each, were collected.

17
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~ Homogeneity of the final rat coatrol and rat FC1 fractions was assessed using sodium
ri»ﬂwm/mwmm(sosm@)mmmm

: by’t&Wofadmmﬁnmcwwmmmu.ooowm
(m)m.m«n) Protein concentration of all ssmples was determined using the

. bicinchonic acid (BCA) protein assay by Pierce with BSA as the standard (Table 1).

~ None of the samples were deiipidated..
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Pmmmmhumdmmmm-qwmub '
standard. Vﬁmmamtmmﬁm '
FRACTIONS , , ALPROTEIN

- CONCENTRATION (pg/mi)
PURIFIED , :
Rat Control 123.1 = 13.7
Rat FCi 3088+ 14
PARTIALLY PURIFIED
Guines Pig Vehicle Control 17557+ 101
Guinea Pig FC1 1021.0 + 129.7
FLUORESCENCE MEASURBMENTS

Fluorescence measurements were based on the work of Wilkinson and Wilton (1986). All
assays were carried out at room temperature using a slit with of 5om in a SPEX 1681
0.22m spectrometer, SPEX Industries, Incorporated. A stock solution of DAUDA,

. e oo A b alacites el £ nn Y.
a.im&‘Vl,W“prtmeywwly mmtgsvrmuupvwn pucsSpummc \nH‘}rvq} ‘G‘uum pas

7.2, to ImM DAUDA in methanol. All further dilutions of DAUDA w .re in SOmM
KH,PO, pH 7.4. All dilutions of L-FABP samples were in 50mM KH,PO, pH 7.4. All
FCs, WY and oleic acid were dissolved in methanol. All measurements were made after
binding had reached equilibrium.

The maximum emission and excitation wavelengths (nm) and average maximum

fluorescence intensity (FI) (cpm) were determined for |uM DAUDA binding to each L-



o

FABP sample. L-FABP, from original undiluted stock, was added to 2ml 1uM DAUDA in
__aliquots of 1.6 -114p! (depending on the concentration of protein) until no further change

in emission or excitation wavelength or FI was detected. The range of protein

mmnﬂommﬂyadforuch L-FABP sample was 0.1uM-3uM. Excitation scans,

from 250-400nm using an emission wavelength of 500nm, and emission scans, from 350-

~ 600nm upon excitation at 350nm, were performed with each addition. FI (Em. 500nm,

Ex., 350nm) was measured following each addition of L-FABP. Curves of FI versus

~ conoentration of L-FABP, representing an average + standard deviation of 3 trials, were
" constructed for each L-FABP sample. The three highest FI values for each curve were
7'|vam&wmmmﬂﬁrDAUDAmma¢m

s ﬂ‘ II‘ I II I° 7m’ e A
Total binding of DAUDA (0-8uM) to each L-FABP semple was determined by adding 2-
20p! aliquots of 0.1mM DAUDA to 2m! 1uM L-FABP. Increased FI (Em. 500nm, Ex.,

assensed by satursting L-FABP binding sites with oleic acid and performing the same
titration. Aliquots, 2-20, of 0.1mM DAUDA were added to & 2mi solution of 1aM L-
FABP and 100p! oleic acid. Specific binding of DAUDA to each L-FABP ssmple was
determined by subtracting nonspecific binding from total binding.

ANALYSIS OF THE LFFECT OF FCS OF L-FABP
Calculation of DAUDA Biadiog C 3 (Ke Baw
to units of bound DAUDA (uM) by dividing the specific FI (cpm) by the maxamen Fl per

¥
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IuM DAUDA (cpm) fow-:h L-FABPsunple. Compucrmsed neuhmremxon

(GmFu Version 3, Erithacus So&warel.mmd) was. uudmcomcumot",' yecif

bound DAUDA versus free DAUDAmm:W of 3-6 trials. The followmg
equation was used. Bound = ([L] x Bmax)/{(Kd + [L]).

Calculasion of Oleic Acid ICx'S
The concentration of oleic acid which inhibits 50% of specific DAUDA binding, the ICso,
was calcuiated for each combination of oleic acid and L-FABP sample. Cuvettes
contained 2l 1pM L-FABP and 1M DAUDA. Oleic acid, ImM in 10% methanol, was
added in 0.4-20 ul aliquots. FI (cpm) (Em. 500nm, Ex. 350nm) due to the binding of
DAUDA to protein following each addition was measured. Curves of percent inhibition
of specific DAUDA binding versus oleic acid concentration, representing an average *

standard deviation of 3-6 trials corrected for the effect of methanol, were constructed.

ANALYSIS OF THE POTENCY OF VARIOUS FCs FOR BINDING TO L-FABP

Fnmsmasition Dindine Evnarimante - Calenlation of IC.’s
S AL AR it A Bt AR A S SIS e IS S S N £ S g

Cuvettes contained 2 ml 1uM rat control L-FABP and 1pM DAUDA. Ligands, ImM
(FCs and WY in 100% methanol, and methanol in SOmM KHyPOs pH 7.2), were added in
0.4-20 i aliquots. FI (cpm) (Em. 500nm, Ex. 350nm) due the binding of DAUDA to
protein following each addition was measured. Curves of percer:t inhibition of specific
DAUDA binding versus computitor concentration, representing an average + standard
deviation of 3-6 trials corrected for the effect of methanol were constructed. The
concentration of each competitor which inhibited 50% of specific DAUDA binding, the

1ICsw, was calculated.

21
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RESULTS & DISCUSSION

FLUORESCENCE CHARACTERIZATION

. Emissi 4 Excitation Maxi

The emission and excitation spectra of each protein binding DAUDA was analyzed
determine the optimal conditions for the study. The maximum emission and excitation

~ wavelengths for all proteins were approximasely 500 and 330nm respectively (Tabie 2}
~ Values tbr’;nigleapilL-FABP samples were slightly higher than those for rat samples.

