gt
o]

3M General Offices 3M Center
St. Paul, MN 35144-1000
6127331110

April 21, 2000

Dr. Charles Auer

Room 7405 FedEx. lap77l8211]8191 Ii
US EP A Headquarters FedEx Tracking Nun;bar for Customer
Ariel Rios Bldg.

1200 Pennsylvania Avenue, N. W.
Washington, D. C. 20460

Dear Charlie:

Pursuant to our recent communications, 3M is enclosing additional information relating
to perfluorooctanesulfonate (PFOS). We are providing this information to you on a
voluntary basis as part of our continuing discussions with EPA regarding
fluorochemistry. This information includes studies on PFOS relating to the following
areas: (i) pharmacokinetics; (ii) teratology; and (iii) epidemiology and medical
surveillance. A listing of the enclosed studies has been attached to this letter, and
summaries also have been provided for each category of studies. Please note that
incorrectly applied legends relating to legal privileges and proprietary protections have
been removed from certain documents. Finally, you should be receiving under separate
cover additional studies on PFOS relating to reproductive toxicology that 3M will also
be submitting to the TSCA Section 8(e) docket.

3M plans to provide you with additional information on PFOS and other fluorochemicals
in the near future. In this regard, we have been trying to contact you to address scope
and procedural matters, and we hope to talk with you the week of April 24, 2000.

Please do not hesitate to call me or Dr. Larry Zobel, 3M’s Medical Director, with any
questions. I look forward to talking with you.

Very truly yours,
Hobbetros (1. A ppmins

William A. Weppner, Ph.D

Director of Environmental, Health, Safety, and Regulatory Affairs
Specialty Materials Markets

3M

Bldg 236-1B-10

3M Center

St. Paul, MN 55144
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Corporate Health Physics 3M Center, Building 220-2E-02
Corporate Industrial Hygiene & PO Box 33220
Ergonomics St. Paul, MN 55133-3220
Corporate Occupational Medicine 651 733 1110
Corporate Toxicology
3M Medical Department

Attachments to April 21, 2000 letter to C. Auer from W. Weppner (Radiolabel Oral
Absorption and Intravenous Pharmacokinetic Studies in Rats)

3M Technical

1.

2.

Synthesis and Characterization of FC-95-'*C, November 2, 1979.

Extent and Route of Excretion and Tissue Distribution of Total Carbon-14 in Rats
aftera Single Intravenous Dose of FC-95-“C, December 28, 1979.

Absorption of FC-95-1*C in Rats after a Single Oral Dose, October 26, 1976

J. D. Johnson, et. al., Cholestyramine-Enhanced Fecal Elimination of Carbon-14 in
Rats after Administration of Ammonium ['*C]Perfluorooctanoate or Potassium
[14C]Perﬂuorooctanesulfonate, Fundamental and Applied Toxicology 4, pages 972-
976 (1984).




B - CE MR SRR L

TE ey

Medicine, Health Physics
Industrial Hygiene, Toxicology
3M Medical Depvartment

AT Tt . . . S T BN e

3M Center, Building 220-2E-02
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Attachments to April 21, 2000 letter to C. Auer from W. Weppner (Dermal Absorption
and Intravenous Pharmacokinetics in Rabbits)

3M Technical Reports

1. Single-Dose Intravenous Pharmacokinetic Study of T-6246 in Rabbits. 3M
Environmental Laboratory Study # AMDT-042095.1

2. Single-Dose Dermal Absorption/Toxicity Study of T-6049 in Rabbits. 3M
Environmental Laboratory Study # AMDT020895.1

3. Single-Dose Intravenous Pharmacokinetic Study of T-6049 in Rabbits. 3M
Environmental Laboratory Study #AMDT-112294.1
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3M Center, Building 220-2E-02
PO Box 33220

St. Paul, MN 55133-3220

651 733 1110

Attachments to April 21, 2000 letter to C. Auer from W. Weppner (Teratology Studies in

Rats and Rabbits)

1. Rat Teratology Study T-3351 Final Report Dec 19, 1983, Hazelton Laboratories

America Project #154-160.

2. December 7, 1983 Letter to Mr. William C. McCormick, III from E. Marshall
Johnson, Ph.D., reviewing draft of above.

3. Oral Teratology Study of FC-95 in Rats, Riker Laboratory, Experiment #

068TR0008, December, 1980.

4. November 12, 1982, Letter to Franklin D. Griffith, Ph.D. from E. Marshall Johnson,

Ph.D., reviewing the above.

5. Oral (Stomach Tube) Developmental Toxicity Study of PFOS in Rabbits, Study
#418-012, January 11, 1999, Argus Laboratories.
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April 21, 2000

Attachments To April 21, 2000 Letter to C. Auer from W. Weppner
(Medical Surveillance and Epidemiology)

Final Reports

1. An Epidemiologic Investigation of Clinical Chemistries, Hematology and Hormones in
Relation to Serum Levels of Perfluorooctanesulfonate in Male F luorochemical
Production Employees. [Included is a 3M report of medical surveillance data. Also
included is a published paper from this 3M report.]

2. Fluorochemical Exposure (Serum) Assessment of (3M) Decatur Chemical and Film
Plant Employees. [Included are a 3M study protocol and report.] '

3. Mortality Study of Employees at 3M Plant in Decatur, Alabama [Included is a
University of Minnesota final report.]

4. Determination of Serum Fluorochemical Levels in Sumitomo 3M Employees
[Included are a 3M study protocol and final report.]

5. Analysis of Selected Decatur Employee Serum for Sulfonic and Carboxylic
Fluorcchemicals [Included is a 3M technical report.]

6. Fluorochemical Control Study [Included is a 3M report of medical surveillance data.]

7. Working Memorandum on Data Quality Assessment [Included is a Battelle
Laboratory memorandum regarding the mean and range of perfluorooctanesulfonate sera
sample data collected by 3M from current and historical human populations.)
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Study Protocols/Proposals of Ongoing Research

1. Identification of Fluorochemicals in Sera of Children in the United States. [Included
is a 3M study protocol. Study is on-going. Final report due January 1, 2001]

2. Serum fluorochemical trends of out-of-county residents in CLUE I (1974) and Clue II
(1989) epidemiologic investigations. [Included is a Johns Hopkins University study
protocol. Study is on-going. Joint 3M/Johns Hopkins University final report is due
January 1, 2001.]

3. Identification of Fluorochemicals in Human Tissue. [Included is 3M study protocol.
Suty is on-going. Final report is due January 1, 2001.]

4. An Epidemiologic Analysis of the Inpatient and Qutpatient Claims Event and Episode
Experience of 3M-Decatur Employees, 1993-1998. [Included is a 3M study protocol.
The study is on-going. Final report is due September 15, 2000.]

5. Determination of Serum Elimination Half-Lives of Ammonium Perfluorooctanoate,
Perfluorooctane Sulfonic Acid, Perfluorohexane Sulfonic Acid and Total Organic
Fluorine in Decatur Chemical Plant Retirees. [Included is a 3M study protocol. The
study is on-going. Final report is due June 1, 2004. Interim draft reports will be issued.]
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Synthesis and Characterization of FC-95-14C

November 2, 1979

Conducted at: Commercial Chemicals Division
and Riker Laboratories, Inc.
3M

St. Paul, Minnesota 55101
During: April 1979 to July, 1979

Synthesis Conducted by: F. E. Behr

Specific Activity and
Radiochemical Purity Determination by: J. D. Johnson and S. J. Gibson

Report by: M%féfﬂ’\/ ///4//7 7

J/. D. Joh , M.S. Date
enior Bi emical Pharmacologist

Riker Laboratories, Inc.

g}mé 2 (Bet, ”/'6/7?

. &, Behr, Ph.D. Date
Senior Research Chemist
Commercial Chemicals Division

Specific Activity and Radio-~ ya
chemical Characterization Section éb (Q'(iﬁl_) “}I /
Reviewed by: ' : / 7 77

R. E. Ober, Ph.D. Date
Manager, Drug Metabolism
Riker Laboratories, Inc.




Summagx

The synthesis of a 20.0 g lot of FC-95-14C (carbon-14 label a to sulfur atom)
is described. The specific activity is 0.459 % 0.008 uCi/mg. Thin-layer
and column chromatography showed the FC-95-14C to be at least 99% radio-
chemically pure. The FC-95-14C was found suitable for metabolism studies.



Introduction

A series of experiments is planned to investigate the metabolism of FC-95
(a sulfonic acid salt) and the possibility of FC-807 being biotransformed
to FC-95 and/or the alcohol (FM-3422), To facilitate these experiments,
carbon~14 labeled FC-95 was synthesized and characterized. The synthetic
pathway illustrated in Figure 1 is described.



A. Synthesis of Fc-95-14c

I.

II.

*
Fractional Distillation of C7Fls CFZSOZF (Step 1)

The crude cell drainings from cell run R-3256-B were filtered through
glass wool to remove the cell tars. The fluorochemical product was
washed twice with cold, dilute saturated KHCO. and twice with water;
the product was dried over silica gel. A yieid of 293.7g of base-
washed cell drainings was obtained from cell run R-3256-B. GLC
analysis showed 71.1% C_F__SO_F. One hundred sixty grams of the base-
washed cell drainings was purified by fractional distillation
(see Table 1). Analysis for percent C8F 7SOZF was done by gas chroma-
tography (area percent). Fractions 11-1% we¥e combined to give
98.3 g of product which was found to contain 98.15% C8F17502F.

14

P ti f FC-95-""C (K *CF
reparation o 5 ( 035 C 2C7F15)

Water (31.1g) and potassium hydroxide pellets, (85% assay, 15.53q)

were added to a 500 ml three-necked round-bottomed flask which had

been equipped with a reflux condenser, thermometer, an air-driven
mechanical stirrer, Tru-Bore® stirrer assembly and a small, pressure-
equalized addition funnel. The flask contents were heated to 78-80°cC.
Fractiocnal C7F S*CFZSO F (27.0g, 98.15% assay) was added dropwise
through the adémtion finnel at a rate sufficient to maintain the tempera-
ture between 80-83°C, Gummy, white solids were formed during the addi-
tion. Upon completion of the addition of the radioactive perfluoro-
octane-sulfonyl fluoride, the mixture was heated at 85°C for 3 hours.
At the end of the three hour reaction time, the gummy mass had broken
into smaller solid pieces. Water (10.8 ml) was added. The pH of the
solution was ~ 13.5. The upper agueous phase was removed (aspirator)
and the solids were washed successively with water (54.0 ml) at

45-500C. The solids were washed once more with water (17.8 ml),

stirred@ at a high agitation rate, and the upper aqueous phase was
discarded. Isopropanol (19.15g) and water (17.0g) were added to the
solid product, and the mixture was heated at reflux temperature for one
hour. All of the solids had dissolved after heating the mixture for
one hour. The flask contents were poured into a glass evaporating dish.
The flask was washed with isopropanol (24.7 ml)-water (17.0 ml).
Concentration of the product was done on a steam bath. A final drying
of the potassium perfluorooctane sulfonate was done at 60°C for 3 hours
in a vacuum desiccator. The dry powder was triturated once with

Freon 113 to remove small traces of silicon oil impurity used as
stirrer lubricant; The dried product (27.8g) was assigned the following

L number: Fc-95-T%c, 20.0g, L-4544.

FC-95 normally is produced from one-plate distilled perfluorococtane-
sulfonyl fluoride (assay 66-67%). The high assay C7F15*CF2302F (98.15%)
will also be used to prepare FC-807-""C.



Specific Activity Determination of FC-95-14C

14c5 (L-4544, see Synthesis Section)

were preparec by weighingE I, 25.00 mg; II, 26.84 mg; and, III, 26.79 mg
into three 23 ml class A volumetric flasks. Solution I was prepared with
methanol and solutions II and III were prepared with a 1l:1 mixture
(volume:volume) of water and methanol. The volumes were adjusted to 25 ml
with the appropriate solvent and mixed by inverting by hand. Calibrated
micropipettorsS were used to aliquot six 10 ul and six 50 ul aliquots of
each solution directly into scintillation counting vials. To three of the
vials containing 10 ul aliquots and to three containing 50 ul aliquots

from each primary solution, 1 ml of water and 15 ml of Aquasol®d were added.
The remaining vials were prepared with 2.5 ml of methanol and 7.5 ml of
MTSSE. The samples were cooled to refrigerator temperature and allowed to
equilibrate in the dark before they were counted two times at 5 minutes each
with a Packard Model 3385 Liquid Scintillation Spectrometer. The counting
efficiency was determined for each sample by the internal standard method.
The averaged data were reduced to dpm and the uCi/mg was calculated for each
vial. The data are shown in Table 2. The mean uCi/mg found for each of the
weighings was within 2% of each of the other means. The means between
Aquasol®and MTSS were within 1.2% and the means between 10 ul and 50ul

were within 1.3%. The overall average specific activity based on the 36
replicates (12 from each primary weighing) was 0.459 + 0.0080 uCi/mg.

14C

I. Thin-Layer Chromatography Systems and Carbon-14 Analysis

The analysis of radiochemical purity was carried out with a variety of
thin-layer chromatography systems using either SGF 250 micron pre-scored
UniplatesZ or pre-adsorbent SGF 250 micron pre-scored Uniplatesf.

Plates were routinely developed in 10"x12"x4" thin-layer tanksd fitted
with glass lids and lined with saturation pads.8, Plates were allowed to
develop 15 cm and were scraped laterally in 0.5 cm wide segments. The
scraping was accomplished with a custom~made template and sharpened
stainless steel spatula ground to exactly 0.5 cm width.

B.
Three standard solutions of FC-95-
C. Radiochemical Analysis of FC-95-
% Riker Isotope Number 442.

Weighings were accomplished on a 5-place Mettler H64 electronic

balance which had been recently calibrated by 3M Metrology.

Mmoo |0

L/I Micropipettor, Lab Industries, Berkeley, California.

New England Nuclear, Boston, Massachusetts.

Modified TSS:25.2 g PPO, 1.01g Dimethyl POPOP and 3.8 liters toluene.
Analtech, 75 Blue Hen Drive, Newark, Delaware.

Supelco Inc., Bellefonte, Pennsylvania.



6.

The scraped silica gel segments were collected in scintillation vials
containing 2.5 ml of methanol. To the methanol, 7.5 ml of MTSS was
added. The samples were counted and the counts per minute (cpm) were
corrected for background using a suitable blank (usually two 0.5 cm
segments scraped from below the origin on the plate being assayed).

The cpm were not corrected for efficiency. The carbon-14 content of
each segment was expressed as percent of total carbon-14 on the plate:

cpm on segment
sum of cpm on plate

x 100 = % carbon-14 content in segment.

The percentcarbon-14 content of each segment was plotted versus segment
number. This provided a thin-layer radiochromatogram showing the radio-
activity peaks corresponding to separated components in the material
applied to the plate.

II. Solutions Used for Radiochemical Purity Analysis
Solution 1: The FC-95-14C made from 25.00 mg of FC—95-14C in 25.0 ml
methanol described in the section on Specific Activity Determination,
this report, was designated as Solution 1.
Solution 2: 28.12 mg of FC-95-14C, L~4544, (Riker Isotope Inventory
Number 442) was placed into a 10 ml volumetric flask and the volume
adjusted to 10 ml with methanol. The solution was inverted several
times to ensure mixing.

III. Column Chromatography of FC-95-14C

A silicic acid (Unisiléo column was prepared by pouring a chloroform
slurry of silicic acid into a 14mm I.D. glass column® to a height of

21 cm. A 1.0 ml aliquot of Solution 2 was applied to the top of the
column. Three successive 200 ml fractions were collected after applying
200 ml of CHCl,, Fraction 1; 200 ml of chloroform-methanol 1:1 (volume:
volume), Fraction 2; and 200 ml of methanol, Fraction 3. Each of the
200 ml fractions was evaporated with a rotating evaporator, transferred
to a 12 ml centrifuge tube, evaporated to near dryness with a stream

of nitrogen, and reconstituted with 0.20 ml of chloroform-methanol 1:1
(volume:volume). Fifty microliters was applied to thin-layer plates
and analyzed as described previously.

IV. Results and Discussion

Since the chemical identity of the FC-95-14C is well established by

synthesis (see synthesis of FC-95-14C, this report), unlabeled FC-95
was not co-chromatographed with the labeled FC-95-14c. The results

of the radiochemical purity analysis of Fc-95-14¢ by thin-layer
chromatography are shown in Table 3 and in Figures 2-5. These analyses
did not discern any impurities in Fc-95-14c, Thin-layer analysic of
three column fractions from a silicic acid column showed 99.1% of the
radiocactivity recovered in Fraction 2 (1:1 chloroform-methanol)

(see Figure 6). Fraction 3 (methanol) contained 0.8 per cent of the

E-Unisil, Activated Silicic Acid, 100-200 mesh. Clarkson
Chemical Company, Inc., Williamsport, Pennsylvania.

2-Colum.n was fitted with a sintered-glass base and stopcock.



recovered radioactivity (see Figure 7). The impurity contained in
Fraction 3 has a different R_ (0.40) from that of FC-95 (0.27) in the
same solvent systems. The imMpurity was not identified.

Overall, the radiochemical purity of FC-95-14C is at least 99%. The
FC-95-14C is suitable for metabolism studies.

Acknowledgement
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of the carbon-14 labeled C7F15c:F 502F fractionsdone by Mr. Todd
Mathisen of Commercial Chemicals‘%iVLSion and the assistance of
John C. Hansen and Larry Headrick during the electrochemical
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Table 1
*
Data from Fractional Distillation of Base-Washed C7F15CF2302F
o . Area %2
Fraction bP C Yl(e)ld b CgF13505F <
1l < 40 4.3 99.3
2 < 80 10.8 95.3 2.30 0.12 2.20 —-—
3 80-83 8.7 80.99 8.82 0.95 7.86 -—
4 83-92 4.1 73.55 12.46 1.55 13.36 -
5 92-94 5.7 63.63 15.39 2.17 18.94 ——
6 94-97 4.3 50.23 18.54 3.09 27.52 —
7 97-104 1.8 41 .92 21.18 3.80 32.42 —-——
8 104-108 2.5 22.02 18.90 5.27 53.51 -—
9 108~118 1.8 12.16 15.03 5.82 66 .66 -——
10 118-123 2.7 6.17 11.12 5.84 76.78 -—-
11 126-128 9.4 7.23 5.44 5.33 87.53 -—-
12 128-130 7.1 0.49 1.93 4.39 95.66 —-——
13 131- 33 9.4 —-— — . 0.43 96.64 0.46
14 138- 40 31.2 -——— ~—— 1.52 97.92 0.49
15 > 140 16.0 -—— —-—— 0.22 99.55 0.09
16 -——- 25.2 —-——- —-—- 0.058 93.22 -——
Bottoms -—- —— -——- ——— -— 5.13 64.0
Blend FR 11-16 98.15

2 area percent was determined by gas chromatographic analysis.