This difference is likely because guinea pig samples were only partially purified: thus, mere
cellular debris remained to potentially interfere with DAUDA binding, and less L-FABP as

& proportion of total protein was present. A “biue shift” in both emission and excitation

- wavelength occurred upon the addition of each L-FABP sample to DAUDA. Excitation

wavelength shified from approximately 330 to 340nm (Figure 4), and emission waveleagth

calnifhad feme aiseseiosarals: 880 1a NN (Riciies £) Thie shiffing of wavels coth ic

TIMAVAS LIV SN ALY e s

chmcuistic of DAUDA binding to a nonpniar sitc on L-FABP (Wilkinson and Wikton,

RS AP = fr A TEE wemmssgy TR v e %>

1986). According to Thumser et al. (1994a), DAUDA only binds one of the two oleate-
binding sites of L-FABP. Due to the stringent conformational requirements of primary
site binding (inermalized carboxylate/polar group and a U-shaped
hydrocarbonvhydrophobic chain), DAUDA most likely binds the secondary site. Simiiar
shifting of fluorescence wavelength and emission and excitation maxima were found oy

Wilkinson and Wilton (1986) and Thumser, Vosey and Wilton (1996).
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Fhmmmm(m)mmﬁmwﬁﬂimtﬁﬁmmm
maxima (nm) were measured using an emission wavelength: of 500om. L-FABP was added
to 1uM DAUDA unti! uo further chagge in emission or excitation wavelength was :
detected. Each value is an average + standard devistion of 3 trials. ,

FABP; d = Rat Control L-FABP.

SAMPLE EMISS.ON EXCITATION

MAXIMUM (nm) MAXIMUE 1 (nm)
DAUDA only 551.33 + 1.53 . 331.00 % 1.00
Rat Control L-FABP 502.67 + 462 34433 + 2.08
Rat FC1 L-FABP 502.33 + 4.04 339.67 + 6.66
Guinea Pig Vehicle Control L-FABP  511.00 + 7.81 340.67 + 5.13
Guinea Pig FC1 L-FATP 511.00 + 7.81 33367+ 1.15
FIGURE 4 - EXCITATION MAXIMA,

Fluorescence excitation maxima (nm) were measured using an emission wavelength of
500nm. L-FABP was added to Zmi iyM DAUDA until no further change in excitation
wavelength was detected. Each curve is representative of 3 trials (1pM DAUDA, 3uM L-
FABP). KEY : & = Guinca Pig FC1 L-FABP; b = Guinea Pig Vehic'e Control L-FABP; ¢ = Rat FC1 L-

AN

¢
b

A

T
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EIQURE S - EMISSION MAXIMA,
-| Fluorescence emission maxima (am) were measured upon excitation at 350nm. L-FABP
was added to 2mi 1uM DAUDA until no further change in emission wavelength was
... |detected. Each curve is representative of 3 trials.
" {xuY:a=0DAUDA. 0 L-FABP, 0mM KH;FO,, b = 1pM DAUDA, 0 L-FABP; ¢ = 1pM DAUDA.
0.1uM L-FARP; d = 1uM DAUDA, 0.5uM L-FABP; ¢ = L uM DAUDA. 1uM L-FARP; = 1uM
DAUDA, 3uM L-FABP.
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mmmmqm)ufmmnwmmnwmmmtm .
and non-reated animals did not substantially differ. The average maximum Fl was
Wyaﬁmm&mwmmﬁmmmhmnb
F&Pmams).mnmmmquwrmm
control L-FABP, 2.5uM rat FCI L-FABP, 2.5uM guines pig vehicle cousrol L-FABP and
2uM guinea pig FC1 L-FABP (Figure 6). The lower the affinity of receptor for probe, the
higher the concentration of receptor needed for binding, and vice versa (Matthews, 1993).
Thus, these data suggest that the rat FC1 L-FABP sampie had a decreased affinity for-
DAUDAascompuedtothentmnﬂnlLJABPmple;lndthtthemi'nu’pl'gFCI'
sample had an increased affinity for DAUDA as compared to. the guines pig vehicle
control L-FARP sample. The average maximum FI for guinea pig samples was 77.6%
lower than that for rat samples, Tln'.smnybeduetotheimpmityoﬂhcminupi;umplu
resulting in a high degree of interference in DAUDA binding and a lower concentration of
L-FABP as s proportion of total protein.

TABLE S - MAXIMUM F1 OF LluM DAUDA,

Cuvettes containing 2 ml 1uM DAUDA were titrated with rat and guinea pig L-FABP
sampleo(O.lmM)todetunﬁneﬂnmuimnFloflmeAUDAbiMingtouchnmple.
Three trials per protein were performed. Values are the average + standard deviation of

the 3 highest average FI values per protein.

L-FABP SAMPLE MAXIMUM F1 (cpm) ‘
Rat Contro! 848,093 £13,639

Rat FC1 852,438 : 24,776

Guinea Pig Vehicle Control 653,348 + 63,212

Guinea Pig FC1 669,632 £ 33,619
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, Cuvena oonninin. 2 ml luM DAUDA were mnned with rat and guinea pig L-FABP
- | samples (0.1mM) to determine the maximum FI of lum DAUDA binding 1 each sampie.
F1, due to the binding of DAUDA o protein, was measured after each addition. Each

- jeurve.is an average of 3 trials.

—~8— Pt Corerol
|~ Fnt FFOB

~a— Guirms Aig V. Control |
—0—-Cuirea Rg FOS

Bacause of its well documented high affinity for L-FABP (Thumser ez al..1994 a.b:
Thumser and Wilton, 1994; Thumser et al., 1996; Thumser and Wilon, 1995). oleic acid

mmwmwln‘

disslasiag lisand o ¢
FABP. Exceas oleic acid was added to occupy all L-FABP binding sites and prevent the
specific binding of DAUDA © L-FABP. DAUDA was titrased into the ssssy and FI, duc
to nonspecific binding, was observed. Total binding was desermined by performing the
assay in the absence of oleic acid: specific binding was calculaied by subtracting
nonspacific binding from total binding. Absolute FI values are given in Table 4. The
breakdown of total binding into percent specific and nonspecific binding is shown in
Figure 7.

pos
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IABLE4 - 1pM DAUDA BNORNGTO IUM L-FARP.
wanh;dbﬁlm»dwmmkmmwmmof
0.1mM DAUDA to 2ml 1pM L-FABP. Increased FI due to-the binding of DAUDA to -
mmmmhﬂgmm:nhmoﬂmm
msmmamm»mhwmmmmbym
wwmmwwmnnmtmmwu
trials (cpm).

L-FABP SAMPLE TOTAL msm SPECTRIC

Rat Control i O 00 740,000 j
Rat FC1 302000+ 8LOOD 96,000 % 21,000 206,000 + 31.000
Guinea Pig V. Control 219,000 + 138,000 92,000+ 23,000 127,000 + 138,000
Guinea Pig FC1 162000+ 15000 94,000+ 65000 68,000 + 15,000

7
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" |0.1mM DAUDA 10 2ml 14M L-FABP. Increased FI due to the binding of DAUDA to

_| Total binding of DAUDA to each L-FABP sampie was determined by adding aliquots of

protein was measured. Nonspecific binding was measured in the presence of 100uM oleic
- | acid. Specific binding of DAUDA to cach L-FABP sample was determined by subtracting

non:peciﬁcbiudin’ffmmmnlbnﬂng Values are an average of 3-6 wrials.

RAT CONTROL L-FARP

Norapecitic
10%

Speoitic
0N

RAT Fca LFARP
Nonepecific
a
Specitic
%

GARNEIA PG VIRICLE CONTROL
LFARP

L
>

GUINEA MG °CZ L-FARP

3 )
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speaﬁcmommmammmwmwwma :
total binding, whlespuﬁcbn&gofblmbl&m ntFCt L-me ﬁron!y
m&mmma&dhmm&tmnbpm
of total binding is nonspecific (Matthews, 1993); thus, these data suggest the rat FC1 L-
FABP sample had a three fold lower affinity for DAUDA than the rat control L-FABP
sample. This is consistent with the resuits of the average maximmum FI analysis of the rat
L-FABP samples, which also suggests the affinity of L-FABP for DAUDA was decreased
in the FC1 sample. Less of a difference was seen between the two guines pig L-FABP
samples. Specific binding of 1uM DAUDA to 1uM L-FABP represented 58% of total
binding in the guinea pig vehicle control L-FABP sampie, and 42% of total binding in the
guinea pig FC1 sample. The data suggest the guinea pig FC1 L-FABP sample had lower
affinity for DAUDA than the guinea pig vehicle control L-FABP sample. This is not
consistent with the results of the average maximum F1 analysis, which suggest the relative
affinity of the guinea pig FC1 L-FABP sample was higher than that for the guinea pig
vehicie control L-FABP sample. This inconsistency may be due to the crudeness of the
guinea pig samples giving rise to a high degree of interference in the binding of DAUDA
to L-FABP.

The overall crudeness of the guines pig L-FABP samples, as compared to the rat L-FABP
samples, is reflected in a lower absolute total DAUDA binding (cpm), a higher percent
nonspecific binding and a lower percent specific binding.

29
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N 7 ANALNSOF THE BrreecTor FCsoN L-FABP
Calculasi { DAUDA Binding C

~ DAUDA binding constants were calculated for each L-FABP sampie. The purpose of this

o analysis was t assess the effect of FC1 on the functionality of L-FABP; and to confirm

the results shown thus far, which suggest the affinity of L-FABP for DAUDA was
" decreased in FC1 treated rat L-FABP samples, and that guinea pig L-FABP sampies were
~ too impure to accurately analyse.

o ’lnemlximmn binding capacity or receptor number (Bmax) of each L-FABP sample and

the dissociation constant or affinity (Kd) of each L-FABP sample for DAUDA were

desermined using computer assisied noalinear regression (Table S and Figure 9). Specific

binding of DAUDA to each L-FABP sample was converted 1o uM by dividing the FI
(cpm) due to specific DAUDA binding (Table 4) by the average maximum FI (cpm) per

© 1uMDAUDA for each L-FABP sample (Table 3)

The Bmax of rat control L-FABP was nearly 1uM. This agrees with the work of Thumser
et al. (1994 a,b), Thumser and Wilton (1994) and Thumser et al. (1996) who all found
DAUDA 0 bind to one of the oleic acid binding sites on L-FABP. The Bmax for the rat
FC1 L-FABP sample was approximately 0.35)M, suggesting the capacity of rst FC1 L-
FABP to bind DAUDA was nearly one third that of rat coatrol L-FABP. One possibie
explanation for this decreased capacity is that FC1 is bound 10 L-FABP in the FC1 sampie,
rendering fewer available binding sites and allowing less DAUDA to bind. The rigid ol of

x
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FCI (Zisman, 1964) and swict conformational requirements for primary site binding oL~ -

FABP (Thompson et al, 1997) suggest FC1 binding would occur in the sccondary binding.

site. Another possible explanaion is that the vehicie (Tween 80, 2%) somehow affected
the binding of DAUDA w L-FABP in the FC1 mample. “This is unlikely, however,
since Tween 80 is a mild, non-jonic detergent, designed to allow solubilized prowins to
retain their native structure (Sigma, 1998); and because a low concentration of Tween 80
used (see methods). This does point out, however, the importance of including a vehicle

control in the experiment.

The Kds for the mat control L-FABP and rat FC1 L-FABP samples were not notably
different and were comparabie to the Kd of 0.38 + 0.02uM found by Thumser et al.
(1996). Thus, although the data for average maximum FI and percent specific binding
suggest a decreased affinity of rat FC1 L-FABP for DAUDA as compared to rat control
L-FABP, the Kd and Bmax values suggest the maximum binding capacity/number of
binding sites rather than the binding affinity was affected.

The Bmax of the guinea pig vehicle control L-FABP sample was much lower than
expected, 0.28 IuM as compared to approximately 1uM for the rat control L-FABP
sample. The Kd for the guinea pig vehicle control L-FABP sample was higher than
expected, 0.48uM as compared to approximately 0.3uM for the rat control L-FABP.