E-Low boiling non-functional fluorocarbons below C_F

8718°

E-High-boiling,unidentified fluorocarbons boiling above C_F._SO_F.

817 "2




10.
Table 2

Specific Activity Determination of FC-95-14C

Comparison of Primary Solutions

Solution I Solution II Solution III
(25.00 mg/25.0 ml) (26.84 mg/25.0 ml) (26.79 mg/25.0 ml)
uCi/mg uCi/mg UCi/mg
0.4535 0.4610 0.4660
0.4558 0.4530 0.4647
0.4582 0.4535 0.4598
0.4658 0.4652 0.4532
0.4816 0.4607 0.4554
0.4736 0.4611 0.4644
0.4521 0.4565 0.4425
0.4637 0.4422 0.4576
0.4589 0.4486 0.4567
0.4637 0.4540 0.4625
0.4653 0.4576 0.4490
0.4685 0.4518 0.4513
X + S.D. 0.4634 + 0.0085 0.4554 + 0.0063 0.4569 + 0.0071
Comparison of Scintillation Solvents Comparison of 10 ul and 50 pul Aliquots
MTSS Aquasol® 10 p 50 pl
HCi/mg HCi/mg HCi/mg HCi/mg
0.4658 0.4535 0.4535 0.4521
0.4816 0.4558 0.4558 0.4637
0.4736 0.4582 0.4582 - 0.4589
0.4637 0.4521 0.4658 0.4637
0.4653 0.4637 0.4816 0.4653
0.4685 0.4589 0.4736 0.4653
0.4652 0.4610 0.4610 0.4685
0.4607 0.4530 0.4530 0.4565
0.4611 0.4535 0.4535 0.4422
0.4540 0.4565 0.4652 0.4486
0.4576 0.4422 0.4607 0.4576
0.4518 0.4486 0.4611 0.4518
0.4532 0.4660 0.4660 0.4425
0.4554 0.4647 0.4647 0.4576
0.4644 0.4598 0.4598 0.4567
0.4625 0.4425 0.4532 0.4625
0.4490 0.4576 0.4554 0.4490
0.4513 0.4567 0.4644 0.4513

X + S.D. 0.4614 + 0.0084 0.4558 + 0.0067 0.4615 + 0.0076 0.4557 + 0.0075



Table 3

Thin-Layer Chromatography Systems for FC-95-14C

Type
Plate Solvent b 14
of a R.— of FC-95-" C
No. plate System= £
1 Uniplate 50 chloroform
50 acetone ) 0.17
2 Uniplate 100 chloroform
100 methanol 0.70
2 acetic acid&
3 Uniplate 100 butanol
10 water 0.67
10 acetic acidS
4 Uniplate 150 chloroform
S0 methanol 0.30
_ 5 ammonium hydroxide £
5 Pre-adsorbent 100 butanol
Uniplate 10 water 0.67

10 acetic acid&

£ solvents were prepared volume:volume; a 100 ml aliquot of solvent
mixture was added to chromatography tank.

b Rf is of only radiocactive peak on plate.

[ . . R R
Z Acetic acid and ammonium hydroxide were concentrated.

1T



Figure 1

Pathway for Synthesis of FC-95-14C

*
C,H, ;CH,S0,

*
C7F15CFZSO2

Assay 71.1%

F

so.F2

2KOH

ECF *
AE — C7F15CFZSOZF
R-3256-B
Fractional *
Distillation > C7F15CFZSOZF
Assay 98.15%
I
HZO *
00T —> KO;SCF,C,Fq¢
FC-95-14cR

* Denotes position of Carbon-14.

| o

*
C7H15CHZSO

14

jo

FC-95-

2

F was prepared by Pathfinder Laboratories.

C, potassium perfluorooctanesulfonate.

12.



Percent of Total CPM on Plate

604

504

40

304

20 4

10 4

13.

- Figure 2

Thin-layer Radiochromatogram of
FC-95-14C, Plate No. 1

SGF Uniplate: 100 chloroform
100 acetone

Total CPM on Plate = 39770
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Figure 3

Thin-layer Radiochromatogram of
FC-95-14c, pPlate No. 2

SGF Uniplate: 100 chloroform
100 methanol
2 acetic acid

Total CPM on Plate = 41058
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Figure 4

Thin-layer Radiochromatogram of

FC-95-14C, Plate No. 3

SGF Uniplate: 100 butanol
10 water

10 acetic acid

Total CPM on Plate = 38549
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Figure 5

Thin-layer Radiochromatogram of
FC-95-14C, Plate No. 4

SGF Uniplate: 150 chloroform
50 methanol
5 ammonium hydroxide

Total CPM on Plate = 40842
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Figure 6

14 Thin-layer Radiochromatogram of
C Silicic Acid Column Eluent, Fraction 2
(Chloroform-Methanol)

FC-95-

Pre-adsorbent SGF Uniplate: 100 chloroform
35 methanol
S ammonium hydroxide

Total CPM on Plate = 429,720
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Figure 7

14Thin-layer Radiochromatogram of
FC-95-7"C Silicic Acid Column Eluent, Fraction 3
(Methanol)

Pre-adsorbent SGF Uniplate: 100 chloroform
35 methanol
5 ammonium hydroxide

Total CPM on Plate = 3565
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Summarx -2-

By 89 days after a single iv dose of FC-SS-IAC (mean dose, 4.2 mg/kg) six
male rats excreted a mean of 30.2% of the total carbon-14 via urine. Mean
cumulative fecal excretion was 12.6%. At 89 days, mean tissue concentration
of total carbon-14 expressed as ug FC-95-14¢ equivalents/g were: liver,
20.6; plasma, 2.2; kidney, 1.1; lung, 1.1; spleen, 0.5; and bone marrow,
0.5. Lower concentrations (< 0.5) were measured in adrenals, skin, testes,
muscle, fat, and eye. No radioactivity (< 0.05) was detected in brain.

The carbon-14 in liver and plasma represents 25 and 3 percent of the dose,
respectively.

Introduction

F

[}
*C-so kT
C7F]5 ? 503 K

F * Denotes position of carbon-14

FC-95 is the potassium salt of a perfluorinated sulfonic acid. A series

of experiments has been planned to investigate possible means of increasing
the rate of elimination of FC-95 from the body. FC-95 absorption, elimination
from plasma, and excretion data were neces ary to form a basis for efficient
design of these experiments. This FC-95-149C intravenous experiment (FC-
Experiment 3) which was designed to provide data on the route and extent

of total carbon-14 excretion was paired with an FC-SS-'“C oral dosing
experiment which was designed to provide data on total carbon-14 absorption
and elimination from plasma. (2) In addition, these FC-95 absorption,
plasma elimination, and excretion data will be used to interpret and guide
other experiments on the possible biotransformation of FC-807 (3) to FC-95.

Methods

Radiolabeled FC-95-14c

The carbon-14 label is at the position a to the sulfur atem (see above
structure). The specific activity of this lot of 72-95- C (Riker Isotope
Inventory Number 442) is 0.459 uCi/mg. The FC-95-'%C was found to be
suitable for metabolism studies; details of the synthesis, specific activity
determination, and radiochemical purity determination have been reported. (1)

Animals

Six male Charles River2 cD rats, eight weeks old, were conditioned to
individual metal metabolism cages for 24 hours prior to dosing. The body
weights ranged from 262 to 303 g, mean 283 g. The rats were allowed free
access to Purinal Ground Chow and water before and after dosing.

Dosing

Each rat was weighed, anesthetized with diethyl ether, and then given a
single iv dose (via tail vein) of FC-95-1%C. The dose was 2.0 ml of a
0.9% NaCl solution containing 1.21 mg FC-SS-]hC/Z.O ml. The average
dose was 4.2 mg/kg. The dose was delivered with a 3.0 cc disposable
plastic syringe (Monoject®S) fitted with a 26 gauge 1/2'" needle. The

Charles River Breeding Laboratories, Wilmington, Mass. ~
Purina Lab Chow, Ralston Purina Company, St. Louis, Missouri.
Sherwood Medical Industries, Inc., Deland, Florida 32720.

o |o |o
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dosing solution was prepared by adding 3 200 mg of FC-SS'th to 0.9% NaCl,
shaking for one-half hour at moderate speed in a mechanical shaker, and
centrifuging. The supernatant was removed and used for dosing solution.
The carbon-1h content of the dosing solution was determined by direct
counting (see Appendix 1).

Sample Collection

Urine and feces were collected at intervals (see Tables | and 2) for each

of the six rats for 89 days. At B9 days post dose, the rats were anesthetized
with diethyl ether; blood was drawn from the descending aorta and immediately
transferred to a heparinized tube. Plasma was prepared promptly by
centrifugation. The rats were sacrificed by exsanguination; and spleen,
liver, brain, testes, adrenals, kidneys, lungs, and eyes were collected

as whole organs. Bone marrow was obtained from the four major bones of the
rear legs by splitting the bone and collecting the marrow on pieces of a

tared combustion padl. Samples of skin, thigh muscles, subcutaneous and
abdominal fat, and the total remaining carcass were collected.

Sample Analysis for Carbon-1k4

Feces and major organs were prepared for carbon-14 analysis by homogenizing
and aliquoting a sample of the homogenate into combustion cone<. Homo-~
genizing was done in Waring blenders by adding nine parts of water (w/w)

to one part of biological material. The homogenates were weighed into
combustion cones in triplicate on a top-loading balance by taring the

cone and adding 1.0 g of the homogenate. Care was taken to mix the
homogenate between samplings. Urine, red blood cells, and plasma were
measured into combustion cones Dy weight. Whole eyes, adrenals, and
samples of bone marrow, skin and fat were also weighed in combustion

cones. Care was taken to weigh these samples promptly (1-2 minutes) after
removal in order to avoid loss of weight by drying. Homogenates, tissue
samples weighed directly, and weighed samples of plasma, red blood cells,
and urine were combusted with a Packard Model 306 Oxidizer. Recovery of
carbon-14 from biological samples was determined by combusting suitable
blank homogenates (feces, liver, muscl?& and spleen) and blank rat

plasma spiked with dilutions of FC-95-""C dosing solution at the beginning,
middle, and end of the experimental sample set (see Appendix 2). Urine
collections were sampled before freezing and were counted directly;
triplicate 1.0 ml aliquots of each sample were pipetted directly into
scintillation vials and 15 ml Aquasol® was added. All samples were cooled
to refrigerator temperature in the dark before counting. All radiometric
analyses were done using a Packard Model 3385 Tri-Carb Liquid Scintillation
Spectrometer.

Counting efficiency for each sample was determined by use of the AES (Auto-
matic Externs] Standardization) ratio method. To calibrate the external
standard, internal standard was added to selected samples from the group
of samples (three with low AES ratios and three with high ratios), and
these samples were recounted along with a sealed standard. Data were
collected on punch tape and processed by the CDC 1700 Computer System in
the 3M Central Research Data Processing Laboratory. Data reduction to dpm
was accomplished with the Biological Automatic External Standardization
computer program.

2 Ppackard Instrument Company, inc., 2200 Warrenville Road, Downers Grove, IL.



Results and Discussion

The results of the fecal and urinary analyses are shown in Tables ! and 2
and in Figures | and 2. Tables | and 2 list the total carbon-14 expressed
as percent of dose. The data are expressed as cumulative percent of dose
excreted versus time in Figures | and 2. As illustrated in Figures 1 and
2, excretion of total carbon-14 is slow. By 89 days after dosing,

total excretion (urine + feces) is only 43 percent of the dose. Radicactive
content in feces was too low to measure after 64 days; total carbon-lk
excreted is thus the sum of fecal excretion (0 to 64 days) and urinary
excretion (0 to 89 days). The mean ratio of cumulative excretion of

total carbon-14 in urine (30.2%) to that in feces (12.6%) was 2.4 * 0.2.
This is in contrast to the ratio of cumulative excretion of total carbon-~14
in urine to that in feces (< 0.1)at 124 days post dose reported after a
single iv dose of FC-807-14T. (3) This indicates that FC-807-'5C is not
likely extensively biotransformed to FC—SS-‘“C. Since 50-60 percent of the
FC-95-'“C dose was not excreted by either feces or urine at 89 days post
dose, selected tissues were analyzed for carbon-14 content to identify
those tissues in which total carbon-14 might be retained.

The results of the tissue analyses are shown ln Table 3. Mean tissue
carbon-14 concentrations above one ug FC-95-l C equivalents/g were as
follows: liver, 20.6; plasma, 2.2; kidney, 1.1; and lung, 1.1. Other
tissues such as muscle, skin, bone marrow, and spleen had concentrations
ranging from 0.2 to 0.6 ug/g. There was a difference in carbon-14 content
of subcutaneous fat (0.2 ug/g) and abdominal fat (< 0.08ug/g). Very little
total carbon-14 was found in whole eye (0.16 ug/g) and no detectable total
«carbon-14 was found in brain. There is a striking difference in the pattern
of total carbon-14 Eetention when liver, bone marrow, and spleen after iv
dosing with FC-SS-] C is compared to th? pattern of retention found for
these tissues after dosing with FC-807- be. (3) The mean carbon-14 content
for FC-807-1Y9C dosed rats normalized to liver content are: liver, 1.0;
spleen, 8.9; and bone marrow, 2.4. For FC-95-1%C dosed rats, the mean
ratios are liver, 1.0; spleen, 0.02; and bone marrow, 0.02. Since the
spleen/liver ratio following FC-SS-IAC is 8.9 and bone marrow/liver

is 2.4, this data supports the conclusion that FC-807 is not extensively
or rapidly biotransformed to FC-95.

The total carbon-14 contents expressed as percent of dose for

selected whole organs and plasma and red blood cells are listed

in Table 4. Only liver and plasma contain a substantial percent- ]
age of the dose at 89 days post dose. The low levels of radioactivity
found for kidney, lung, testes, and spleen, are (in view of the
relatively high carbon-14 content of plasma and red blood cells)

due in part to the blood still contained in these organs when homogen-
ized and analyzed.
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- Table 1
Excretion of Total Carbon-14 in Urine

in Rats after a Single Intravenous Dose
of FC-95-14C (Mean Dose, 4.2 mg/kg)

Collection Rat Number

Period (days) 3 2 3 2 5 6 Mean
0-0.5 1.002 0.69 1.03 0.77 1.03 0.86 0.91
0.5-1 0.70 0.90 0.72 0.60 0.77 0.94 0.77

1-2 1.56 1.11 1.47 0.78 1.08 1.27 1l.21
2-3 1.31 1.05 1.14 0.68 0.91 1.11 1.03
3-4 1.16 0.87 1.06 0.68 0.93 0.85 0.93
4-5 1.09 0.80 0.81 0.60 0.80 0.90 0.83
5-6 0.86 0.72 0.67 0.49 0.76 0.77 0.71
6-7 1.07 0.71 0.75 . 0.52 0.74 0.75 0.76
7-8 0.90 0.69 0.85 0.54 0.76 0.74 0.75
8-9 0.86 0.57 0.70 0.60 0.68 0.67 0.68
9-10 0.82 0.66 0.79 0.59 0.48 0.74 0.68
10-11 - 0.60 0.36 0.65 0.64 0.63 0.64 0.59
11-12 0.62 0.52 0.54 0.69 0.55 0.57 0.58
12-13 0.56 0.53 0.63 0.60 0.60 0.59 0.59
13-14 0.55 0.53 0.51 0.58 0.57 0.55 0.55
14-15 0.65 0.51 0.46 0.57 0.55 0.51 0.54
15-16 0.54 0.48 0.56 0.45 0.58 0.46 0.5}
16-17 0.57 0.43 0.40 0.45 0.48 0.55 0.48
17-18 0.53 0.40 0.34 0.35 0.49 0.44 0.43
18-19 0.41 0.39 0.28 0.42 0.38 0.46 0.39
19-21 0.93 0.81 0.79 0.77 0.84 0.92 0.84
21-23 0.91 0.75 0.69 0.77 0.66 0.88 0.78
23-25 0.63 0.59 0.59 0.66 0.70 0.77 0.66
25-27 0.76 0.67 0.64 0.66 0.68 0.64 0.68
27-29 0.73 0.66 0.73 0.68 0.66 0.64 0.68
29-32 1.04 0.88 0.69 0.89 0.82 0.86 0.86
32-36 1.06 1.05 l1.16 1.21 1.14 0.66 1.05
36-40 0.97 1.08 0.97 1.01 1.01 0.91 0.99
40-43 0.59 0.58 0.88 0.82 0.79 0.83 0.75
43-47 0.59 0.78 1.00 0.94 0.96 1.25 0.92
47-50 0.70 0.52 0.66 0.70 0.69 0.79 0.68
50-54 0.52 0.77 0.82 0.83 0.75 0.98 0.78
54-57 0.63 0.56 0.62 0.63 0.58 0.61 0.61
57-61 0.56 0.82 0.74 0.89 0.81 0.94 0.79
61-69 1.38 1.33 1.41 1l.64 1.66 1.59 1.50
69-78 1.51 1.77 1.49 1.60 1.64 1.81 1.64
78-89 1.59 2.03 1.97 2.06 2.45 2.39 2.08
TOTAL 31.6 28.6 30.2 28.4 30.6 31.8 30.2

2 pata are expressed as percent of dose excreted during collection period.



Table 2

Excretion of Total Carbon-1l4 in Feces
in Rats after a Single Intravenous
Dose of FC-95-14C (Mean Dose, 4.2 mg/kg)

Collection
Period Rat Number
(days) 1 2 3 2 5 6 Mean
0-0.5 0.0432 - 0.069 0.004 0.178 - 0.049
0.5-1 0.711 0.780 0.919 0.988 0.777 0.877 0.842
1-2 0.955 0.770 0.865 0.465 0.682 1.032 0.795
2-3 0.761 0.572 0.726 0.466 0.652 0.719 0.649
3-4 0.736 0.604 0.599 0.667 0.639 0.6 89 0.656
4-5 0.764 0.630 0.606 0.395 0.538 . 0.529 0.577
5-6 0.636 0.595 0.352 0.397 0.502 0.578 0.510
6-7 0.560 0.464 0.911 0.434 0.522 0.635 0.588
7-8 0.539 0.423 0.832 0.306 0.343 0.451 0.482
8-9 0.441 0.336 0.597 0.337 0.411 0.401 0.421
9-10 0.478 0.400 0.342 0.299 0.371 0.433 0.387
10-11 0.524 0.407 0.327 0.295 0.294 0.372 0.370
11-12 0.311 0.278 0.240 0.304 0.269 0.374 0.296
12-13 0.319 0.279 0.301 0.363 0.300 0.296 0.310
13-14 0.351 0.255 0.280 0.299 0.222 0.278 0.281
14-15 0.328 0.233 0.265 0.309 0.247 0.275 0.276
15-16 0.291 0.276 0.276 0.252 0.252 0.283 0.272
16-17 0.246 0.174 0.174 0.176 0.190 0.164 0.187
17-18 0.228 0.130 0.171 0.156 0.117 0.178 0.163
18-19 0.124 0.105 0.170 0.111 0.110 0.153 0.129
19-21 0.378 0.274 0.295 0.294 0.325 0.301 0.311
21-23 0.357 0.258 0.280 0.303 0.276 0.340 0.302
23-25 0.088 0.349 0.294 0.255 0.280 0.308 0.262
25-27 0.288 0.176 0.138 0.204 0.218 0.226 0.208
27-29 0.266 0.140 0.197 0.181 0.149 0.280 0.202
29-32 0.270 0.114 0.220 0.260 0.239 0.237 0.223
32-36 0.570 0.366 0.490 0.646 0.587 0.499 0.526
36-50 1.397 1.074 1.562 1.768 1.352 2.028 1.530
50-64 1.086 0.663 0.957 1.125 0.452 0.712 0.833
TOTAL 14.0 11.1 13.5 12.1 11.5 13.6 12.6

2 pata are expressed as percent of dose excreted during collection period.



9=

Table 3
Tissue Distribution of Total Carbon-~14

in Rats at 89 Days after a Single Intravenous
Dose of FC-95-14C (Mean Dose, 4.2 mg/kg)

Rat Number

1 2 3 4 - 5 6 Mean

Tissue> g/ ug/g ug/g ng/q. Bg/g ug/g ug/g
Liver 17.17 21.46 21.22 22.25 18.99 22.27 - 20.56
Plasma " 2.37 2.17 2.37 2.27 2.05 - 2.05 2.21
Kidney 1.05 0.89 1.10 1.20 1.10 1.22 1.09
Lung 0.98 0.90 1.03 1.31 1.10 1.03 1.06
Spleen 0.48 0.50 0.51 0.57 0.48 0.49 0.51
Bone Marrow 0.41 0.43 0.39 0.79 0.35 0.38 0.46
Red Blood Cells 0.43 0.59 0.58 0.37 0.37 0.34 0.45
adrenals 0.44 0.42 0.49 0.32 0.35 0.41 0.41
Testes 0.33 0.33 0.35 0.41 0.35 0.37 0.36
Skin 0.38 0.38 0.35 0.32 0.34 0.32 0.35
Muscle 0.41 G.31 0.31 0.29 0.26 0.18 0.29
Subcutaneous 0.15 0.28 0.19 0.27 0.13 0.15 0.20

Fat

Eye 0.18 0.15 0.16 0.18 0.13 0.16 0.16

2 Brain and abdominal fat were also assayed but level of carbon-14 was toco low to
quantitate (< 0.08 ug/g) in abdominal fat, and too low to detect in brain (< 0.05 ug/g).

b Total carbon-14 concentration is expressed as ug equivalents of FC-95-14C/g.
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Table 4

Percent of Dose Present in Tissues
at B89 Days after a Single Intravenous

Dose of FC-95-14

C (Mean Dose, 4.2 mg/kg)

Rat Numberxr
Tissue 1 2 3 4 5 ) Mean
3 L3 % % 3 3 %
Liver® 20.16 27.11 25.39 29.06 24.96 24.58 25.21
Plasma> -2.81 2.82 2.84 3.00 2.75 2.64 2.81
Red Blood 0.42 0.64 0.58 0.41 0.41 0.37 0.47
CellsS

Kidney2 0.27 0.22 0.24 0.30 0.27 0.30 0.27
Lung> 0.15 0.11 0.12 0.17 0.13 0.11 0.13
Testes® 0.10 0.09 0.11 0.12 0.10 0.10 0.10
Spleen> 0.02 0.02 0.02 0.03 0.02 0.02 0.02
a

Tea

Data is estimate of percent of dose present in plasma.

Plasma volume = 31.3 ml/kg body weight (4 ).

|0

Red blood cells = 26.3 ml/kg body weight (4 ).

Data is expressed as percent of dose present in whole organ.

Data is estimate of percent of dose present in red blood cells.

: ‘;- .
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Cumulative Percent of Dose in Urine

Figure 1

Cumulative Excretion of Total Carbon-14 in Urine
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Appendix 1

Determination of Carbon-14 Content of Dosing Solution

Just prior to dosing of rats, the FC-95-14C dosing solution was sampled with
calibrated micropipettors? directly into counting vials. Six 10 ul and six b
50 ul aliquots were pipetted, 1 ml of water and 15 ml of Aquasol® were added™,
corrections were made for background and counting efficiency and, using the
specific activity of FC-95-14¢ already determinedg, the uCi/2.0 ml was
calculated. The data are shown in Appendix Table 1. The dose administered
each rat is 2.0 ml of solution containing 0.553 uCi of FC-95-14C which is
1.21 mg of Fc-95-14c, This is a mean dose of 4.2 mg/kg.

E-L/I Micropipettor, Lab Industries, Berkeley, California.

E-Aquasol® was found to be a suitable solvent-scintillent
for FC-95-14¢ during specific activity determination (1).

S-Specific activity = 0.459 uCi/mg. Specific activity
determination has been reported (1).
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Appendix
Table 1

Content of Dosing Solutjon

10 ul Aliquot

A§h~ﬂl~Aliquot

uCi/2.0 ml " uCi/2.0 ml
0.5602 0.5624
0.5554 0.5532
0.5614 0.5290
0.5628 0.5390
0.5612 0.5382
0.5554 0.5534

Overall average = 0.5526
0.553

0.4586 uCi/mg

= 1.21 mg FC-SS-IhC/Z.O ml




Apgendix 2

Recovery of Total Carbon-14 from Blank
Biological Samples Spiked with FC-95-1kc

The good recovery of total carbon-14 from combusted Fc-807-14¢ in biological
samples has been reported. (3) Since the carbon label is a to the sulfur
atom in both FC-95-14¢C and the components of FC-807-‘hC, it is reasonable
to expect that good recovery of total carbon-14 from FC-95-14C and/or its
metabolites in biological samples can be attained. For each set of
samples combusted, four replicates of 10 ul, 50 ul, and 100 pl of diluted
FC-SS-'“C dosing solution were aliquoted with calibrated micropipettors
directly into scintillation vials. At the same time using the same
solution and pipettes, either three or four replicates of 10 ul, 50 pl

and 100 ul were aliquoted directly into combustion cones which already
contained blank biological material (fecal, liver, muscle, or spleen
homogenates). The combustion cones were dried and then pelletized with

5 cm ashless filter paper. Blank filter paper pellets were fgmbustgd

and the solvents collected in the vials to which the FC-95-1%¢

had been added directly. One each of the 10 ul, 50 ul, and 100 yul FC-SS-‘QC
spiked pellets were routinely combusted at the beginning, middle, and

end of each set of biological samples. After correction for background

and counting efficiency, percent recovery was calculated by comparing

mean results from direct addition and combustion. The mean recovery

data for three sets of fecal sam?les that were analyzed on different

days for total carbon-14 (FC-95- bc) are shown in Appendix Table 2.

The mean recovery is 98.0 + 1.5%. Since each entry in the table is

the mean of four determinations, this mean recovery is based on 36
determinations. Recovery of total carbon-14 from spiked tissue homogenates
(not shﬂwn) was also 98%. Thus, good recovery of total carbon-14 from
FC-95-14¢ spiked biological material is shown.
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Appendix
‘Table 2

Recovery of Total Carbon-14 from Blank
Fecal Homogenate Samples Spiked with FC-BS-’AC

10 p12 50 ul 100 w1
97.420% 99.5 4 97.7
100.6 97.0 98.1
97.9 95.4 98.1
98.6 97.3 98.0

Overall average = 98.0 * 1.5% (mean + s.D.)

2 Amount of FC-SS-IAC reference solution added.

b dpm from combustion
Data are expressed as % recovery dpm From direct addition X 100)

£ Each entry is the mean of 4 combustion recovery determinations.
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Appendix 3

Comparison of Carbon-14 Analysis of Urine
Samples by Oxidation Versus Direct Counting in Aquasol®

The urine carbon-14 excretion data reported in this report

are based on direct counting in Aquasol®. However, there is a concern
that an insoluble metabolite or complex might exist in the urine so that
not all of the radioactivity in the urine is counted. To investigate
this possibility, concentration data from combustion were compared to
concentration data cbtained from direct counting of the same urine
samples. The data are shown in Appendix Table 3. The mean ratio of the
results from the comparison is 0.97. Thus, direct counting in Aguasol®
is a valid method to assay total carbon-14 in the urine samples.
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Appendix
Table 3

Comparison of Carbon-14 Analysis of Urine Samples
by Oxidation versus Direct Counting in Aquasol®

Ratio

Sample Direct Counting Oxidized Oxidized/

Number =~ ( ug/ml)2 (ug/g)2 Direct Counting

0.98 0.95 0.97
2 1.04 1.01 0.97 -

3 0.76 0.75 0.99

4 0.66 0.62 0.94

"5 0.86 0.72 0.84

6 0.77 0.84 1.09
Mean 0.97

2 pata expressed as ug FC-95-14C equivalents/ml.

E-Dat:a expressed as ug FC-95-14C equivalents/g.
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Summary

After a single oral dose of PC-BS-MC (mean dose, 4.2 mg/kg) in
solution to groups of three male rats, at least 95% of the total
carbon-14 is systemically absorbed at 24 hours. The half-life
for elimination of total carbon-14 from plasma is 7.5 days.
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FC~95 *Denotes Position of Carbon-14

FC-95 is the potassium salt of a perfluorinated sulfonic acid. A series

of experiments has been planned to investigate possible means of increasing
the rate of elimination of FC-95 from the body. FC-95 absorption, elimination
from plasma, and excretion data were neceggary to form a basis for efficient
design of these experiments. This FC-95-""C oral dosing experiment
(FC-Experiment 4) which was designed to provide total1 arbon-14 absorption
and plasma elimination data was paired with an FC~95- C iv dosing experiment
(FC-Experiment 3) which was designed to provide data on the route and extent
of total carbon-l4 excretion. 1In addition, these FC-95 absorption, Plasma
elimination, and excretion data will be used to interpret and guide other
experiments on the possible biotransformation of FC-807 to FC-95.

Methods

Radiolabeled FC-95-14C

The carbon-14 label is at the position a to the sulfur aE m. (See above
structure). The specific activity of this lot of FC-95--°C (Riker Isotope
Inventory Number 442) is 0.459 uCi/mg. The FC-95-14¢C was found to be
suitable for metabolism studies; details of the specific activity deter-
mination, chemical characterization, and radiochemical purity determina-
tion will be reported separately.

Animals

Male Charles River2 cD rats, eight weeks old, were conditioned to individual
metal metabolism cages for 24 hours prior to dosing. The body weights
ranged from 243 to 315g, mean 285g. The rats were allowed free access

to Purinak Ground Chow and water before and after dosing.

Dosing

Each non-fasted rat was weighed immediately before being given a single oral
dose of FC-95-14C. The dose was 2.0 ml of a 0.9% NaCl solution containing
1.21 mg FC-95-14C/2.0 ml. The average dose was 4.2 mg/kg. The dose was
delivered with a 2.0 cc glass syringe (Trvlom®c) fitted with a stainless
steel intubation tube. The dosing solution was Prepared by adding v~ 200 mg
of FC-95-14C to 0.9% NaCl, shaking for one half hour at moderate speed in

a mechanical shaker, and centrifuging. The supernatant was removed and
used for dosing solution. The carbon-~14 content of the dosing solution

was determined by direct counting (see Appendix 1).

n

Charles River Breeding Laboratories, Wilmington, Mass.

o

Purina Lab Chow, Ralston Purina Company, St. Louis, Missouri.

0

Aloe Medical, Division of Brunswick, St. Louis 3, Missouri.



Sample Analysis for Carbon-14

Homogenizing of feces and tissue was done in Waring blenders bv adding nine
parts of water (w/w) to one part of biological material. The homogenates were
weiched into combustion cones? in trivlicate on a top-loadina balance by

tarina the cone and addinag 1.0q of the homogenate. Care was taken to mix

the homogenate between samplinas. Urine., red blood cells. and plasma samples
(from the 24 and 48 hour post dose aroups) were also measured into combustion
cones bv weight. The concentration of carbon-14 in plasma for the 3 rats in
the 24 and 48 hour aroups was determined bv both combustion and direct countinga.
Plasma samples (including the 24 and 48 hour vost dose orouns) were counted
directly by transferring 1.0 ml of plasma and 15 ml of Aquasol to a scintilla~
tion vial and counting in a liquid scintillation spectrometer. Homogenate,
plasma, urine and red blood cell samples from the 24 and 48 hour post dose
group were combusted with a Packard Model 306 Oxidizer. Combustion recovery

of carbon-14 from biological samples was determined by combusting blank fecal
homogenates and blank red blood cells spiked with dilutions of FCc-95-14¢

dosing solution at the beginning, middle, and end of the analysis of the exper-
imental sample set (see Appendix 2).

All radiometric measurements were done using a Packard Model 3385 Tri-Carb
Liquid Scintillation Spectrometer. For plasma samples counted directly, the
efficiency for each sample was determined by adding internal standard to each
sample and recounting, correcting for background from appropriate blanks, and
comparing the results to a sealed standard of known activity. After correcting
for background with appropriate blanks and for efficiency, the carbon-14
content of each sample was calculated. For oxidized samples, counting efficiency
for each sample was determined by use of the AES (Automatic External Standardi-
zation) ratio method. To calibrate the external standard, internal standard
was added to selected samples from the group of samples (three with low AES
ratios and three with high ratios) and these samples were recounted along with
a sealed standard. Data were collected on punch tape and processed by the

CDC 1700 Computer System in the 3M Central Research Data Processing Laboratory.
Data reduction to dpm was accomplished with the Biological Automatic External
Standardization computer program.

Sample Collection

Groups of three rats were sacrificed by exsanguination at 1, 2, 6, 12, 24, 48,
96, and 144 hours post dose. Rats were anesthetized with diethyl ether and
blood was drawn from the descending aorta of each rat and immediately trans-
ferred to a heparinized tube. Plasma was prepared promptly by centrifugation.
In addition to plasma and red blood cells, total urine, total feces, spleen,
digestive tract plus contents (esophagus, stomach, small intestine, large
intestine, and colon) and remainder of carcass were saved from each of the
three rats in the 24 and 48 hours post dose groups for carbon-14 analysis.

Packard Instrument Company, Inc., 2200 Warrenville Rd., Downers Grove, Illinois,

a
b New England Nuclear, Boston, Mass.



Results and Discussion

The results of the urine, feces, digestive tract plus contents, and carcass
analyses are shown in Table 1. The digestive tract and contents contained
on the average, 3.45% of the dose. The mean fecal excretion is 1.55% of the
dose at 24 hours and 3.24% at 48 hours. At 24 hours, the mean sum of total
carbon-14 in feces and digestive tract plus contents is 5% of the dose.

Some of this 5% likely represents systemically absorbed carbon-14 present
either in the digestive tract tissues or in the digestive tract contents as

a result of excretion. The data from the 48 hour post dose group of rats are
consistent with the 24 hour post dose data. Thus, at least 95% of the
FC-95-14C dose was absorbed from solution after administration to non-fasted
rats. The major portion of the radioactivity recovered was found in the
carcass. The carcass data are not as reliable as the other tissue data since
large volume homogenates were necessary and homogeneity of sample aliquots
was difficult to assure. There is some excretion of total carbon-14 in urine
(1-2%/Bay); this is in contrast to the much sliwer rate of urinary excretion
of total carbon-14 after an iv dose of FC-807-T4c (0.067%/day) (1). The
spleens from the 24 hour and 48 hour post dose rats were analyzed for total
carbon-14 content, and the percent of the dose in the whole organ was ~ 0.2%.
This is much lower than the 6% of the dose in spleen observed at 124 days
post iv dose for FC-807-14c (1).

The concentrations of total carbon-14 in red blood cells and plasma were com-~
pared (Table 2). The mean ratio of red blood cell to plasma concentration
at 24 and 48 hours is 0.25 and 0.39, respectively. Thus, at 24 and 48 hours
after a single oral dose of FC-95-14C, there is no selective retention of
carbon-14 in red blood cells.

The results from analysis of plasma samples from groups of three rats at

1, 2, 6, 12, 24, 48, 96, and 144 hours after a single oral dose of Fc-95-14c
are shown in Table 3. The log of mean concentration versus time for these
data is plotted in Figure 1. The least squares line through the individual
points from 24 to 144 hours for these data fits the equation:

Cp = 15.65e_0'00387t;cP is plasma concentration. The half-life of elimination

from plasma is 179 hours (7.5 days). Thus, elimination from plasma of total
carbon-14 after a single oral dose of FC-95-14C is slow.

References

1. Johnson, JD: Extent and Route of Excretion and Tissue Distribution
of Total Carbon-14 in Rats after a Single IV Dose of FC-807-14C

{(Report), September 29, 1979.