Ome possible explanation for these differences in results is that rat L-FABP and guinea pig
L-FABP are different. Although the crystal structure of guinea pig L-FABP has not been

deduced, sequence identity for ¥ ABPs of the same tissue type from different species is

k]|

000146




approximately 82-92% (Richieri, Ogata an. Kieinfeld, 1994). One can, therefore, expect

St .. _the binding constants of control guines pig and rat L-FABP to be comparabie. Other
~possible explanations for this differe  : are that the vehicle (Tween 80, 2%) had some

‘ cffect on i5¢ L-+ABP, or that the crudeness of the guinea pig sample caused a great deal
of interference with the binding of DAUDA to L-FABP. As mentioned above, the affect of
Toveen 80 presuniably minimal; ths, the crudeness of the sample is likely to be to biame

v—tfonheumpecg;edunmuemmu.

As discussed previously, the results for specific binding of DAUDA to guinea pig L-FABP

© sugpest the guinea pig FC1 L-FABP sample had lower affinity for DAUDA than the

gulnea pig vehicle control L-FABP sample. This suggestion was counter to the resuls for
ave:uge maximum FI, which indicate the guin-a pig FC1 sample had an increased affinity
for DAUDA as compared to the guinea pig vehicle control L-FABP sample. These
contradictory data, when combined to calculate a Kd and Bmax for each guinea pig L-

" FABP sample, resulted in a Kd for the guinea pig FC1 L-FABP sample that was about 4.5

times that of the vehicle control sample, and a capacity of the guinea pig FC1 L-FABP
sample that was about twice that of the guinea pig vehicle control L-FABP sampie. These
results are inconsistent and inconclusive, likely due to the impurity of the guines pig
samples, as discussed above.
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nonlinear regression. Bound = ([L] x Bmax(Kd + [L]).

L-FABP SAMPLE BuaxQM) K (M)
Rat Control 0987+0016 - 0278+0020
Rat FC1 0345+ 0012 0.260 £ 0.063
Guinea Pig Vehicle Control 0281 £ 0.043 0480 £ 0.351
Guinea Pig FC1 0.413 £ 0.060 2240 + 0.452
EIGURE 8 - SPECIFIC BOUND VS FREE DAUDA.

Computer assisted nonlinear regression was used to construct curves of specific bound
DAUDA versus free DAUDA (Bound = ([L] x Bmax)/{Kd + [L}]}). Each curve is an
average of 3-6 trials. The reduced chi square value for each regression was as follows: mat
control L-FABP, 3.83¢-16; rat FC1 L-FABP, 7.83e-16; guinea pig vehicle control L-
FABP, 6.12¢-15; and guinea pig FC1 L-FABP, 1.67e-15.

RAT CONTROL L-FABP RAT 3 L-FABP
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An ICso was calculated for each combination of oleic acid and L-FABP sample to assess

" the functionality of L-FABP from FCl-treated and non-treated rats and guinea pigs. Oleic

acid, ImM in 10% methanol, was tirated into 2 ml 1uM L-FABP and 1uM DAUDA. FI

~ " (cpm), due the binding of DAUDA t protein, was measured following each additios.

_ Curves of percent inhibition of specific DAUDA binding versus oleic acid concentration

were constructed (Figure 9). Tabile 6 shows the percent inhibition of specific DAUDA

“binding by 21tM oleic acid and the ICso values for each L-FABP sample. As discussed in
the introduction, oleic acid is capable of binding both primary and secondary L-FABP
~ binding sites; and once a ligand has bound the primary site, binding to the secondary sit is

facilitated (Thompeon e# al., 1997). This relatively unconstrained binding of oleic acid to
L-FABP i3 reflected in a sharp decrease in FI (cpm) and an increase in DAUDA-specific
binding inhibition upon the addition of micro-molar quantities of oleic acid to solutions of

e ,,:;,,_t: -

Ninety one percent of specific DAUDA binding to rat control L-FABP was inhibited by
2uM oleic acid; and the ICs of oleic acid for the rat control L-FABP sample was 0.01uM.
This percent inhibition was higher than that found by Thumser er al. (1994b), Thumser et
al. (1996) and Thumser and Wilton (1995), of 80.5%, 76% and 80% respectively, under
similar conditions. The perceat inhibition was much lower (52%) and ¥Cw much highes
(0.5uM) for the rat RC1 L-FABP sampie as compared to the rat control L-FABP sampie.
This sugpests the ability of L-FABP from the RC1-treated rat to bind oleic acid was
decreased. One explanation for this decrease in functionality. is that FC! was bound m L-
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FABP in the FCI treated sample, rendering fewer siis available o bind oleic acid and
requiring more oleic acid © aduevem inhibition. This agrees with the results presented

for the analysis of average maxirnum I'T.m DAUDA mgiﬁnAunA binding

constants in rat L-FABP samples.

The percent inhibition of specific DAUDA binding to the guinea pig vehicle control L-
FABP sample upon addition of 2uM oleic acid was 93%; that for the guinea pig FCI
sample was 63%. This is similsr to the results for the rat samples; however, the curves of
percent inhibition versus oleic acid concentration for rat and guinea pig samples were very
different (Figure 9). The curves for rat samples were hyperbolic while the curves for
guinea pig samples were more linear and scattered. The resulting ICso values for both
guinea pig L-FABP samples were the same, 0.2uM oleic acid. The data are ambiguous,

and are likely due to the crudeness of the guinea pig samples.

The ICso of oleic acid for each L-FABP sample was calculated by adding oleic acid, lmM
in 10% methanol, to a solution of 1uM L-FABP and 1uM DAUDA. Values are ICso’s of
oleic acid for each L-FABP sample and percent inhibition of specific DAUDA binding by
2uM oleic acid.

L-FABP Sample Oleic Acid ICso (UM) % Inhibition by 2uM oleic acid
Rat Conrrol 0.01 91
Rat FC1 0.5 52
Guinea Pig Vehicle Control 0.2 93
Guinea Pig FC1 0.2 63
3s
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.| DAUDA. Curves represent an average of 3-6 trials corrected for the effect of methanol.