2. Johnson, JD: Absorption of FC-807-14C in Rats after a Single Oral
Dose (Report), July 10, 1979.
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Table 1

Percent Recovery of Total Carbon-14 after a
Single Oral Dose of FC-95-14C to Rats (Mean Dose, 4.2 mg/kg)
at 24 and 48 Hours Post Dose

Percent of Dose

Time Digestive
Rat Post Dose Carcass Tract plus Peces Urine
Number (Hours) Contents
1 24 77.342 . 3.27 1.68 1.67
2 24 77.06 3.45 1.72 1.94
3 24 82.62 4.02 1.24 1.09
Mean 79.01 3.58 1.55 1.57
4 48 103.61 3.55 3.25 1.91
5 48 86.21 3.17 3.10 2.78
6 48 92.63 3.24 3.37 2.88
Mean 94.15 3.32 3.24 2.52

Z pata were adjusted for combustion recovery (see Appendix 2).



Table 2

Comparison of Total Carbon-14 Content of
Red Blood Cells and Plasma after a Single
Oral Dose of FC-95-14C to Rats (Mean Dose, 4.2 mg/kg)
at 24 and 48 Hours Post Dose

Nuzgzr Pos:ig:se Regegigéd _ " Plasma R::i;sigga:;ZOd
(Hours)

1 24 3.6322 16.342 0.22

2 ‘ 24 4.15 14.62 ' 0.28

3 24 3.18 13.40 0.24
Mean 0.25

4 48 2.80 14.27 0.20

5 48 7.85 14.25 0.55

6 48 4.94 11.76 0.42
Mean 0.39

2 pata are expressed as ug equivalents of FC-95-14C/g.

b The data were obtained by combustion and were adjusted
for recovery (see Appendix 2).
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Table 3

Concentration of Carbon-14 in Rat Plasma

after a Single Oral Dose of FC-95-14C (Mean Dose, 4.2 mg/kg)

at 1, 2, 6, 12, 24, 48, 96,and 144 Hours Post Dose

Post ; B - Avezage
Dose’ o ' =
lll..35E 7.47 . 7.62 8.81 + 2.20
9.84 12.88 6.12 9.61 + 3.39
11.74 11.59 12.60 11.98 + 0.55
12 13.20 14.14 12.61 13.32 + 0.77
24 16.35 14.43 13.02 14.60 + 1.60
48 13.64 13.98 11.06 12.89 + 1.60
96 11.05 9.67 11.00 10.57 + 0.78
144 8.71 9.53 9.09 9.11 + 0.41

—————

a Three rats were dosed and sacrificed for each time interval.

b Data were obtained by direct counting; data are expressed as

Ug equivalents of FC-95-14c/ml of plasma.
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Figure 1
Mean Concentration of Carbon-14 in Rat Plasma
After a Single Oral Dose of FC-95-l4c
(Mean Dose, 4.2 mg/kg)
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Appendix 1

Determination of Carbon~1l4 Content of Dosing Solution

Just prior to dosing of rats, the FC-95-14C dosing solution was sampled
with calibrated micropipettorsE directly into counting vials; six 10 ul
and six 50 ul aliquots were pipetted. One ml of water and 15 ml of
Aquasol® were addedé, corrections were made for background and counting
efficiency and, using the specific activity of FC—95-14C already
determinedg, the UCi/2.0 ml was calculated. The data are shown in
Appendix Table 1. The dose administered each rat was 2.0 ml of solution

14

containing 0.553 uci of FC-95- % which is 1.21 mg of rc-95-l4c.

This is a mean dose of 4.2 mg/kg.

2i:./I Micropipettor, Lab Industries, Berkeley, California.

EAquasol@ was found to be a suitable solvent-scintillent for FC—95-14C
during specific activity determination (to be reported separately).

SsPecific activity = 0.459 uCi/mg. (Specific activity determination to
be reported separately).
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Carbon-14 Content of Dosing Solution

10 ul Aliquot . .50 ul Aliquot
 pCif2.0mI - - e - 4Ci/2.0 ‘ml
0.5602 0.5624
0.5554 0.5532
0.5614 0.5290
0.5628 0.5390
0.5612 0.5382
0.5554 0.5534

Overall average = 0.5526

0.553

0.553 . 14
0.4586 uCi/mg ~ 121 WCi FC-95-7"C/2.0 ml

i
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Recovery of Total Carbon~l14 from Blank
Biological Samples Spiked with FC-95-l4¢
14

The good recovery of total carbon-14 from combusted FC-807- C in biological

samples has been reported (2). Since the carbon label is a to the sulfur

atom in both FC-95-14C and the components of FC-807-14C, it is reasonable to

expect that good recovery of total carbon-14 from FC-95-14C ané/ér its
metabolites in biological samples can be attained. For each set of samples
combusted, four replicates of 10 ul, 50 ul, and 100 ul of diluted FC—95-14C

dosing solution were aliquoted with calibrated micropipettors directly into
scintillation vials. At the same time using the same solution and pipettes,
either three or four replicates of 10 ﬁl, 50 ul or 100 ul were aliquoted

directly into combustion cones which already contained blank biological material
(fecal homogenates, plasma, or red blood cells). The combustion cones were

dried and then pelletized with 5 cm ashless filter paper. Blank filter paper
pellets were combusted and the solvents collected in the vials to which the Fc-95-l4c
had been added directly. One each of the 10 ul, 50 ul, and 100 yul FC-95-14C
spiked pellets were routinely combusted at the beginning, middle, and end

of each set of biological samples. After correction for background and counting
efficiency, percent recovery was calculated by comparing mean results from

direct addition and combustion. The mean recovery data for three sets of

fecal samples that were analyzed on different days for total carbon-14 (FC-95-14C)
for FC-Experiments Ito be reported later) are shown in Appendix Table 2A. The
mean recovery is 98.0 + 1.5%. Since each entry in the table is the mean of four
determinations, this mean recovery is based on 36 determinations. Thus, good
recovery of total carbon-14 from Fc-95-14c spiked bioclogical material is shown.
The mean recovery for the set of samples in the report (FC-Experiment 4) which

is based on triplicate 10 ul, 50 pl, and 100 pl FC-95-Y4c spiked blank fecal
homogenates and red blood cells was 93.6%. (See Appendix Table 2B). This

slightly lower recoverv was due to a minor malfunction of the Packard Oxidizer

and was fairly uniform throughout the set of samples. Thus, the total carbon-14
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data obtained from combustion in this report were adjusted for recovery.

There was no apparent differences in recovery between spiked blank red blood

cells and spiked fecal homogenates.



i
i

- . ‘ : le.

‘Appendix
‘Table 2A

Recovery of Total Carbon-14 from Blank

Fecal Homogenate Samples Spiked with Fc—ss-“c

owmd o sawl. . 100 Ml
97.42°% 99.5 97.7
100.6 97.0 98.1
97.9 95.4 98.1
98.6 97.3 98.0

Overall average = 98.0 + 1.5% .

14C reference solution added.

2 Amount of FC-95-
" dpm from combustion

d-pm from direct addition x 100)

b
— Data are expressed as % recovery

€ Each entry is the mean of 4 combustion recovery determinations.



Appendix
" Table 2B

Recovery of Total Carbon-1l4 from
Fecal Homogenate and Red Blood Cell Samples
Spiked with FC-95-14¢c

" 'DIRECT 'ADDITION

10 12 50 'ul ©°100 ‘ul
7562 3868 7403
756 3688 2404

727 3719 -
723 ‘3671 7394

741 + 18 3737 + 90 7400 + 6

i " SPIKED AND OXIDIZED

10 ul 50 ul 100 ul

Red : Red ’ Red

Fecal Blood Fecal Blood Fecal Blood

Homogenates Cells Homogenates Cells Homogenates Cells

619 671d 3581 3583 7408 7093

613 ——— 3775 3583 7104 7098

677 711 3484 3347 7105 7081

X 636 691 3613 3504 7106 7091

636
5. X 100 = 85.8% 3613 7106
741 3737 X 100 = 96.7% 7400 X 100 = 96.0%
691 _ 3504 _ . 7091 _

741 X 100 = 93.3% 3737 X 100 = 93.8% 7400 X 100 = 95.8%

Overall average = 93.6%

2-Axnount of FC-95-14C spiking solution added.

1—)-Dat:a are expressed as dpm.

E-Sample was not used; cracked vial.

g-sPiking error; sample was not used.
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Appendix 3

Comparison of Oxidation with Direct Counting
of Plasma Samples from Rats at 24 and 48 Hours

after a Single Oral Dose of PC—95—14C

Concentration of Carbon-14 in plasma for the three rats in both the 24

and 48 hour post dose grourswas determined by both oxidation and direct
counting. Samples were counted directly by transferring 1.0 ml of plasma
and 15 ml of Aguasol® to scintillation vials and counting in the liquid
scintillation counter. Corrections for efficlency and background werxe
made for each sample. For determination by oxidation, plasﬁa samples were
measured by weight into combustion cones and carbon-14 was determined by
combusting and counting. The data from the plasma oxidation - direct
counting comparison are shown in Appendix Table 3. The mean ratio of
oxidized to direct counting is 0.97% 0.02. Thus, the plasma level data
obtained via either of these two methods will be essentially the same.

The direct counting method, being much more convenient, was chosen to
analyze the plasma, and the data quoted for the plasma concentration versus
time (Figure 1) is from direct counting. Though a direct measurement of
absolute recovery from plasma was not done, these results indicate that

recovery of total carbon~14 from plasma spiked with FC—95-14C would be

similar to that found for recovery from fecal homogenates (98%, Appendix 2).
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Appendix

Table 3

Comparison of Oxidation with Direct Counting
of Plasma Samples from Rats at 24 and 48 Hours after
a Single Oral Dose of Fc-95-l4c

Direct " 'Ratio
Rat Counting Oxidati:n - Oxidation/
(ug/miyd - - (ug/9)2 . p;rect Counting

1 (24 hours) 16.35 15.30 0.94
2 {24 hours) 14.43 13.99 0.97
3. (24 hours) 13.02 12.55 0.96
1 (48 hours) 13.64 13.36 0.98
2 (48 hours) 13.98 13.33 0.95
3 (48 hours) 11.06 11.01 1.00

X + SD 0.97 + 0.02

2 pata are expressed as ug eqguivalents of FC-95~

146.
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Cholestyramine-Enhanced Fecal Elimination of Carbon-14 in Rats after
Administration of Ammonium ['“CIPerflucrooctanocate or
Potassium ['“C]Perfluorooctanesulfonate

JAMES D. JOHNSON,' SHEILA J. GIBSON, AND ROBERT E. OBER

Riker Laboratories, Inc.. 3M Center. Building 270-35-05, St. Paul, Minnesota 35144

Cholestyramine-Enhanced Fecal Elimination

of Carbon-14 in Rats after Administration of

Ammonium [“C]Perfluoroocancate or Potassium [“C]Perfiucrooctanesulfonate. JOHNSON,
J. D. Guasow, S. J. AND Oser, R. E. (1984). Fundam. Appl. Taxicol 4, 972-976. After 2
single intravenous dose of ammonium [**Clperfiueroocancate ([“CJFFO, 133 nyk;) or of

days afier administration of [“CIPFO and for 21 days after administration of ['“CJPFOS.
Control rats were administered radiolabeled flucrochemical but were not treated with choles-
tyramine. Cholestyramine treatment increased mean cumulative carbon-14 elimination in feces
by 9.8-fold for rats administered [*“CJPFO and by 9.5-fold for rats administered [“CJPFOS.
After [“C]PFO, a mean of 4% of the dose of carbon-14 was in liver of cholestyramine-treated
rats at 14 days versus 7.6% in control rats; after ['*CJPFOS, 11.3% of the dose was in Liver at

21 days versus 40.3% in control rats. After ad
plasma and red blood cell carbon-|4 concen

ministration of either radiolabeled compound, {1
trations, which were relatively lower than Jiver H

concentrations. were also significantly reduced by cholestyramine treatment. e 1984 Sociery of '

Taxicology. M

The anion of perflucrooctanoic acid has been
found in the serum of manufacturing plant
workers (Ubel e al., 1980). Toxicity studies
in animals have been reported (Griffith and
Long, 1980). In view of the slow elimination
and the presence of the compound in plant
workers’ serum, a means of enhancing elim-
ination was sought. In addition, since both
ammonium perflucrooctanoate and potas-
sium perfluorooctanesulfonate are commer-
cial products and intermediates of products,
the possibility of affecting the elimination of
perfluorooctanesulfonate was also of interest.
Cholestyramine, an agent approved for use
in humans 1o jower choiesterol blood levels,
is an anion exchange resin which has been
used to promote fecal excretion of the pesti-
cide chlordecone (Kepone) in rats (Cohn er

'To whom all correspondence should be addressed.
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al., 1978). Since both perflucrooctanoic acid -

and perfluorocctanesulfonic acid are
as salts and exist as anions at hysiologic

pH, they would be expected to complex with ‘3

cholestvramine In vivo. thou, astoor et
“—.—-h._— N - o

al. (1983) investigated cholestyramine in mice
and rats and found no enhanced elimination

of carbon-14 with a single 1000-mg/kg c-s¢ W

of cholestyramine given at 24 hr after a 10-
mg/kg oral dose of ammonium [“Clper- '

fluorooctanoate, the usual application of -3

cholestyramine administered to enhance
elimination of xenobiotics is with repeated
doses. In the study reported here, we inves- 3
tigated the effect of cholestyramine adminis-
tered in feed for several days on the rate of -

fecal elimination of carbon-14 after either a ¥ -

subtoxic intravenous dose of ammor m :
["“Clperflucrooctancate (['“CJPFO) or pous- 2
sium [“C]perflucrooctanesulfonate ([*C}
PFOS).
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CUMULATIVE PERCENT DOSE IN FECES

1 ] ) =
DAYS POST DOSE

FiG. 1. Cumulatve excretion of total carbon-14 in feces after s single intravenous dose of potassium
(“Clperfluorooctanesulfonate ([“CJPFOS). Mean dase of ["“C]PFOS: cholestyramine wreated, 3.4 mg/kg
(O), control 3.5 mg/kg (A). Toul cumulative percentage excreted in feces: cholestyramine treated, 75.8
= 5.0, control, 8.0 = 0.8.

DISCUSSION

, sents 4 and 8% of the dose for cholestyramine-
;, Jreated and control_rats, respectvely. The
- mean carbon-14 concentration of plasma and
) red blood cells with cholestyramine treatment
is significantly less than the mean concentra-
tion in controls.

.The carbon-14 present in rat liver after
administration of ["“CJPFOS or [“CJPFO is

e

probably in the form of anions. (The pX;, of )

these compounds is <1.0.) Thorough inves-

TABLE |
EFFECT OF CHOLESTYRAMINE TREATMENT ON CONCENTRATION OF CARBON- 14 IN RAT LIVER, PLASMA, AND RED
BLOOD CELLS AFTER A SINGLE INTRAVENOUS DOSE OF POTASSIUM [“CIPERFLUOROOCTANESULFONATE ¢ (“C)PFOS)

OR AMMONIUM ['‘C]-PERFLUOROOCTANCATE? ([“CJPFO)

Carbon-14 concentration®

Treatment group Liver Plasma Red blood cells
["“CIPFOS
Cholestyramine-treated (21 days) 9.4 = 1.6 09=0.1 03 =x0.14
Coatrols 35.6 £ 5.6 6.9 =06 1.8 =04
[“C]PFO : A
Cholestyramine-treated (14 days) 121 = 2.1¢ S =177 1.8 =0.7¢
Coatrols 23+6.2 14.7 £ 6.8 42224

“Each rat received 1.13 mg ["*CJPFOS: mean dose: choiestyramine-treated rats, 3.4 mg/kg control rats. 3.5

mg/kg.

*Each rat received 4.2 mg [“CJPFO: mean dose: cholestyramine-treated rats, 13.3 mg/kg: control rats .S

mg/kg

¢ Concentration is expressed as ug eq of radiolabeled compound/g of tissue or m! of Auid.

“ Significanuy different from control values (p < 0.05).
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976
remaining in the liver. This difference is most
likely due to small additive losses in collection
of the many urine and feces samples as well
as the small but cumulative error in not
correcting for combustion recovery in the
many samples (>95%). Since the experimen-
tal conditions for cholestyramine-treated and
control rats were identical with respect 1o the
dosing, sample collection, and analyses, the
less than 100% recovery of carbon-14 (urine,
feces, and liver) was judged to not affect the
results or conclusion.

Overall, the data support possible utility
of cholestyramine in promoting the excretion
- of perfluorooctancate and perfluorooctane-
sulfonate in humans.
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3M Environmental Laboratory

Final Report- Analytical Study

Single-dose Dermal Absorption/Toxicity Study of T-6049 in Rabbits
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1.0 SUMMARY

Samples of rabbit liver at 28 days post dermal administration of 0, 0.003, 0.06, and
0.30 mg/kg FC-95 (T-6049) were analyzed by combustion for total organic fluorine.
There was no detectable level of total organic in any of the treated groups above that
observed in control rabbit liver. Since in a pharmacokinetic study (HWI#6329-159),
it was established that perfluorooctanesulfonate is persistent in rabbit liver with a
biological half-life in excess of one month and that perfluorooctanesulfonate will
serve as a good marker for absorption of FC-95, it is concluded that detectable
dermal absorption does not occur at these dose levels. These dose levels are very low
and possibly too low to make an assessment of dermal absorption.

2.0 INTRODUCTION

FC-95 is the potassium salt of perfluorooctanesulfonic acid. In a previous
pharmacokinetic study (HWI#6329-159), it was shown that the biological half-life
is >1 month. It is persistent in serum and liver after an intravenous dose. From
previous studies in rats, the molecule is not known to biotransform or conjugate.
Thus, analysis by combustion with subsequent measurement of fluoride will estimate
the amount of perfluorooctanesulfonate present. At later times, the concentration in
liver is higher than the amount in serum on the average. For use as a marker to
assess dermal absorption, the level of total organic fluorine in liver is therefore a

more sensitive test at 28 days post dose.

3.0 TEST MATERIALS

3.1 Test, Control, and Reference Substances and Matrices
3.1.1 Analytical Reference Substance: FC-95, lot 161 or 171. They are

equivalent.