Oleic acld. lmMin 10% methanol wasaddedtoasolnnon of 1uM L-FABP and 1uM

RAT L-FARP ]

~~¢— Pat Conrol
e P A |

ANALYSIS OF THE POTENCY OF FC's FOR BINDING Y0 L-FABP

An ICs of each FC. WY and methanol was calculated for DAUDA binding to the raz
control L-FABP sample. Each ligand (ImM. in 100% methanol or SOmM KH:PO,. pH

7.2) was titrated into 2ml 1pM rat control L-FABP and (gM D7 /DA The additon of

&
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o
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competitor to L-FABP and DAUDA ishuced s shift of emission wavelength o ngth back towards
the curve of DAUDA with 5o L-FABP (Figure 10). This i indicative o DAUDA being
diwhmdﬁmamnpohrﬁndhgﬁmmwm.m&nthjmymm To
varying degrees, similar shifling and decreases in FI occurred upon addition of each
competitor. FI (cpm), due the binding of DAUDA to protein, was messured following

each addition of competitor; and curves of percent inhibition of specific DAUDA binding
versus ligand concentration constructed (Figure 11). Tsble 8 gives the percent inhibition

of specific DAUDA binding by 10uM competitor and the ICs values for each competitor.

FC! was the strongest inhibit.r of specific DAUDA binding, with 69% inhibition upon the
addition >t 10uM and an ICsoof 4. 9uM. FC4 was the next strongest, with 51% inhibition
upon the addition of 10uM and an ICsof 9.7uM. Wyeth followed FC4, with 50%
inhibition upon the addition of 10uM, and an ICso of 10uM. FC3 and FC2 both inhibited

43% of specific DAUDA binding upon the addition of 10uM and had ICs,'s greater than

10uM.

Thumser and Wilton (1996) suggest that ligands for L-FABP need to have both a
hydrophabic and a hydrophilic domain. Each FC and WY fits this description to varying
degrees. Due to the rigid tail of the FCs and the bulky structure of WY, it is likely that
binding of each of these competitors to L-FABP occurs in the secondary binding site on
L-FABP. It is conceivabie that the FCs bind with their rigid hydrophobic CF tails,
analogous to the flexible CH tail of oleic acid, in the secondary tinding site and that the

polar head groups of FCs are solvent exposed as is the carboxylate group on oleic acid.

1
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' To reason by structure, the varying potencies of each FC to binding L-FABP is difficuk.

.~ Thompson et al. (1997) suggest that anything larger than a C,, molecule may require prior
" “binding in the primary site. As was mentioned in the introduction, Cs and Cyo FCs are the

mupmpamdmpmm It may be the case that C; and Cio molecules bind
most readily to the secondary binding site oa L-FABP, not requiring a molecule to be
 bound in the primary binding site. All of the FCs examined in the present study were Cs
molecules; thus, an analysis of chain length cannot be undertaken at this time. The
" disparste potencies of binding L-FABP between FCs do not appear to be due to
___differences in polarity and hydrogen bonding sbility. For example, FC2, having a very
. polar carboxylate head group, and capable of extensive hydrogen bonding, has a higher
 ICse than FC4, which has & less polar head group snd less sbility 1o hydrogem boad (sce
Figure 1).

The binding of WY to the secondary binding site on L-FABP is difficult to reason. =
internally, and position the carboxylate externally, in & solvent exposed manner abie to
perticipate in hydrogen bonding. Thompeon er al. (1997) also speculate that & third
binding site, located complately on the exterior of L-FABP, may exist. Only the first few
carbons of 2 molecule binding to such & site would be bound in s orgasised Sebica, the
may be the site of WY binding to L-FABP.
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addition of 10uM methanol, 21% of specific DAUDA binding was inkibited. The ICs of
methancl was much grester tham 10uM. It is ressonable to suggest methanot is capable of
weakly binding the secondary L-FABP binding site, with the CH; group internally located
and the OH group exposed to the exterior of the protein. The structure of methanol
renders it an unlikely candidate for looping into a U-shape and participating in primary site
binding.

39
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| The addition of competitor to L-FABP and DAUDA induced a shift of emission
- | DAUDA being displaced firom a nonpolar binding site on L-FABP. To varying degrees,
- | similar shifting and decreases in FI occurred upon addition of each competitor. The

| 19ML-PABP; 150 PC2; @ = 15M DAUDA, 1uM L-FABP, 204M FC2; ¢ = 1M DAUDA £ = 0
| DAUDA, 0 L-PABP, 30mM KIPO,

back towards the curve of DAUDA with no L-FABP. This is indicative of

exampie shown is for FC2 binding rat control L-FABP.
KEY : a= 1M DAUDA, 1pM L-FABP; b= 1pM DAUDA, 1 L-FABP, 104M FC2; c = 1gM DAUDA,

«
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Each competitor, 1raM, was addod to w:.-smu mmnna uammm'
of FI were made upon each addition. Cmmtmwofumm
for the effect of methanol.

RAT CONTROL L-FABP

TARIER - IC.'S OF FUS AND WY & PERCENT INNTAITION OF SPECTFIC DATTDA Bounoen]
The ICso of each competitor for the rat L-FABP sample was calculated by adding
competitor (imM) to 1uM L-FABP and 1uM DAUDA. Values are

the ICs’s of each competitor and % inhibition of specific DAUDA binding by 10uM of

each competitor.
 COMPETITOR ICse (um) % INHIBITION
FC1 49 69

FC4 97 5t

wY 10 50

FC3 >10 43

FC2 >10 43
METHANOL >10 21

4
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CONCLUS!ONS & FUTURE DIRECTIONS

: J’nﬁ; uudy was designed to investigate the hypothesis that certain Fluorocarbons (FCs)
o bind toliv-rfmy acid-binding prowein (L-FABP) and displacc endogenous fagty acids

,(FAs)uaninidnlemtmpuoxhomepmlifmﬁon To examine this hypothesis, the
ﬂWywmwwomeABPﬁommahm(conﬁdmdmbc
strong responders to peroxisome proliferators ) and male guinea pigs (considered to be

- weak or non-responders to peroxisome peoliferators) (Svoboda et al.. 1967 Orton et al.,
1984, Lake and Gray, 198S:; Eicombe and Mischell, 1986) were examined.

| 'ﬂnﬁmﬁuwwmmﬂn'aﬂmofmmL-FAnmeﬁmsemmby:he
ability of DAUDA to bind to L-FABP isolated from rats and guinea pigs ereated and not
treated with FC1 in wvo. Results show a decreased masimum binding capacity of L-
FABmenFCl Mmm&w&mmmmmsmwwam

MWMMQMWMML-FABPMMMV:&FO»
compared to samples from control rats, These results are likely due w0 FC1 binding to the
secondary binding site on L-FABP; thus preveating the binding of DAUDA 1 L-FABP.
Resulis for guinea pig L.-FABP samples were inconclusive. This is presumably because
guinea pig samples were only partially purified, resulting in a high degree of interference
from remaining cellular debris and a lower concentration of L-FABP, as a proportion of
toulpmm.ncompnndmthemmhighlypuﬁﬁedmmpla.Ammdw»ﬁ
be raade to analyze the difference in response to FCs seen in rodent and guinea pig L-
FABP. This analysis will be performed on fully purified L-EABP samptes.

‘z
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The second goal of the study was t assess the powncy of the various FCs for binding o~
uwmaunmmmuumbnmnlmﬁmhﬁucmuﬁngﬁapauwﬁ@ua

FC!, followed by FC4, WY and (with equal ICoes) FC3 and FC2. Binding of FCs t0 L-

FABP likely occurs in the secondary binding site; and the variance in powency is likely dve

to structural differences. - 7 |

Fuwre wock will focus on correlating new data with the results of this study, and relating
the effects seen in rodents and guinea pigs to the relevance they pose nhm.lnheaml.'l'her
possibility of completing a new set of kinetics assays using a probe capable of binding bath
L-FABP binding sites will be looked into. This would help characterize the interaction of
DAUDA with L-FABP and create a new set of results for analysis. Human L-FABP will
be examined, and the relevance to human health of FC induced peroxisome proliferation in
rodents will be investigated. FCs of different chain length will be investigated, and the
effect of chain length on ability to bind L-FABP analyzed. The ability of each FC 10 induce
peroxisome proliferation in rodent L-FABP will be assessed using the method of Lazarow
and de Duve (1976). An atempt will be made to correlate this capacity with the relative
potency of each FC to bind L-FABP, as determined in the current study. Electro-Spray
Mass Spectrometry analysis on the same L-FABP samples as analyzed in this study is
currently underway. The objective is to quantify FC1 bound to L-FABP from FC1 treated
animals, correlate this with the decrease in L-FABP capacity observed in this study and
with the ability of FC1 to induce peroxisome proliferation in rodents. The long range goal

is to refine the correlation between the amount of FC bound to L-FABP with peroxisome
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A 28 day percutanecus absorption study with FC-98 was conducted from

- !iiééeés.: 25, 1979 to December 17, 1979 at Riker Laboratories, Inc., St. Paul,
mnnoaou using male nnd female albino rabbits ranging in body weights from
i 1 88 ‘to 2 30 kq.r '.l‘he uct a.rl'.iclo was administered by dermal applicatiaon
to tan male and ten female rabbits each a dosage level of 5,000 mg/kg body

- weight for a 24 ‘houx mm,ptiod.g No mortalities, untoward behavorial

reactions or body waight losses were noted during the 28 day study. Necroupsies

" were pesxformed on all animals upon termination of the study with no visible

lesions noted. Preliminary serum analysis (ses Appendix V) indicates dermal

 sbsorption of FC-98 in albino rabbits, however, dus to the limited number

] . 6!7 ml.. analysed, no concrete conclusion may be drawn.

 Introduction

- 'The objective of this ntudy-g was to determine the percutanecus absorption
potantial of FC-98 in male and famale albino rabbits. The study, which was
initiated at Riker Laboratories, Inc., St. Paul, Minnesota on Octobar 25, 1979

And anmalaeted an Neascmher 17 1070 wis net condustad Sa Sonaact = S sean

subnission or marketing permit and is therefore not regulated by the Good
Laboratory Practice Magulation of 1978. The xaw data genarated by the Stuly
Director and tha final report are atored in the conducting ladboratory's

archives.

2 A preliminary rangefinder atudy was conducted to determine the appropriate
~ dosage level to be used in this study.
b Riker Towicity Experiment No.: 0979AR0630, Test Method &9%
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Young adult albino zﬁm cf th. mw N.u I.Il.d i.n this
test.,  ALL animals were xmm unthr qnamtiue !o: nvnnl chy& pmr to-testing -
with only animal:sn uhu:b appoarod to bu in geod: Mﬂt and mm:.c au tost
animals at the lnitiation of the study used. The mn were housed indivia-

ually in stainlens stecl, wixu-botmd cages and maintained i a standard

C

Laboratory ration™ with food and water availablo ad lm "“"“»._1

An initial rangefinding study was conducted using two male and two femalc
rabbity for cach ddsagc level. The trunk of each animal was clipped free of
Lels i Lhe test article placed on tho surface of :Iu dntact skin which
covered approximately 40% total body surface area. Aftar administration of
the test articlae, a flexible plastic collar was fitted on each animal and
the Lrunk wrapped with impervious plastic sheeting which will occlude the
test article. The animals were returned to their cages for a 24 hour period ‘
after which time the test article was removed from the dermal surface of tho
animals. The animals were observed for pharmacotoxic reactions both during
the exposure period (immediately post dose administration, one and two hours)
and after romoval of the test article (daily for 14 days follawing dose admin-
orded (Tabie® 3). 1Initial and final body
weights were also rocorded (Tahle 1).