3.1.2 Analytical Reference Matrix: Bovine liver and bovine serum
3.1.3 Analytical Control Substance: None

3.1.4 Analytical Control Matrix: Bovine liver and bovine serum

3.2 Source of Materials: 3M ICP/PCP Division for FC-95, bovine liver from
grocery store, bovine serum from Sigma Chemical Company.

3.3. Purity and Strength of Reference Substance: Responsibility of Sponsor

3.4 Stability of Reference Substance: To be determined by Sponsor
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3.5 Storage Conditions for Test Materials: Room temperature for FC-95. For
biological samples, the storage is -20+10° C.

3.6 Disposition of Specimens: Biological tissues and fluids will be retained per
GLP Regulation for the time period required for studies longer than 28 days.

4.0 EXPERIMENTAL - Overview

Samples of tissue and serum were available from HWI#6329-130 for analysis for
total organic fluorine. The samples were combusted and analyzed for total organic
fluorine. The data were assessed for extent of dermal absorption of FC-95.

5.0 EXPERIMENTAL - Methods

5.1 AMDT-M-1-0, Thermal Extraction of Fluoride by Means of a Modified
Dohrmann DX2000 Organic Halide Analyzer-Liver

5.2 AMDT-M-2-0, Fluoride Measurement by Means of an Orion EA940
Expandable Ion Analyzer

5.3 AMDT-M-4-0, Extraction of Fluorochemicals from Rabbit Liver

5.4 AMDT-M-5-0, Analysis of Rabbit Liver Extract for Fluorochemicals Using
Electrospray Mass Spectrometry

6.0 DATA ANALYSIS

The data from combustion analysis at 28 days post dermal administration of FC-95
(T-6049) are attached. The dosing material T-6049 is a 0.06% solution of FC-95.
Doses in this analysis are expressed as the FC-95 equivalents. The liver was
combusted and subsequently analyzed for total organic fluoride. There is no
evidence of dermal absorption at any dose level for the groups of rabbits in the
control, 0.003 mg/kg, 0.06 mg/kg, and 0.30 mg/kg groups. In all cases the amount
of organic fluorine was below the practical quantitation levels and apparently below

the detection limits.

Electrospray mass spectrometry did detect perfluorooctanesulfonate anion, but again
the results are nebulous and below the practical quantitation limits.
There does not appear to be dermal absorption of FC-95 at these dose levels.
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6.1 Circumstances That May Have Affected the Quality of the Data: No
problems with this analysis are recognized that could affect the conclusion.
However, the doses administrated are so low that even if all the dose had been
absorbed it would be difficult to quantitate. In the higher dose group, 2 kg rabbits
would receive only 600 ug total. For dermal dosing with analysis at 28 days and a
half life on the order of a month, there would be less than 300 ug present in liver
even if all the absorbed perfluorooctanesulfonate had gone to the liver.

7.0 CONCLUSION

FC-95 is not dermally absorbed at 0.30 mg/kg dose. This is a very low dose and
possibly too low to make an assessment of dermal absorption.

8.0 MAINTENANCE OF RAW DATA AND RECORDS

8.1 Raw Data and Data: Raw data, approved protocol, approved final report,
appropriate specimens, and electronic data will be maintained in the AMDT

archives.

9.0 APPENDICES

9.1 Protocol and Amendments

9.1.1 Protocol and Final Report: HWI#6329-130 “Single Dose Dermal
Absorption/Toxicity Study of T-6049 in Rabbits (Protocol type TP-3016.AB
for dosing of animals, tissue collection, etc.)
9.1.2 Analytical protocol AMDT-020895.1 including methods.

9.2 Signed Reports from Individual Scientists: None

9.3 Quality Assurance Unit Statement: See attached

9.4 Key Personnel Involved in the Study: See attached

9.5 Materials and Equipment: See methods

9.6 Solutions, Reagents, and Standards: See methods

9.7 Sample Preparation: See methods
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9.8 Quality Control Practices: See methods
9.9 Test Methods: See Protocol AMDT-020895.1
9.10 Instrument Settings: See methods

9.11 Data: See attached:

9.11.1 Summary and raw data; ug F" in whole liver as determined by thermal
extraction followed by analysis using Orion ion analyzer.

9.11.2 Summary and raw data; analysis of liver extracts using electrospray
mass spectrometry.
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9.1.1 Protocol and Final Report: HWI#6329-130
“Single Dose Dermal Absorption/Toxicity Study of
T-6049 in Rabbits (Protocol type TP3016.AB for
dosing of animals, tissue collection, etc.)
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QUALITY ASSURANCE STATEMENT

HWI 6329-130

This report has been reviewed by the Quality Assurance Unit of Hazleton
Wisconsin, Inc., in accordance with the Food and Drug Administration
(FDA) Good Laboratory Practice Regulations, 21 CFR 58.35 (b) (6) (7).
The following inspections were conducted and findings reported to the

Study Director and management.

Written status reports of inspections

and findings are issued to Hazleton management monthly according to
standard operating procedures.

Date

Inspection Dates Reported to Date to

From To Phase Study Director Management
12/21/94 12/21/94 Protocol Review 12/22/94 01/10/95
01/10/95 01/10/95 Animal Observation 01/10/95 02/10/95
01/24/95 01/24/95 Protocol Amendment 01/24/95 02/10/95
04/03/95 04/13/95 Data/Report Review 04/14/95 05/10/95
04/03/95 04/13/95 Data Review 04/14/95 05/10/95
06/27/95 06/27/95 Report Rereview 06/27/95 07/10/95

%24 Z;:dzf/ 62795
Represenfative, Quality Assurance Unit Date
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STUDY IDENTIFICATION

Single-Dose Dermal Absorption/Toxicity
Study of T-6049 in Rabbits

Test Material

Sponsor

Sponsor’s Representative

Study Director

Study Location

Study Timetable
Study Initiation Date
Experimental (In-1ife) Start Date
In-1ife End Date
Experimental Termination Date
Study Completion Date

T-6049

3M
Toxicology Service
Medical Department
3M Center, Bldg. 220-2E-02
P.0. Box 33220
St. Paul, MN 55133-3220

John L. Butenhoff, PhD
3M
Toxicology Service
Medical Department
3M Center, Bldg. 220-2E-02

" P.0. Box 33220

St. Paul, MN 55133-3220
(612) 733-1962

Steven M. Glaza
Hazleton Wisconsin, Inc.
P.0. Box 7545

Madison, WI 53707-7545
(608) 241-7292

Hazleton Wisconsin, Inc.
Building No. 3

3802 Packers Avenue
Madison, WI 53704

December 30, 1994
January 7, 1995
February 10, 1995
June 27, 1995
June 27, 1995
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KEY PERSONNEL

Acute Toxicology Laboratory Animal Medicine
Steven M. Glaza Cindy J. Cary, DVM
Study Director Diplomate, ACLAM
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Francis (Bud) W. McDonald
Study Coordinator Anatomical Pathology
Patricia Padgham Thomas E. Palmer, PhD
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Supervisors
Necropsy

Quality Assurance
Anne Mosher
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SUMMARY

This study was done to assess the systemic absorption/toxicity and relative
skin irritancy of T-6049 when applied to the skin of rabbits.

The study was conducted using three male and three female acclimated rabbits
of the Hra:(NZW)SPF strain for each treatment group.

Dose Level Number of Animals

Group Test Material (mg/kg) Males Females
1 (Control) Distilled water 0? 3 3
2 T-6049 5 3 3*
3 T-6049 100 3 3*
4 T-6049 500 3 3

a Administered at a dose volume of 2.0 mL/kg.
* One animal sacrificed on Day 2 due to possible broken back and
replaced with another female animal.

The back of each rabbit was clipped free of hair and a single dose of the
respective material at the indicated dose level was administered to the skin
of the rabbits. The treatment sites remained intact. The area of application
was covered with a gauze bandage secured with paper tape around all edges and
overwrapped with Saran Wrap® and Elastoplast® tape to provide an occlusive
dressing for a 24-hour exposure period.

Clinical observations were conducted predose and at approximately 1, 2.5, and
4 hours after test or control material administration. Additional clinical
observations and twice a day mortality checks were conducted daily thereafter
for 28 days. The only exceptions to this were on Days 4 and 6 when the
afternoon mortality check was inadvertently not conducted for the two
replacement animals. Body weights were determined on Day -4 for randomization
purposes, before test or control material administration (Day 1), and at
in-1ife termination (Day 29). The initial dermal irritation reading was made
before test or control material administration (recorded as the Day 1
reading). Subsequent readings of dermal irritation were made approximately
30 minutes after bandage removal (Day 2) and on Days 4 and 8. Blood samples
were collected from a marginal ear vein of the animals before in-life
initiation (Day 1), approximately 24-hours postdose (Day 2), on Days 4, 9, 16,
and 23. Replacement animals were bled on Days 1, 2, 4, 8, 15, and 22. In
addition, at the time of necropsy on Day 29, approximately 20 mL of blood was
obtained from each animal. All samples were centrifuged and separated into
serum and cellular fractions. A1l animals were euthanized at termination of
the in-1ife phase and necropsied. The whole liver, bile, an approximate 1-cm
x 1-cm section of the dermal application site from all animals, and both
kidneys from one male and one female in each group were collected at necropsy
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and weighed (volume only determined for bile). The blood samples (serum and
cellular fractions), livers, bile, dermal application sites, and kidneys were
sent frozen to the Sponsor after termination of the in-life phase.

Application of T-6049 did not result in any test material-related changes in
body weight gain. A1l animals appeared clinically normal throughout the study
with the exception of one Group 2 and one Group 3 female animals that were
sacrificed on Day 2 due to injury (possible broken backs). These animals were
replaced in the study and the replacement animals appeared normal throughout
the study. No dermal irritation was observed at the dermal scoring intervals
as a result of the application of distilled water or T-6049 at any of the dose
levels. There were no test material-related lesions observed at necropsy.
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OBJECTIVE

The objective of this study was to assess the systemic toxicity/absorption and
relative skin irritancy of a test material when applied to the skin of
rabbits.

REGULATORY COMPLIANCE

This study was conducted in accordance with the U.S. Food and Drug
Administration’s Good Laboratory Practice Regulations for Nonclinical
Laboratory Studies, 21 CFR 58, with the exception that analysis of the test
material mixture prepared for the Group 2 animals for concentration,
homogeneity/solubility, and stability was not conducted. All procedures used
in this study are in compliance with the Animal Welfare Act Regulations. In
the opinion of the Sponsor and study director, the study did not unnecessarily
duplicate any previous work.

TEST AND CONTROL MATERIALS

Identification

The test material was identified as T-6049 and described as a clear, colorless
Tiquid. The control material was distilled water and was described as a

clear, colorless liquid.

Purity and Stability

The Sponsor assumes responsibility for test material purity and stability
determinations (including under test conditions). Analysis of the test
material mixture prepared for the Group 2 animals for concentration,
homogeneity/solubility, and stability was not conducted or requested by the
Sponsor. The purity and stability of the control material were considered to
be adequate for the purposes of this study.

Storage _and Retention

The test and control materials were stored at room temperature. A reserve
sample of each test and control material was taken and will be retained in a
freezer set to maintain a temperature of -20°C *10° for 10 years in accordance
with Hazleton Wisconsin (HWI) Standard Operating Procedure (SOP). Any unused
test material was returned to the Sponsor after completion of the in-life
phase according to HWI SOP. Any remaining control material is retained for
other testing and will not be discarded after issuance of the final report.
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Safety Precautions

The test and control material handling procedures were according to HWI SOPs
and policies.

TEST SYSTEM

Test Animal

Adult albino rabbits of the Hra:(NZW)SPF strain were procured from HRP, Inc.,
Denver, Pennsylvania on December 28, 1994 and maintained at the Hazleton
Wisconsin facility at 3802 Packers Avenue, Madison, Wisconsin.

Housing

After receipt, the animals were acclimated for a period of at least 7 days.
During acclimation and throughout the study, the animals were individually
housed in screen-bottom stainless steel cages in temperature- and humidity-
controlled quarters. Environmental controls for the animal room were set to
maintain a temperature of 19° to 23°C, a relative humidity of 50% +20%, and a
12-hour light/12-hour dark lighting cycle. In cases where variations from
these conditions existed, they were documented and considered to have had no
adverse effect on the study outcome.

Animal Diet

The animals were provided access to water ad I7bitum and a measured amount of
Laboratory Rabbit Diet HF #5326, PMI Feeds, Inc. The feed is routinely
analyzed by the manufacturer for nutritional components and environmental
contaminants. Samples of the water are periodically analyzed by HWI. There
were no known contaminants in the feed or water at levels that would have
interfered with or affected the results of the study.

Selection of Test Animals

The animals were identified by animal number and corresponding ear tag and
were placed into study groups using a stratified body weight randomization
program. The randomization body weights were determined on Day -4. The
weight variation of the animals for each group of each sex selected for the
study did not exceed *2 standard deviations of the mean weight, and the mean
body weights for each group of each sex were not statistically different at
the 5% probability level. Two female animals (Nos. F53398 and F53355) were
replaced after they were treated due to possible broken backs. These animals
were replaced with two other female animals (Nos. F52999 and F53351) which
were treated in the same manner.
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Study Design

Animals weighing from 2,018 to 2,625 g at initiation of treatment were placed
into the following study groups:

Dose Level Number of Animals

Group Test Material _{(mg/kg) Males Females
1 (Control) Distilled water 0? 3 3
2 T-6049 5 3 3*
3 T-6049 100 3 3*
4 T-6049 500 3 3

a Administered at a dose volume of 2.0 mL/kg.

* QOne animal sacrificed on Day 2 due to possible broken back and
replaced with another female animal. This animal weighed 2,625 g
at initiation.

Justification_for Species Selection

Historically, the New Zealand White albino rabbit has been the animal of
choice because of the large amount of background information on this species.

PROCEDURES

Preparation of Exposure Area

On the day before test material application, the back and, if necessary (to
obtain unblemished skin), the flanks of each rabbit was clipped free of hair.
The clipped area made up approximately 20% of the total body surface area.

The intact skin of the test sites was inspected for interfering lesions,
irritation, or defects that would preclude the use of any of the animals. The
animals were clipped as needed throughout the study to aid in visualizing the
application sites.

Dose Administration

A1l animals received a single administration of the respective test or control
material. The day of treatment was designated as Day 1.

Group 1. An individual dose (2.0 mL/kg) was calculated and measured based
on each animal’s body weight on the day of treatment. The control material
(distilled water) was ap911ed evenly to the test site at a rate of
approximately 0.05 mL/cm".
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Groups 2, 3, and 4. For the Group-2 animals (5 mg/kg), the test material
(T-6049) was mixed with distilled water to a concentration of 500 mg/mL and
applied at a dose volume of 0.01 mL/kg. The mixture was stored at room
temperature until administered. The test material was administered
undiluted to the test sites of the Groups 3 and 4 animals (100 or

500 mg/kg, respectively) using the average bulk density of 0.99 g/mL to
determine the dose volume for each dose level (0.10 and 0.51 mL/kg,
respectively). The area of exposure for the 5, 100, and 500 mg/kg dose
levels was 4, 25 (16 for replacement animal), and 100 cm?, respectively.
The approximate rate of application ranged from 0.006 to 0.014 mL/cm?.” An
individual dose of the respective test material or test material mixture
was calculated for each animal based on its body weight on the day of

treatment.

Each area of application was covered with a 10-cm x 10-cm gauze bandage
secured with paper tape around all edges and overwrapped with Saran Wrap® and
Elastoplast® tape to provide an occlusive dressing. Collars were used to
restrain the animals during the 24-hour exposure period.

Approximately 24 hours after test or control material application, the

restraining collars and bandages were removed and any residual test material
was removed with tap water and disposable paper towels.

Reason for Route of Administration

The dermal route is a potential route of exposure in humans.

Observations of Animals

Clinical observations were conducted predose and at approximately 1, 2.5, and
4 hours after test or control material administration. Additional clinical
observations and twice a day mortality checks (morning and afternoon) were
conducted daily thereafter for 28 days. The only exceptions to this were on
Days 4 and 6 when the afternoon mortality check was inadvertently not
conducted for the two replacement animals.

Body weights were determined for randomization purposes on Day -4, before test
material administration (Day 1), and at in-life termination (Day 29).

The initial dermal irritation reading was made before test or control material
administration according to the Draize! technique (recorded as the Day 1
reading). Subsequent readings of dermal irritation were made approximately 30
minutes after bandage removal (Day 2) and on Days 4 and 8.
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Sample Collections

Blood samples (approximately 4 mL) were collected from a marginal ear vein of
all animals before experimental initiation (Day 1). Subsequent collection of
blood was conducted approximately 24-hours postdose (Day 2), and on Days 4, 9,
16, and 23. Replacement animals were bled on Days 1, 2, 4, 8, 15, and 22. In
addition, at the time of necropsy on Day 29, approximately 20 mL of blood was
obtained from the posterior vena cava of each animal. A1l samples were
centrifuged and separated into serum and cellular fractions. These samples
were then stored in a freezer set to maintain a temperature of -20°C +10°C
until shipped to the Sponsor.

Pathology

At termination of the experimental phase (Day 29), animals were anesthetized
with sodium pentobarbital, bled via the posterior vena cava, exsanguinated,
and necropsied in random order. The sites of test and control material
application were washed with Tukewarm tap water before the necropsy procedure.
A1l animals were subjected to an abbreviated gross necropsy examination and
any abnormalities were recorded. The whole liver, bile, an approximate 1-cm X
1-cm section of the dermal application site from all animals, and both kidneys
from the first male and female in each group were collected. The tissue
samples for all animals, with the exception of the animal sacrificed and
necropsied on Day 2, were weighed (volume only determined for bile) and
immediately placed on dry ice, then placed in a freezer set to maintain a
temperature of -20°C +10°C. After necropsy, the animals were discarded.

Shipment of Blood, Bile, and Tissues

After experimental termination, the blood samples (serum and cellular
fractions), livers, bile, dermal application sites, and kidneys were sent
frozen (on dry ice) to the Sponsor (James D. Johnson, 3M E.E. & P.C., Bldg.
2-3E-09, 935 Bush Avenue, St. Paul, MN, 55106), along with the collected
corresponding weights or volumes. The Sponsor is responsible for the
retention and disposition of the samples. HWI does not accept any
responsibility for the analysis of the tissue samples collected in this study
nor are these results presented in this report.

Statistical Analyses

No statistical analyses were required by the protocol.

Location of Raw Data, Records, and Final Report

The raw data, records, and an original signed copy of the final report will be
retained in the archives of HWI in accordance with HWI SOP.
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RESULTS

Body Weights

Individual and mean body weights are in Table 1. A1l animals exhibited body
weight gains from Day 1 to Day 29.

Clinical Observations

Individual clinical signs are in Table 2. A1l animals appeared normal
throughout the study with the following exceptions:

e One Group 2 female (No. F53398) treated with T-6049 at 5 mg/kg appeared to
have injured its back at the time of the 24-hour blood collection. This
animal was sacrificed, necropsied, and replaced with No. F52999. The
replacement animal appeared normal throughout the study.

o One Group 3 female (No. F53355) treated with T-6049 at 100 mg/kg was found
prior to completion of the exposure period with its leg caught in the cage
floor, appeared to have injured its back, and was sacrificed. Since this
animal did not receive its full test material exposure, the animal was
discarded without a gross necropsy examination. The animal was replaced
with No. F53351. The replacement animal appeared normal throughout the

study.

Dermal Irritation

Individual dermal irritation scores are in Table 3. The control material
produced no dermal irritation. No dermal irritation was observed in the
animals treated with T-6049 at any of the dose levels.

Pathology

Individual animal pathology comments are presented in Table 4. Individual
animal tissue weights and bile volumes are in Table 5. The treated skin in
two animals dosed at 0 mg/kg, two animals dosed at 5 mg/kg, and one animal
dosed at 500 mg/kg was diffusely red or had multiple red areas of variable
size. These findings are not considered to be test material-related. There
were no lesions observed in any of the remaining animals.

Page 15 contains a pathology report by the study pathologist.
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DISCUSSION

The acute systemic absorption/toxicity and relative skin irritancy of T-6049
were evaluated in male and female albino rabbits when administered as a single
dermal application. There were no test material-related changes in body
weight gain or in-life clinical findings at any of the dose levels. No test
material-related dermal irritation was observed during the study. There were
no test material-related lesions observed at necropsy.

SIGNATURE
\ML\ N\ M L 19s
Steven M. Glaza Date
Study Director
Acute Toxicology
REFERENCE

1. Draize, J. H., "Acute Dermal Toxicity (Single Exposure)," In: Appraisal
of the Safety of Chemicals in Foods, Drugs and Cosmetics - Dermal
Toxicity, Association of Food and Drug Officials of the U.S., pp. 54-56
(1959).
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PATHOLOGY REPORT

There were six rabbits (three males and three females) each from four dose
levels of 0, 5, 100, and 500 mg/kg of body weight euthanized and necropsied at
the termination of the study. One female (Animal No. F53398) dosed at 5 mg/kg
of body weight was sacrificed on Day 2 because of an apparent broken back.
This animal was replaced with another female (Animal No. F52999). The test
material, dose level, day of death, and gross observations recorded for each
animal are in the Individual Pathology Comments that follow this report.

At necropsy, the treated skin in some animals was diffusely red or had
multiple red areas of variable size. This included two animals dosed at

0 mg/kg, two animals dosed at 5 mg/kg, and one animal dosed at 500 mg/kg.
There were no visible lesions in any of the remaining animals. The Tiver,
bile, an approximate 1-cm x 1-cm section of the dermal application site from
each of these animals, and both kidneys from one male and one female in each
group were collected. The tissue samples were weighed (volume only determined
for bile), frozen, and sent to the Sponsor. The tissues from the female dosed
at 5 mg/kg and sacrificed on Day 2 were collected but were not weighed. After
necropsy, the animals were discarded.

The animal sacrificed on Day 2 had multiple dark red areas of variable size
within the skeletal muscle of the lumbar-sacral region of the spinal column.
These findings correlated with the clinical observation of an apparent broken

back.

-R7-75
Tho . Palmer, Date
Pathologist

(6329-130.s1h)
03/22/95
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Table 1
Individual and Mean Body Weights (g)
Male Female
Random- Random-
Animal jzation Day Animal jzation Day
Number Day -4 1 29 Number Day -4 1 29

Group 1 (Control) - Distilled Water (0 ma/kq)

F53358 2,066 2,231 2,816 F53404 2,200 2,286 2,997
F53359 2,030 2,093 2,670 F53405 2,426 2,474 2,911
F53353 2,136 2,312 3,012 F53356 2,110 2,224 2,685

Mean 2,077 2,212 2,833 2,245 2,328 2,864

Group 2 - T-6049 (5 ma/kq)

F53402 2,288 2,382 2,938 F53399 2,095 2,122 2,580

F53364 2,244 2,364 2,923 F53349 2,376 2,492 2,919

F53352 2,102 2,018 2,622 F53398° 2,331 2,419 -
F52999 2,485 2,625 3,272

Mean 2,211 2,255 2,828 2,319 2,413 2,924
Group 3 - T-6049 (100 mg/kq)
F53360 2,157 2,194 2,943 F53350b 2,320 2,409 2,996
F53400 2,076 2,122 2,696 F53355 2,280 2,297

F53346 2,115 2,211 2,694 F53397 2,145 2,245 2,706
F53351 2,059 2,253 2,606

Mean 2,116 2,176 2,778 2,175 2,302 2,769
Group 4 - T-6049 (500 mag/kg)
F53365 2,126 2,276 2,951 F53403 2,170 2,270 2,860

F53354 2,325 2,478 3,008 F53000 2,241 2,268 2,914
F53347 2,103 2,152 2,646 F53345 2,306 2,341 2,951

Mean 2,185 2,302 2,868 2,239 2,293 2,908

a Animal No. F53398 was originally selected by the randomization program for use
in the study and was treated. This animal was sacrificed after completion of
the exposure period due to a possible broken back and was replaced with No.
F52999. The body weights for No. F53398 are not included in the group means.

b Animal No. F53355 was originally selected by the randomization program for use
in the study and was treated. This animal was sacrificed before completion of
the exposure period due to a possible broken back and was replaced with No.
F53351. The body weights for No. F53355 are not included in the group means.

- Not applicable.
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Sex

Male

Female

Male

Female

Page 17 of 42

Table 2
Individual Clinical Signs
Animal 1-4 Hours
Number Observation (Bay 1)

HWI 6329-130

Day

2

3 through 29
Group 1 (Control) - Distilled Water (0 ma/kg)

F53358 Appeared normal v/
F53359 Appeared normal
F53353 Appeared normal
F53404 Appeared normal

F53405 Appeared normal

N N SN NSNS

F53356 Appeared normal

Group 2 - T-6049 (5 mg/ka)
F53402 Appeared normal

F53364 Appeared normal v/
F53352 Appeared normal v/
F53399 Appeared normal /
F53349 Appeared normal /
F53398 Appeared normal v/
Possible broken back
(at time of 24-hour
bleeding interval) -
Moribund sacrifice -
F52999° Appeared normal v

v Condition existed.
Condition not evident.
Animal No. F52999 replaced Animal No. F53398.

a

"4

N N SN SN N

NN N NSNS

N NN N SN

N N N NN
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Sex

Male

Female

Male

Female

Animal
Number

F53360
F53400
F53346
F53350
F53355

F53397
F53351°

F53365
F53354
F53347
F53403
F53000
F53345

/ Condition existed.
Condition not evident.
Animal No. F53351 replaced Animal No. F53355.

a
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Table 2 (Continued)
Individual Clinical Signs

HWI 6329-130

Day

1-4 Hours
Observation (Day 1) 2

Group 3 - T-6049 (100 mg/kg)
Appeared normal / v/
Appeared normal v/ v/
Appeared normal / v/
Appeared normal v/ /
Appeared normal v/ -
Leg caught in cage

floor (possible

broken back) - v
Moribund sacrifice - v/
Appeared normal v/ /
Appeared normal v/ v/

Group 4 - T-6049 (500 mg/kq)
Appeared normal / v/
Appeared normal v/ /
Appeared normal v/ /
Appeared normal / v/
Appeared normal v v
Appeared normal / v/

3 through 29

N N NN

NN N N NN
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Table 3

Individual Dermal Irritation Scores

Group 1 (Control) - Distilled Water (0 mg/kg)

Dermal Reaction

Erythema
Edema

Atonia
Desquamation
Coriaceousness
Fissuring

Erythema
Edema

Atonia
Desquamation
Coriaceousness
Fissuring

Erythema

Edema

Atonia
Desquamation
Coriaceousness
Fissuring

Males

Study Day

HWI 6329-130

Females

1 2

4 8

Study Day

Animal No. F53358

1 2

4 8

Animal No. F53404

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 o 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Animal No. F53359 Animal No. F53405
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Animal No. F53353 Animal No. F53356
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
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Dermal Reaction

Erythema

Edema

Atonia
Desquamation
Coriaceousness
Fissuring

Erythema

Edema

Atonia
Desquamation
Coriaceousness
Fissuring

Erythema

Edema

Atonia
Desquamation
Coriaceousness
Fissuring

Erythema

Edema

Atonia
Desquamation
Coriaceousness
Fissuring
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Table 3 (Continued)

Individual Dermal Irritation Scores

Group 2 - T-6049 (5 mg/kg)

HWI 6329-130

Males Females
Study Day Study Day
1 2 4 8 1 2 4 8

Animal No. F53402

Animal No. F53399

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Animal No. F53364 Animal No. F53349
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Animal No. F53352 Animal No. F53398%
0 0 0 0 0 0 - -
0 0 0 0 0 0 - -
0 0 0 0 0 0 - -
0 0 0 0 0 0 - -
0 0 0 0 0 0 - -
0 0 0 0 0 0 - -
Animal No. F52999°
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

a Animal replaced with No. F52999.

b

Replacement animal for No. F53398.
Not applicable.
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a
b

Dermal Reaction

Erythema

Edema

Atonia
Desquamation
Coriaceousness
Fissuring

Erythema

Edema

Atonia
Desquamation
Coriaceousness
Fissuring

Erythema

Edema

Atonia
Desquamation
Coriaceousness
Fissuring

Erythema

Edema

Atonia
Desquamation
Coriaceousness
Fissuring
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HWI 6329-130
Table 3 (Continued)
Individual Dermal Irritation Scores
Group 3 - T-6049 (100 mg/kg)
Males Females
Study Day Study Day
1 2 4 8 1 2 4 8
Animal No. F53360 Animal No. F53350
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Animal No. F53400 Animal No. F53355°
0 0 0 0 0 - - -
0 0 0 0 0 - - -
0 0 0 0 0 - - -
0 0 0 0 0 - - -
0 0 0 0 0 - - -
0 0 0 0 0 - - -
Animal No. F53346 Animal No. F53397
0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0] 0 0] 0 0 0
0 0 0 0 0 0 0 0
Animal No. F53351°
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

Animal replaced with No. F53351.
Replacement animal for No. F53355.

Not applicable.
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Dermal Reaction

Erythema
Edema

Atonia
Desquamation
Coriaceousness
Fissuring

Erythema
Edema

Atonia
Desquamation
Corijaceousness
Fissuring

Erythema

Edema

Atonia
Desquamation
Coriaceousness
Fissuring
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Table 3 (Continued)

Individual Dermal Irritation Scores

Group 4 - T-6049 (500 mg/kg)

Males

Study Day

HWI 6329-130

Females

1 2

4 8

Study Day

Animal No. F53365

1 2

4 8

Animal No. F53403

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Animal No. F53354 Animal No. F53000

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Animal No. F53347 Animal No. F53345

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
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Table 4
Individual Pathology Comments
Animal Test Day
Number Sex Died . Sacrificed Necropsy Observation

Group 1 (Control) - Distilled Water (0 mg/kq)

F53358 M - 29 No visible lesions.
F53359 M - 29 No visible lesions. .
F53353 M - 29 The skin has multiple red areas within the

dermal application site, up to 3 cm x 2 cm.
Collected with routine section.

F53404 F - 29 No visible lesions.
F53405 F - 29 No visible lesions.
F53356 F - 29 The treated skin area appears diffusely

dark red. Collected with routine section.

Group 2 - T-6049 (5 ma/kq)

F53402 M - 29 No visible lesions.

F53364 M - 29 No visible lesions.

F53352 M - 29 No visible lesions.

F53399 F - 29 The skin has diffusely dark red areas along
the entire dorsal Tumbar and thoracic
region. Collected with routine section.

F53349 F - 29 The skin has multiple red areas on the
application site up to 1 cm in diameter.
Collected with routine section.

F53398* F - 2 There are multiple dark red areas within
the skeletal muscle of the lumbar sacral
region surrounding the spinal column, up to
1.5 x 2.0 cm.

F52999° F - 29 No visible lesions.

- Not applicable.
a Animal replaced with No. F52999.
b Replacement animal for No. F53398.
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Table 4 (Continued)
Individual Pathology Comments

Test Day

Number Sex Died

F53360
F53400
F53346
F53350
F53397
F53351

F53365
F53354
F53347
F53403

n sl = = =
\

F53000

F53345 F -

- Not applicable.

Sacrificed

Group 3 -

Necropsy Observation

T-6049 (100 ma/kq)

29
29
29
29
29
29

. Group 4 -

No visible lesions.
No visible lesions.
No visible lesions.
No visible lesions.
No visible lesions.

No visible lesions.

T-6049 (500 mg/kq)

29
29
29
29
29

29

No visible lesions.
No visible lesions.
No visible lesions.

No visible lesions.

HWI 6329-130

The skin has multiple red areas on the
application site, up to 1 cm x 3 cm.

Collected with routine section.

No visible lesions.
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Sex

Male

Female

Male

Female

- Not applicable.

Animal
Number

Page 25 of 42

Table 5
Individual Animal Tissue Weights and Bile Volumes

Weight (q)

Liver

Kidneys
Group 1 (Control) - Distilled Water (O mg[kg}

Dermal Appli-
cation Site

F53358
F53359
F53353
F53404.
F53405
F53356

F53402
F53364
F53352
F53399
F53349

F53398°

F52999°

81.381
73.857
77.411
70.277
78.270
74.687

15.761
12.585

0.783
0.761
0.644
0.620
0.775
0.915

Group 2 - T-6049 (5 mg/kaq)

78.731
84.099
67.613
65.818
77.596

87.510

14.611

0.468
0.641
0.706
0.546
0.489

0.660

HWI 6329-130

Bile

Volume (ml)

o o
o O 0O

-
w o 00 00 w

0.5

a Moribund sacrifice on Day 2 (01/08/95) due to possible broken back.
Tissues were collected, however, the corresponding weight or volume
was not taken since this requirement became effective on 01/24/95.
Animal replaced with No. F52999.

b Replacement animal for No. F53398.
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Sex

Male

Female

Male

Female

- Not applicable.

Animal

Number

F53360
F53400
F53346
F53350
F53397
F53351

F53365
F53354
F53347
F53403
F53000
F53345
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Table 5 (Continued)
Individual Animal Tissue Weights and Bile Volumes

Weight (q)

_Liver

Kidneys

Dermal Appli-
_cation Site

HWI 6329-130

Bile

Group 3 - T-6049 (100 mg/kg)

76.347 15.873 0.802
74.958 - 0.395
75.414 - 0.570
74.050 15.120 0.784
74.882 - 0.801
80.686 - 0.279
Group 4 - T-6049 (500 ma/kq)

82.598 - 0.441
70.968 15.234 0.540
83.696 - 0.716
70.624 15.427 0.910
79.617 - 0.714
81.341 - 0.633

Volume (mL)

fo
w & W o W

o
0w 00 +» O
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APPENDIX A

Protocol Deviations
Protocol TP3016.AB
Protocol Amendment No. 1

HWI 6329-130
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HWI 6329-130

Protocol Deviations

Protocol Actual Procedure
Page 7, 7. Experimental Design, On Day 4 and 6, the afternoon
C. Observation of Animals, (1) mortality check was A
Clinical Observations, First inadvertently not conducted
Sentence. For clinical signs for the two replacement
before test or control material animals (Group 2, No. F52999,
administration and for clinical and Group 3, No. F53351).

signs and mortality at
approximately 1, 2.5, and 4
hours after test material
administration (Day 1) and
Daily thereafter for clinical
signs, and twice daily (a.m.
and p.m.) for mortality for at
least 28 days.

Page 7, 7. Experimental Design, The body weight of the Group 2
C. Observation of Animals, (3) animal that was sacrificed on
Body Weights. For Day 2 was inadvertently not
randomization, before test or documented.

control material application
(Day 1), on Day 29, and at
unscheduled death (when
survival exceeds 1 day).

These deviations are not considered to have had an adverse effect on the
outcome of the study.
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Study Title:

Single-Dose Dermal Absorption/Toxicity Study of
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TP3016.AB
Page 2

STUDY IDENTIFICATION

Single-Dose Dermal Absorption/Toxicity Study of
T-6049 in Rabbits

HWI No. 6329-130
Test Material T-6049

Sponsor 3M Toxicology Service Medical
Department
3M Center, Bldg. 220-2E-02
P.0. Box 33220
St. Paul, MN 55133-3220

Sponsor’s Representative John L. Butenhoff, PhD
3M Toxicology Service Medical
Department
3M Center, Bldg. 220-2E-02
P.0. Box 33220
St. Paul, MN. 55133-3220
(612) 733-1962

Study Director Steven M. Glaza
Hazleton Wisconsin, Inc.
P.0. Box 7545
Madison, WI 53707-7545
(608) 241-7292

Study Location Hazleton Wisconsin, Inc.
Building No. 3
3802 Packers Avenue
Madison, WI 53704

Proposed Study Timetable

Experimental Start Date January 7, 1995
Experimental Termination Date February 4, 1995
Draft Report Date March 18, 1995
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TP3016.A8B
Page 3

Study
Single-Dose Dermal Absorption/Toxicity Study in Rabbits

Purpose
To assess the systemic absorption and toxicity and relative skin

irritancy of a test material when applied to the skin of rabbits

Regulatory Compliance

This study will be conducted in accordance with the following Good
Laboratory Practice Regulations/Standards/Guidelines:

[ ] Conduct as a Nonregulated Study

X] 21 CFR 58 (FDA)

40 CFR 160 (EPA-FIFRA)

40 CFR 792 (EPA-TSCA)

C(81)30 (Final) (OECD)

59 Nohsan No. 3850 (Japanese MAFF)
Notification No. 313 (Japanese MOHW)

Lomen lauma T T oue T Vo ]

A1l procedures in this protocol are in compliance with the Animal
Welfare Act Regulations. In the opinion of the Spensor and study
director, the study does not unnecessarily duplicate any previous
work.