The information derived from the initial rangefinder was used in
determining the dJdosage level for the 28 day percutansous study. Pnpu:;tion
of 10 male and 10 feomale animals for dosing and application of the test article
were conducted in the same manner as the rangefinder study with the exception
ef the collection of blood samples from the oxbital sinus Plexus prior %o
application and again-on days 1, 7, 14 and 28 after initiation of the study

for serum which was frosen for sponsor analysis. After the 24 hour exposure

Pel Freoxz. Inc., Royoxs, AR
Purina rabbit Chuw, ikalston Purina, St. Louis, MO

(ole
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pariod tho test article was removed from tho dermal surface of the animals

and the animals returned to their cages for the following 28 days. Initial,

: V'fjrj‘;ﬁ;:fj?j,i,f, o S, 14 and 28 day body waights weru recorded (Table 2) as were any pharmnco~
e toxic signs notod during tho 28 day observation period (Table 4). A gross
‘necropsy was conducted on all animals sacrificed on day 28 and all findings
racoxdud (Table 2). 7he protocol, Principal perxsonnel involved in the
nu@dy. ,pqu’péugton characteristics, and Quality Assurance Statemsnt axe
eﬁn:ni.nod in App.m.ucu I-1v.
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with PC-98 S , ,

posed cex imal Individual D:ody Woights (kg) umber Dead P .
{mg./kg) Number -—o——-—x—-—-——’ est "'-hl ': Rumbez Tested Dead
5000 M 9B2599 2.37 2.53 /4 (4]

™M 982602 2.41 2.62

F 982617 2.42 2.31

F 982614 2.15 a.52
1000 M 9B2605 2.22 2.51 o/4 (]

M 982608 2.47 2.55

o 9p2618 2.2% 2.16

F 9B2621 2.35 2.45
a
T Test article was dosed as a suspension in watar

000174



TABLE 2 S.

S+ ACUTE PERCUTANNOUS ADSORPTION TOXICITY STUDY - ALBINO RABBITS
et s ST e e : C with PC-98
' ‘ ‘ Mortality and Body Weight Data

" Dosed ‘gax  Mnimal m‘"‘:‘.’:t r’m“ (kg) Number Dead Percent
(wg/kg) °°F  Number ‘3-—-————.-,-—!———1—‘—-—7 Number Tested Dead
5000 M 983041 2.16 2.58 2.47. 2.63 0/10 0

M 983047  2.30 2.03 2.27 2.68

- M3083 . 2.16. 2.13 2.45 2.7

M 983059 2.15 2.10 2.33 2.54

M mloar 2 30 2,18 2,47 2,70

N 983049  2.11 1.96 2.11 2.37

- Mo 9B308S 2,19 - 2,22 2.47 2.7

" 983061 = 2.18 2.22 2.31 2.46

M 983045 2.30 2.33 2.52 2.79

N 983081  2.22 2.18 2.38 2.70

5000 ¥ '9m2921  2.28 2.03 2.2% 2.66 1/10 10

¥ oB2027 2.12 2.00 2.29 2.78

r 9R2933  2.18 1.87 2.01 2.37

r 982939 1.99 1.72 2.09 2.42

F 982923 2.08 1.99 2.20 2.65

r 982929 1.88 1.72 1.90 2.1

® 982935  2.11 2.14 2.33 2.08

- Fo 9BIvel  2.0% 2.13 2.25 2.48
» SBav2s  2.12 1.98 1.70 Y

) 982931 1.94 1.94 2.14 2.37

2 Jest article was dosed as a suspension in water 7
b animal sacrificed on day 14 due to accidental back injury inflicted during the

day 7 bleeding period
Necropsies performed on all animals upon termination of the study revealed nc
visible lasions. Animal 983925 which was sacrificed on day 14 due i posterior
paralysis. also revaaled nn visible lesions.

=

-]
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~TEST:. .. Single Dose 28 Day- Percutaneous oy

- '”xurlu'n '»:x;&tmﬁl. NG a&.{",(!gbcb SU -

¥

- -

SPONSOR: 3M sE ol - L
CONDUCTED BY: Safety Evaluation Laboratory, Riker Laboratories, Inc., St. Paul, Minnesota

TEST ARTICLE: Yo~ G Lot W
CONTROL ARTICLR: _ _ w W& - o -
PROPOSED STARTLING/COMPLETION DATE OF STUDY: M=-19 /i-e0 -

THST SYSTEM AND SOURCE: Now Zealand white AlBino Rabbits sSexn:

Pul Freuz, Inc., Rogers, Ackansas - Number: j©+0
- weight Rango: g;'ﬁkq

OBJECTIVE: The objoctive of this study will be to detuinine the parcutanecus absorption
potential ol the test article in albino rabbits. Rabbits worve seloctod ax thc
tost system for their historical use in darmal abgorption studies, sase of
handliing and gencral availability.

METTHOND : The anlwely, scelected from a larger colony by hoalth and dody waeight, will Lo
randomly houswd in sumg«u:d wire-mesh cages . tsmperature and humidity con-
trolled rooms with food= and water offarcd ad libitum. Each animal 221 be
usaigned a3 numbered eaxr tag, which will coxxrespond to & card affixed to tho
cutside of the cage. The trunk of cach animal will be clipped free of hair
and the test article applied as a single dosage of mg/kg to intact
skin coverina anproximately 10% total body suxface area. A flexible Plastic
collar2 will be fitted on each anima. and the trunk wrapped with imperviocus
plagtic sheeting, which will ccclude the test article.  The animals will then
be returned to their cages for a 24 hour exposure period after which the
test article will be removed. Pricr to the application, Blood samples will
be collectad from the orbital sinus Plexus and again on days 1, 7, 14, and a8
after initiation of the study for serum which will be frozen for sponsor
analysis. A gross necropsy will be conducted on all animals which may die
during thc conduct of the study as woll as all animals sacrificed on day 28.
All gross findings will be recorded and tissue samples of liver, spleen, brain,
kidney and bene marrow (sternum) will be fixed in 108N buffered formalin for
possible future microscopic examination. Initial, 7, 14, and 28 day body
weights will be reacorded as well as any pharmacotoxic signs noted during the
conduct of the study. All raw data, other than the blcood analysis data which
will ke the responsibility of the sponsor, and the f£inal report will be stored

in the Riker Laboratory's Acrchives, St. Paul, Minnesota.

Purina Rabbit Chow, Ralston Purina, St. louis, Missouri
Tha collar will be worn for the duration of the study to reduce oral
ingestion of residual test article.

Ivis

VR A ATIWTS L’Am" A 1/‘1“1

A

Sponsor Date
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T - APPENDTIX T (Continucd)
ERE 1A 7100,
s S EEEE 9.