Quality Assurance

The protocol, study conduct, and the final report will be audited by
the Quality Assurance Unit in accordance with Hazleton Wisconsin
(HWI) Standard Operating Procedures (SOPs) and policies.

Test Material

A. Identification
T-6049

B. Physical Description

(To be documented in the raw data)

C. Purity and Stability
The Sponsor assumes responsibility for purity and stability
determinations (including under test conditions).

D. Storage
Room temperature
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TP3016.AB
Page 4

Reserve Samples
Reserve sample(s) of each batch/lot of test and control

materials will be taken for this study.

The test and control material reserve samples will be stored at
HWI in a freezer set to maintain a temperature of -20°C +10°C
for 10 years per HWI SOP. The Sponsor will be contacted after
10 years for disposition in accordance with the appropriate
regulatory Good Laboratory Practices.

Retention
Any unused test material will be returned to the Sponsor after
completion of the in-life phase of the study.

Safety Precaution
As required by HWI SOPs and policies

Control Material

A.

Identificatio
Distilled water

Physical Description

Clear, colorless liquid

Purity and Stability

The purity and stability of this manufactured material is
considered to be adequate for the purposes of this study.

Storage Conditions
Room temperature

Reserve Samples
See Section 5. E. Reserve Samples

Retention
Any remaining control material may be used for other testing
and will not be discarded after issuance of the final report.

Safety Precautions
As required by HWI SOPs and policies

Experimental Design

A.

Animals

(1) Species
Rabbit

(2) Strain/Source
Hra: (NZW)SPF/HRP, Inc.
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(3)

(4)

(5)

(6)

(7)

(8)

Page 33 of 42

TP3016.AB
Page 5

Age at Initiation
Adult

Weight at Initiation
2.0 to 3.0 kg

Number and Sex
12 males and 12 females

dentification

Individual numbered ear tag

Husbandry

(a) Housing
Individually, in screen-bottom stainless stee] cages
(heavy gauge)

. (b) EFood

A measured amount of Laboratory Rabbit Diet HF #5326
(PMI Feeds, Inc.). The food is routinely analyzed by
the manufacturer for nutritional components and
environmental contaminants.

(c) Mater
Ad 1ibitum from an automatic system. Samples of the
water are analyzed by HWI for total dissolved solids,
hardness, and specified microbiological content and
for selected elements, heavy metals,
organophosphates, and chlorinated hydrocarbons.

(d) Contaminants
There are no known contaminants in the food or water
that would interfere with this study. ~

(e) Environment
Environmental controls for the animal room will be
set to maintain a temperature of 19°C to 23°C, a
relative humidity of 50% +20%, and a 12-hour
light/12-hour dark cycle.

(f) Acclimation
At least 7 days

Selection of Test Animals

Based on health and body weight according to HWI SOPs. An
adequate number of extra animals will be purchased so that
no animal in obviously poor health is placed on test. The
animals will be placed into study groups using a
stratified body weight randomization program within nine
days of study initiation.
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TP3016.AB
Page 6

(9) Justification for Species Selection

Historically, the New Zealand White albino rabbit has been
the animal of choice because of the large amount of
background information on this species.

Dose Administration
(1) Test Groups

Dose Level Number of Animals
Group Test Material _(ma/kg) Males Females

1 (Control) Distilled water 0* 3 3
2 T-6049 5*% 3 3
3 T-6049 100 3 3
4 T-6049 500 3 3

* To be administered at a dose volume of 2.0 mlL/kg
** To be administered at a dose volume of .01 mlL/kg

(2) Preparation of Exposure Area
On the day before test material application, the back and,

if necessary (to obtain unblemished skin), the flanks of
each rabbit will be clipped free of hair. The shaved area
will constitute approximately 20% of the total body
surface area. The treatment sites (intact skin) will be
inspected for interfering lesions, irritation, or defects
that would preclude the use of any of the animals. The
animals will be clipped as needed throughout the study.

(3) Dose Administration
A1l animals will receive a single administration of the
respective test or control material. The day of treatment
will be designated as Day 1. The dose for each animal in
Group 2 will be diluted with distilled water and applied
at a dose volume of .01 ml/kg. The respective dose for
each animal in Groups 3 and 4 will be applied undiluted.
A1l doses in Groups 1-4 will be based on the animal’s body
weight just before administration and will be spread onto
the area of exposure in a thin and uniform a layer. The
area of application (Groups 1-4) will be covered with a
10-cm x 10-cm gauze bandage secured with paper tape around
all edges and overwrapped with Saran Wrap® and Elastoplast®
tape to provide an occlusive dressing. The rabbits will
be collared during the 24-hour application period.

(4) Reason for Route of Administration
The dermal route is a potential route of exposure in
humans.
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(5)
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TP3016.AB
Page 7

Removal of Test Materjal ’

Approximately 24 hours after test or control material
application the bandages and collars will be removed and
the residual test material will be removed using water or
an appropriate solvent, if necessary.

ervation of Animals

(1)

(2)

(3)

(4)

Clinical Observations

For clinical signs before test or control material
administration and for clinical signs and mortality at
approximately 1, 2.5, and 4 hours after test material
administration (Day 1) and daily thereafter for clinical
signs, and twice daily (a.m. and p.m.) for mortality for
at Teast 28 days. Observations may be extended when
directed by the study director.

Reading of Dermal Irritation

Before test or control material administration the initial
dermal irritation reading will be made and recorded as the
Day 1 reading (Attachment 1). Additional dermal
irritation readings will be made approximately 30 minutes
after bandage removal (Day 2) and on Study Days 4 and 8.
Individual dermal irritation records will be maintained
for each animal. '

Body Weights
For randomization, before test or control material

application (Day 1), on Day 29, and at unscheduled death
(when survival exceeds 1 day)

Sample Collections

(a) Ereguency
Before initiation (Day 1), approximately 24 hours

post-dose (Day 2), Days 4, 9, 16, 23, and at
experimental termination (Day 29)

(b) Number of Animals
Al
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(c) Method of Collection
Blood samples (approximately 4 mL) will be collected

from the marginal ear vein of either ear on Days 1,
2, 4, 9, 16, and 23. Approximately 20 mL of blood
(actual volume to be documented in the raw data) will
be obtained from the posterior vena cava of each
animal sacrificed in a moribund condition or
sacrificed at the time of necropsy (Day 29). The
samples will be stored at room temperature and then
centrifuged, and the separate serum and cellular
fractions stored in a freezer set to maintain

-20°C +10°C. The separated serum and cellular
fractions will be sent frozen on dry ice to the
Sponsor after experimental termination.

Samples will be shipped to:

James D. Johnson

3M E.E. & P.C.
Bldg. 2-3E-09

935 Bush Avenue

St. Paul, MN 55106

James D. Johnson or alternate will be notified by
telephone at (612) 778-5294 prior to the shipment of
the samples.

D. Pathology

(1) Unscheduled Sacrifices and Deaths
Any animal dying during the study or sacrificed in a
moribund condition will be subjected to an abbreviated
gross necropsy examination and all abnormalities will be
recorded. Animals in a moribund condition will be
anesthetized with sodium pentobarbital (via injection in
the marginal ear vein), bled via the vena cava, and
exsanguinated. Tissues, as described in section
D. Pathology, (3) Sample Collection, will be collected.
After necropsy, the animals will be discarded.

(2) Scheduled Sacrifice

At termination of the experimental phase (Day 29),
surviving animals will be anesthetized with sodium
pentobarbital (via injection in the marginal ear vein),
bled via the vena cava, exsanguinated, and subjected to an
abbreviated gross necropsy examination. The animals will
be necropsied in random order and all abnormalities wil]
be recorded. :
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(3) Sample Collection
The sites of test and control material application will be

washed with lukewarm tap water prior to the necropsy
procedure. The whole Tiver, bile, an approximate l-cm x
1-cm section of the dermal application site from all
animals, and both kidneys from the first male and female
necopsied in each group will be collected and immediately
placed in a freezer set to maintain a temperature of -20°C
$+10°C. After necropsy, the animals will be discarded.

The tissues (liver, bile, dermal application site,
kidneys) will be sent frozen on dry ice to the Sponsor
after experimental termination. The samples will be
shipped to the person listed in Section 7.C.(4).(c). The
Sponsor is responsible for the retention and disposition
of the samples.

E. Statistical Analyses
No statistical analyses are required.

Report
A final report including those items listed below will be submitted.

Description of the test and control materials
Description of the test system

Procedures

Dates of experimental initiation and termination
Tabulation of mortality data by sex and dose level
Description of any toxic effects/dermal irritation
Tabulation of mean body weights by sex and dose level
Gross pathology findings/gross pathology report

Location of Raw Data, Records, and Final Report

Original data, or copies thereof, will be available at HWI to
facilitate auditing the study during its progress and before
acceptance of the final report. When the final report is completed,
all original paper data, including those item listed below will be
retained in the archives of HWI according to HWI SOP.

Protocol and protocol amendments
Dose preparation records
In-1ife records
Body weights
Dose administration
Observations
Anatomical pathology records
Sample collection records
Shipping records
Study correspondence
Final report (original signed copy)
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The following supporting records will be retained at HWI but will
not be archived with the study data.

Animal receipt/acclimation records

Water analysis records

Animal room temperature and humidity records
Refrigerator and freezer temperature records
Instrument calibration and maintenance records
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PROTOCOL APPROVAL
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John L. Butenhoff, PhD Date
Sponsor’s Representative
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Steven M. Glaza Date
Study Director

Acute Toxicology

Hazleton Wisconsin, Inc.
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Representative Date
Quality Assurance Un
Hazleton Wisconsin, Inc.
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Attachment 1

Scoring Scale for Acute Dermal Reactions

Erythema

0 - None

1 - Slight

2 - Moderate

3 - Severe

Edema

0 - None

1 - Slight (barely perceptible to well defined by definite raising)
2 -. Moderate (raised approximately 1 mm)
3 - Severe (raised more than 1 mm)
Atonia

0 - None

1 - Slight (slight impairment of elasticity)
2 - Moderate (slow return to normal)
3 - Marked (no elasticity)

Desquamation

None

Slight (slight scaling)

Moderate (scales and flakes)

Marked (pronounced flaking with depuded areas)

LWMN—=O
[ B

Coriaceousness

0 - None

1 - Slight (decrease in pliability)
2 - Moderate (leathery texture)

3 - Marked (tough and brittle)

Fissuring

0 - None

1 - Slight (definite cracks in epidermis)
2 - Moderate (cracks in dermis)

3 - Marked (cracks with bleeding)
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S CONSZSIN
;?ASDTS?)L,F\/'VCIEsggox7-7755:g a CORNING Company
PROTOCOL TP3016.AB
Single-Dose Dermal Absorption/Toxicity Study
of T-6049 in Rabbits
HWI 6329-130
Sponsor Contractor
3M Toxicology Service Hazleton Wisconsin, Inc
Medical Department 3301 Kinsman Boulevard
3M Center, Bldg. 220-2E-02 Madison, WI 53704

P.0. Box 33220
St. Paul, MN 55133-3220

Sponsor’s Representative Study Director

John L. Butenhoff, PhD Steven M. Glaza'

Amendment No. 1
This amendment modifies the following portions of the protocol:

Effective January 10, 1995

s :

1. Page 6, 7. Experimental Design; B. Dose Administration:
Administration. Animal Nos. F53355 (Group 3 female) and

F53398 (Group 2 female) were sacrificed on Day 2 due to injury (apparent

broken backs). These animals will be replaced in this study.

Replacement animals will be dosed, bled, and necropsied (includes tissue
collection) at the same time as the animals in another 3M sponsored
study (6329-137). Add the following as the second paragraph to this

section:

Due to the sacrifice on Day 2 of one Group 2 female
(Animal No. F53398) and one Group 3 female (Animal No.

F53355), replacement animals will be treated at the respective
dose levels in the same manner as for the other animals in the
study. The observations (clinical observations, reading of dermal
irritation, and body weights) and the pathology of the animals
(unscheduled sacrifices and deaths, scheduled sacrifice, and
sample collection) will be conducted in the same manner as for the
other animals in the study. The method of blood sample collection
will be in the same manner as for the other animals in the study.
The frequency of blood collection will be as follows:

Before initiation (Day 1), approximately 24 hours post-dose
(Day 2), Days 4, 8, 15, 22, and at experimental termination

(Day 29).
Phone 608:241:4371 Fax .§CL§.'.2_4_L;_Z,QUOU4'?
EXPRESS-MAIL DELIVERY 3301 KINSMAN BLVD MADISON Wi 53704
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Amendment No. 1 HWI 6329-130
Page 2

Effective January 24, 1995

At the request of the Sponsor, the weights of tissues collected and the volume
of bile collected will be documented in the raw data. These weights and
volumes will be included with the sample shipment. Modify the following
sections of the protocol to include these additions.

2. Page 9, 7. Experimental Design; D. Pathology: (3) Sample Collectijon.

Modify the second sentence in the first and second paragraphs of this
section with the following underlined additions:

The whole liver, bile, an approximate l1-cm x 1-cm section of the
dermal application site from all animals, and both kidneys from
the first male and female necropsied in each group will be

collected, weighed (volume only determined for bile), and
immediately placed in a freezer set to maintain a temperature of
-20°C tzl0°C.

The samples and their corresponding weights or volumes will be
shipped to the person listed in Section 7.C.(4).(c).

3. Page 9, 8. Report. Add the following to this section:

Individual animal tissue weights and bile volumes

PROTOCOL AMENDMENT APPROVAL

G;Z{:,_. 7. 4224?E§I;/¢15§;” _27/17//Q;<w'

John L. Butenhoff, PhD Date
Sponsor’s Representative
3M Toxicology Service Medical Department

kﬂ-\ (\N\ %m\m 2 O

Steven M. Glaza O Date
Study Director

Acute Toxicology

Hazleton Wisconsin, Inc.

Qﬁuapw ﬁkazﬁéz 2-02-95

Representatipé Date
Quality Assurance Unit
Hazleton Wisconsin, Inc.

(6329-130.Am1.dsk2)
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3M Environmental Laboratory

Protocol - Analytical Study
Single-dose Dermal Absorption/Toxicity Study of T-6049 in Rabbits
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Test Substance: FC-95 (T-6049)
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AMDT-M-1-0, Thermal Extraction of Fluoride by Means of a Modified
Dohrmann DX2000 Organic Halide Analyzer-Liver

AMDT-M-2-0, Fluoride Measurement by Means of an Orion EA940 Expandable
Ion Analyzer
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Electrospray Mass Spectrometry
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1.0 PURPOSE

The purpose of this study is to assess the dermal absorption of FC-95 (T-6049) in
rabbits after a single dermal dose of FC-95.

2.0 TEST MATERIALS

2.1 Test, Control, and Reference Substances and Matrices

2.1.1 Analytical Reference Substance: FC-95, lot 161 or 171. They are

equivalent.
2.1.2 Analytical Reference Matrix: Bovine liver and bovine serum

2.1.3 Analytical Control Substance: None
2.1.4 Analytical Control Matrix: Bovine liver and bovine serum

2.2 Source of Materials: 3M ICP/PCP Division (2.1.1), grocery store (2.1.2, 2.1.4
liver), Sigma Chemical Company (2.1.2, 2.1.4 serum)

2.3 Number of Test and Control Samples: Tissues and fluids from 18 test
animals and 6 control animals. One animal was replaced on day 2 (animal F53398
in the 5 mg/kg dose group replaced by animal F52999). Tissues and fluids include
liver, kidney, serum, cellular fraction, dermal application site and bile. Analysis of
these tissues will be at the discretion of the Study Director.

2.4 Identification of Test and Control Samples: The samples are identified using
the HWI animal identification number which consists of a letter and five digit
number, plus the tissue identity and day identity (serum).

2.5 Purity and Strength of Reference Substance: To be determined by Sponsor.
2.6 Stab'ility of Reference Substance: To be determined by Sponsor.

2.7 Storage Conditions for Test Materials: Room temperature (2.1.1),
-20 + 10°C (2.1.2, 2.1.4). Test and Control samples will be received according to

AMDT-S-10-0.

2.8 Disposition of Specimens: Biological tissues and fluids will be retained per
GLP Regulation for the time period required studies longer than 28 days.

2.9 Safety Precautions: Refer to appropriate MSDS. Wear appropriate laboratory
attire. Use caution when handling knives for cutting the samples.
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3.0 EXPERIMENTAL - Overview

Rabbits were dosed with T-6049 in a control group, 5 mg/kg, 100 mg/kg, and 500
mg/kg dermally. (See HWI#6329-130 for dosing, animal weights, tissue collection,
etc.) Tissues and serum are available from these animals for analysis of total
organic fluorine content. At the discretion of the Study Director samples will be
analyzed to the extent necessary to provide information to assess the extent of dermal

absorption.

4.0 EXPERIMENTAL - Methods

4.1 Liver and Serum screening methods: (attached)

4.1.1 AMDT-M-1-0, Thermal Extraction of Fluoride by Means of a Modified
Dohrmann DX2000 Organic Halide Analyzer-Liver

4.1.2 AMDT-M-2-0, Fluoride Measurement by Means of an Orion EA940
Expandable Jon Analyzer

4.1.3 AMDT-M-4-0, Extraction of Fluorochemicals from Rabbit Liver

4.1.4 AMDT-M-5-0, Analysis of Rabbit Liver Extract for Fluorochenmicals
Using Electrospray Mass Spectrometry

5.0 DATA ANALYSIS

5.1 Data Reporting: Data will be reported as a concentration (weight/weight) of
fluoride per tissue or fluid, or as FC-95 per tissue or fluid. Statistics used, at the
discretion of the Study Director, may include serum averages and standard
deviations of concentrations for different dose groups. If necessary, simple
statistical tests such as Student’s t test may be applied to determine statistical

difference.