‘ ] B o Keihoer Expaor ament Nuékl’/j;fé‘)f/{"

Divi
Hiker Laboratories, iInc. ¢ St. Paul, Minne

- CONDUCTED BY: Safe
S TEST ARTICLE: ;
T T T CONTROL- ARTICLE: AT R
Ll Lt PROPUSED STAITLNG/COMPLETIUN DATE O STULY; y nd / R
L PRET SYSTEM AND SOUKCE: Nuw Zcaland White Albi Rabbits Soux: g
Lo L .. Pul=Frucz, Inc., Rogers, Arkansas Number ; i .
e s i e o Body Woight Range: RO <

by

OLJECTIVE:  The objoctive of this study will be to approximate the acute dermal toxici
: of thu test article in allbine rablitu. Kabliits wore seluctod as the tesz
system for thair ‘sensitivity of rasponsa, historical data, ease of handiir

and gonoral availakbility.

L. MEthuL:

- be assigned a numbered ear tag, which will correspond to a card affixed to
- the outikidu of tha ©4g8. The trunk of each animal will be clivped fraeo of
.hair and the test article placed on the surfaca of the intact skin atc sing
doniges of " " mg/ky, however, if these dosage levels .
hot .adaquatdly characterize ‘the toxicity of the teat article, additional
animale will b administuroed tho test article at supplemental dosags level:
Any additional dosage levels will be documented ana filed with this Protoce
The test articla will be adninistered to the animals in the form racsived
from the sponspr. Aftor adminigtration of the test article, a flexibig
blastic collar= will' bo fittod on oach animal and tho trunk wrapped with
imporvicus playtic sheating which wiil occlude the test articlo. The anis
will be roturned to their cages for a 24 hour exposure period afcar which
time the test article will be romoved from the dermal surface of the animal
The animals wili bu obs - rved for pharmacotoxie reactions both during the ox
posure poriod (immediatoly post doso adainistration, one and TWO hours} anc
after removal of the test article (daily for 14 days followiag dose Madminie
... tration) with all rescesiens boing swcorded. Initial ax final body weights
T will almse be recorded. The acute median lethal dowe (3020} of the test
article will be approximated. All raw data and the final report will be ax
An the Riker Laboratories Archives. st. Paul, Ninnesota.

3 Purina nabbie Chow, Ralston Purina, St. touis, Nispouri

B yne collar will be worn for the duration of the study to reduce oral is-
gestion of rosidual test article.

1A o

Sponsor Dateo
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Brincipal Participating Personnel Involved in the Study

v Name _Punction

K. L. Bbbons, 88 Supervisozr, Acute Toxicology

- Ko D O'Malley, ES Advanced Toxicologist

7 . ] Director
pEl V. Pothapragada Commszcial Chemicals Chomist
_ G. C. Pecore Supervisox
. Animal Laboxatory
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This study is not rogulated by tha Good m&:y Practice iw&heten of

1978 and theresfore in!omtiau pertaining to wt:an Wun&u
is not applicable mmum‘cm
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PENDIX IV

ity A ance Sta

o This n:udy ﬁi*o’i’iquh’ lated by the Good Laboratory Practice Regulation of
- 1978 and therefors a statement signed and Frepared by the Quality Assurance
"*fqreup is mt uppuubio. m- study was, however, audited by the Quality

‘Asmurance gxoup.

©In addition to the data audit, different significant phases for studies

undmy in the Toxicology Labcratory are inspected weskly on a recurring

Teyele,  and the ue.\uuu u-c ‘axamined by hbwatoxy Quality Assurance on
Ca thui month sohd\nc.
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K. L. EBBENS - RIRER SAFETY EVALUATION LAB - 2031

. C. McCORMICK - MERICAL DEPT

IC-128, FC-129 and C-98

» = TOXICOLOGY SERVICES - 220-2¢

SKIN ABSORPTION STUDIES ON FC-143, PC-95, FC-90, FC-134, KC-133, m

JUNE 27, 1980

Please consider this an authorizn
the dermal toxicity/skin absorpe i

mntioned compounds.

compounds. The serum data s
draw any concrete conclusion

nalysis are not su

tion for your laboratery to reloase
on studies conducted on the above

fficient onough to

8 concerning comparitive tbxici:y. Howeover, |

the animal data you have gonerated addresses t

vontext. It is not -uptain
and their completion should

Thank you for your patience

. -
o— m\d _‘{‘ﬂd&\' nk/.
atr .

WOM: k1h

when the remsining
not hold up your

in this matter,

his matter in a broader
samples will be analyzod

eport any longor.
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APPENDIX 3 (Concliuded)

b D Winber = 2%6=-28 - 15.

COMMERCIAL CHEMICALS DIVISION
ANALYTICAL LAB_REPORT B14G

W. C. MCOONMICK -~ 220-2E~02

V. POTHAPRAGADA AND V. BUNNELLE - 236~3A
RIKKR SKIN ANSORFTION STUDY

Jﬁ@‘ 9, 1“0

HReference: m:cln Chamicals Division Analytical Requast

Por lack of u.-u. only & selected set of surum sumples was
_anslysed.

TOTAL ¥, ppwm
o Femalas Males
rc-129 26.1 6’ [ 3 1.4 23.3
¥e=134 0,2 i18.1 18.8 23.9
FC=128 4.4 16.5 1.6 u.5
rc-98 226.4 923.12 an.s .3
FC=13% 4.9 20.8 2.3 7.6&
rc-93 0.9 128.0 10.3 130.3
(3 2 ] 42.5% 1.5 129.1 73.5
T e 3.3 iis .8 TE&. T .8

ey 7. Day Jd Day 28 1nay 7 Day 14 Hay 2R

A0

Fu=«14) .l 12s1 3.3 3.4 .8

Mt honl o Analynin:  Oxppan RamhifOE Teoduigue Clom Barf Els mand

D. ¥. Nagen, Apgl. Biochem; 87, 543, 197%).

70 Buanlile Tlelinfame A

V. A. Bunnulle ¥. Pethapragads
VAB /e
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