6.0 MAINTENANCE OF RAW DATA AND RECORDS

6.1 Raw Data and Records: Raw data, approved protocol, appropriate specimens,
approved final report, and electronic data will be maintained in the AMDT Archives.
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7.0 REFERENCES

7.1 AMDT-S-10-0, Sample Tracking System

8.0 ATTACHMENTS

8.1 AMDT-M-1-0, Thermal Extraction of Fluoride by Means of a Modified
Dohrmann DX2000 Organic Halide Analyzer-Liver

8.2 AMDT-M-2-0, Fluoride Measurement by Means of an Orion EA940
Expandable Ion Analyzer

8.3 AMDT-M-4-0, Extraction of Fluorochemicals from Rabbit Liver

8.4 AMDT-M-5-0, Analysis of Rabbit Liver Extract for Fluorochenmicals Using
Electrospray Mass Spectrometry
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Thermal Extraction of Fluoride by Means of a Modified Dohrmann DX2000
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1.0 SCOPE , APPLICABLE COMPOUNDS, AND MATRICES

1.1 Scope: This method is for the operation of a Dohrmann DX2000 when it is used to extract |
fluoride from various matrices. The fluoride is typically collected in TISAB solution for analysis

with an ion selective electrode.
1.2 Applicable Compounds: Fluorochemicals or other fluorinated compounds.

1.3 Matrices: Biological tissues, particularly liver.

2.0 _ KEYWORDS

2.1 Fluoride, fluorine, extraction, pyrolysis, ionization, ion selective electrode, Dohrmann, halide,
DX2000, fluorochemicals.

3.0 PRECAUTIONS

3.1 Glassware and exhaust gases can be extremely hot.

3.2 Glassware is fragile, broken glass may cause injuries.

3.3 Pressurized gases, proper compressed gas handling practices required.

3.4 Solvent based samples may flash, may need to allow them to dry down before starting run.
3.5 Potential biohazards due to the biological matrices. Use appropriate personal protective

equipment.
4.0 SUPPLIES AND MATERIALS

4.1 Compressed Oxygen, Hydrocarbon free, regulated to 30 PSL

4.2 Compressed Helium, High Purity Grade, regulated to 45 PSI.
4.3 Quartz glass sample boat with Teflon™ tubing, Dohrmann 890-097 or equivalent.

4.4 Quartz glass combustion tube, Reliance Glass G-9405-012 or equivalent.

4.5 Orion 940999 Total Ionic Strength Adjustment Buffer (TISAB II ) or equivalent.
4.6 Sample collection vials, HDPE.

4.7 Milli-Q™ water

4.8 Polystyrene pipettes.

4.9 Activated Charcoal, E. Merck 2005 or equivalent.

4.10 Hamilton Syringe or equivalent.

4.11 Miscellaneous laboratory glassware

5.0 EQUIPMENT

5.1 Rosemount Dohrmann DX2000 Organic Halide Analyzer, modified for fluoride extraction.

5.2 IBM compatible 386 or 486 computer.
5.3 DX2000 software, version 1.00, modified for fluoride extraction.

5.4 Excel Spreadsheet, version 5.0 or greater

6.0 INTERFERENCES

6.1 Sample size is limited to approximately 150 mg, depending on sample moisture content. This
may vary from matrix to matrix.

2
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7.0 SAMPLE HANDLING

7.1 Samples are not to be handled with bare hands. Fluoride may leach from the skin to the

sample. Use forceps or probe to transfer tissues.
7.2 Samples of liver are cut from frozen liver and placed in a tared and labeled weigh boat. Use a

clean scalpel and cutting board. The cutting board and scalpel should be cleaned with water,
methanol, or methanol-water solution after each liver is cut.

8.0 CALIBRATION AND STANDARDIZATION

8.1 Preparation of Calibration Standards

8.1.1 The standards required for each project will need to be appropriate for that individual project.

Refer to protocol for that project.
8.1.2 Typically 50-500 ppm FC-95 in methanol standards are used.
8.1.3 For rabbit liver studies, use beef liver as the matrix. Cut a piece of frozen beef liver (100 -

150 mg) and weigh it in a labeled and tared weigh boat.

8.2 Calibration - Overview

The normal calibration is the fluoride curve (AMDT-M-2). However, if an optional spiked liver
curve is required the procedure listed below is used.

8.2.1 A calibration curve for the DX2000 is generated by spiking samples with known standards

and combusting them using the same methods and matrix type as the samples to be tested.

8.2.2 Typically, three replicates of each standard and five concentrations of standards will be

spiked.

8.2.3 Standard curve will be plotted as Mass Spiked F (ug) on the x-axis and Standard Mass

Recovered F (ug) on the y-axis. Generate a regression curve and calculate the equation for the line

and the r2 value.

8.2.4 Mass Spiked F (ug) = (Amount spiked in mL) x ( Conc. of standard in ppm) x (0.6004)*
*FC-95 is 60.04% F therefore 0.6004 is the factor used to convert FC-95to F

8.2.5 Standard Mass Recovered F (ug) = (TISAB volume in mL) x (Orion reading in ppm)

8.3 Calibration - Procedure

8.3.1 Start Up
8.3.1.1 Run 2 or more Clean Cycles when starting instrument each day. More clean cycles may

be used if the previous samples contained high concentrations of fluoride.

8.3.2 Blanks
8.3.2.1 Prepare sample using the same methods and type of matrix as the test sample.

8.3.2.2 For rabbit studies, use beef liver as the matrix. Prepare at least 3 samples of beef liver

(100 - 150 mg) for blanks.
8.3.2.3 Put sample in Dohrmann boat. Combust each sample as described in section 9.0 and

analyze sample according to method AMDT-M-2 for the ion selective electrode analysis.

3
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8.3.2.4 For rabbit studies, the meter reading for a blank sample should be 0.03 ppm or lower
before proceeding with the calibration. Burn samples until this limit is reached, or until in the
judgement of the operator the reading is stable with respect to historical readings (previous 48

hours).
8.3.2.5 For non-rabbit studies, the blank readings should reach a predetermined ion concentration

before proceeding with the calibration.
8.3.2.6 It may be necessary to mix approximately 50 mg of charcoal with the sample to aid

combustion.

8.3.3 Standard Curve
8.3.3.1 Weigh out at least 15 matrix samples (5 standards with 3 replicates each) in tared and

labeled weigh boats. For rabbit studies, weigh 100-150 mg beef liver samples. Record weights in
study data. Store the matrix samples on dry ice or ice packs to keep them frozen until used.
8.3.3.2 Place weighed beef liver sample in Dohrmann sample boat.

8.3.3.3 Start with the lowest standard concentration. Using a Hamilton syringe, eject a fixed
quantity of the standard on or in the matrix. For rabbit studies, use 4 uL of standard and eject it on

or in the beef liver.
8.3.3.4 Atleast 3 replicates should be used for the lowest standard concentration; more replicates

may be used at the discretion of the analyst.
8.3.3.5 Combust the sample as described in section 9.3 and analyze according to AMDT-M-2.

8.3.3.6 Run all 15 standards. If one replicate is significantly different from the other two
replicates, run another sample for that standard. Indicate in data that the new replicate replaces the

old replicate and that the new replicate will be used to calculate the regression curve.
8.3.3.7 When all standards have been run, calculate the r2. r2 must be at least 0.95. If it is not at

least 0.95, consult with supervisor.
8.3.3.8 A new standard curve should be run when the combustion tube or sample matrix is

changed. New standard curve may also be run at the discretion of the analyst.

8.4 Storage Conditions for Standards

8.4.1 Storage requirements for standards are dependent on the individual standards used.
Typically, standards are stored at room temperature in plastic screw top bottles.
8.4.2 New FC-95 standards should be prepared at least once a month.

9.0 PROCEDURES

9.1 Typical Operating Conditions:

9.1.1 Combustion tube temperature = 950°C.
9.1.2 Oxygen and Helium flow = 50 cc/minute.
9.1.3 Vaponzanon/Drymg time = 240 seconds.
9.1.4 Bake time = 300 seconds.

9.2 Start Up Procedure:

9.2.1 If the program is not started, start the EOX program on the PC.
9.2.2 Open the SYSTEM SETUP window.

9.2.3 Put the fumace module and the cell in the READY mode.
9.2.4 Close the SYSTEM SETUP window.

.4
000057



9.2.5 When the oven has reached the READY temperature, run the CLEAN BOAT program

found in the CELL CHECK menu.
9.2.6 See AMDT-EP-3 for details of the Dohrmann software.

9.3 Sample Extraction Procedure:
9.3.1 Open the SAMPLE HATCH and place the sample in the BOAT. It may be necessary to

mix approximately S0 mg of charcoal with the sample to aid combustion. If this is done, charcoal
should also be mixed in while establishing the baseline and when generating the standard curve.
9.3.2 Close SAMPLE HATCH.

9.3.3 Add appropriate volume of TISAB solution or 1:1 TISAB:Milli-Q™ water mixture to a
labeled sample collection vial. Typically 0.6 mL to 15 mL are used. For rabbit studies, use 1.0 or
2.0 mL of 1:1 TISAB:Milli-Q™ water mixture.

9.3.4 Place the vial so that the tip of the COMBUSTION TUBE is in the TISAB at least 0 25
inches. Gases released during pyrolysis must bubble through the TISAB.

9.3.5 Run the EOX-SOLIDS program found in the RUN menu.
9.3.6 When the EOX program is finished, remove the collection vial from the combustion tube.

9.3.7 If undiluted TISAB was used to collect the sample, add an equal volume of Milli-Q™ water

to the TISAB to make 1:1 TISAB:Milli-Q™.
9.3.8 Rinse the end of the combustion tube with Milli-Q™ water and wipe with a KIMWIPE to

remove any TISAB remaining on the tube.

9.3.9 Open the sample hatch and remove any remaining ash from the boat. Ash can be removed
with a cotton tipped applicator or vacuumed out. It may be necessary to scrap particles off the
bottom with a spatula or other similar device. A drop of Milli-Q™ water may be added to the

boat to aid in the Clean Cycle.

9.3.10 Close the hatch.

9.3.11 Run the CLEAN BOAT program.

9.3.12 Sample is ready for analysis by ion selective electrode (AMDT-M-2).

9.4 Sample Calculations

9.4.1 Use the standard curve to calculate the sample value.

9:4.2 Sample Mass Recovered F (ug) = (TISAB vol in mL) x (Orion reading in ppm - intercept)

(Slope)

10.0 VALIDATION

10.1 Quality Control
10.1.1 Daily Start Up Check Samples: Once the standard curve is established, each day of

analysis is started by analyzing QC samples. The QC samples are to be the same as the lowest
concentration spiked samples used to generate the standard curve. Each concentration must be
done in triplicate unless the first two replicates are within 20% of the standard curve, then a third

replicate is not necessary.

10.2 Precision and Accuracy: See method development analysis and sample analysis in
Fluoride Notebooks 2,3, and 5. Precision and accuracy varies when analyzing samples of different

matrices and different reference compounds.

10.3 Other Validation Parameters: NA

5
000055



11.0 DATA ANALYSIS

11.1 Calculations

11.1.1 For the standard curve, use regression analysis in Excel, version 5.0 or greater.
11.1.2 To calculate the fluoride contraction in the sample, see method AMDT-M-2.

11.2 Analyzin‘g the Data

11.2.1 r2 must be at least 0.95 or greater. “Outliers” may be excluded if two of the three replicates
are within 20% of each other and the outlier is greater than 200% of the average of those two or
less than 50% of the average of those two. Any such outliers should be pointed out in the data and
noted in the Final Report along with the reason it was considered an outlier. '

120 ATTACHMENTS

None

13.0 REFERENCES

13.1 Rosemount Dohrmann DX2000 Organic Halide Analyzer Operator's Manual (Manual 915-

349, revision B, December 1993)
13.2 AMDT-M-2 Fluoride Measurement by Means of an Orion EA940 Expandable Ion

Analyzer
13.3 AMDT-EP-3 Routine Maintenance of a Modified Dohrmann DX2000 Organic Halide

Analyzer

14.0 REVISIONS

Revision Revision
Number Reason for Chan Date
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1.0 SCOPE , APPLICABLE COMPOUNDS, AND MATRICES

1.1 SCOPE: This method is for the calibration and operation of an Orion EA940 Expandable
Ion Analyzer.

1.2 APPLICABLE COMPOUNDS: Fluoride.

1.3 APPLICABLE MATRICES: Liquid samples in an appropriate buffer solution. Preferred
pH of 6.0.

2.0 KEYWORDS

2.1 Fluoride, fluorine, ion selective electrode

3.0 PRECAUTIONS

3.1 No hazards identified with this method.

4.0 SUPPLIES AND MATERIALS

4.1 Orion 940999 Total Ionic Strength Adjustment Buffer II (TISABII) or equivalent.
4.2 Orion Model 900001 electrode filling solution (AgCl) or equivalent.

4.3 Orion 940907 100 ppm fluoride standard or equivalent.

4.4 Milli-Q™ water or equivalent.

4.5 Magnetic stir bars.

4.6 Lab tissues.

4.7 Sample collection vials.

4.8 Plastic 100 mL volumetric flasks.

4.9 Polystyrene pipettes.

4.10 Miscellaneous laboratory glassware.

5.0 EQUIPMENT

5.1 Orion Model EA940 Expandable Ion Analyzer or equivalent.

5.2 Orion Model 960900 Solid State Combination Fluoride electrode or equivalent.
5.3 Magnetic Stir Plate.

5.4 IBM compatible 386 or 486 computer (only needed 1f using Orion 3E software).
5.5 Orion RS232 interface cable (only needed if using Orion 3E software).

5.6 Microsoft Excel 5.0 (only needed if using Orion 3E software).

6.0 INTERFERENCES

6.1 It is recommended that the pH be at or near 6.0. A 1:1 mixture of TISAB and sample/Milli-

Q™ water will generally bring sample to pH of 6.0.

6.2 Sample temperature may effect fluoride measurement. It is recommended that the sample be
at room temperature as the standards were when the meter was calibrated.

6.3 The rate the samples are stirred at should be consistent with the rate the standards were stirred.

2
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6.4 Air bubbles trapped under electrode can give erroneous readings. Make sure no air is trapped
under electrode.

1.0 SAMPLE HANDLING

7.1 No special handling necessary.
8.0 CALIBRATION AND STANDARDIZATION

8.1 Preparation of Calibration Standards

8.1.1 Measure 50 mL of TISAB Il into 5 100 mL plastic volumetric flasks.

8.1.2 Label the flasks as 0.05, 0.1, 0.5, 1.0, and 1.5 ppm F-, along with the date and your initials.
8.1.3 Pipette 0.05, 0.1, 0.5, 1.0, and 1.5 mL of 100 ppm fluoride standard into the appropriately
labeled flasks.

8.1.4 Add approximately 30 mL of Milli-Q™ water to each flask.

8.1.5 Shake the flasks to mix the solutions.

8.1.6 Eliminate air bubbles from the flasks by tipping the flasks on their sides and rolling the air in
the flasks over the air bubbles.

8.1.7 Bring the volume in the flasks up to the 100 mL mark with Milli-Q™ water.

8.1.8 Invert and shake the flasks for the final mixing.

8.1.9 Record standards in Standards Log Book.

8.2 Calibration
8.2.1 If necessary, remove tape from electrode filling hole.

8.2.2 Invert probe to wet top seal.
8.2.3 Eject a few drops of filling solution from bottom of electrode to wet lower seal.

8.2.4 Fill the electrode with filling solution.
8.2.5 The meter and the F- electrode are typically calibrated by direct measurement with no blank

correction, using standards with concentrations of 0.05, 0.1, 0.5, 1.0, and 1.5 ppm F-, following

the manufacturer’s instructions.

8.2.6 Record the slope in the appropriate log book.
8.2.7 Clean the electrode by rinsing with Milli-Q™ water and wiping the sides down with lab

tissues.

8.3 Storage Conditions for Standards
8.3.1 Calibration standards are stored at room temperature,

9.0 PROCEDURES

9.1 Calibration and Measurement, Standard method:

9.1.1 The sample to be measured needs to be mixed with TISAB using the proportions

recommended by the TISAB manufacturer.

9.1.2 Place a stir bar in the sample and place the sample on the stir plate.

- 9.1.3 Allow the sample to mix for a few seconds before inserting the electrode. When the
electrode is inserted, make sure there are no air bubbles trapped under the electrode.

9.1.4 The sample should be the same temperature as the calibration standards and stirred at the

same rate as the calibration standards.

9.1.5 When the readings have stabilized, record the reading in the appropriate log book.
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9.2 Calibration And Measurement, Using Orion 3E Software:

9.2.1 Calibration:
9.2.1.1 Follow steps 8.2.1 to 8.2.4.

9.2.1.2 Press Function Key #8 (F8).
9.2.1.3 The computer screen will ask you to confirm the number of standards to be used,

concentration of the standards, and whether or not a blank is to be included in the calibration.
Make any necessary changes to the information presented and click on CONTINUE.

9.2.1.4 Place the electrode in the first standard on the stir plate and click on CONTINUE.,

9.2.1.5 Observe the readings on the graphic display on the computer. When the readings have
stabilized, press ACCEPT READING.

9.2.1.6 Repeat step 9.2.1.4 and 9.2.1.5 for the remaining standards.

9.2.1.7 After the final standard, the computer will display the slope of the curve, as well as s the
intercept and correlation. Record the slope, intercept, and correlation in the appropriate log book
and click on CONTINUE. The calibration data is automatically copied to C:\Orion\Data\Calib.txt.

9.2.2 Data Spreadsheet:
9.2.2.1 Select either NEW or OPEN from the FILE menu to open a new or existing spreadsheet

to store data in.
9.2.2.2 Record the name of the spreadsheet used in the appropriate log book.

9.2.3 Fluoride Measurement:

9.2.3.1 Follow steps 9.2.1 through 9.2.4

9.2.3.2 Enter the name of the sample in the appropriate place on the screen.

9.2.3.3 Click on the NEW SAMPLE button

9.2.3.4 When the readings have stabilized, click on the RECORD button and write the result in the

appropriate log book.

10.0 VALIDATION

10.1 Quality Control:

10.2 Precision and Accuracy

10.3 Other Validation Parameters According to Reference 13.2, the range of detection is 0.02
ppm fluoride up to a saturated solution of fluoride. '

11.0 DATA ANALYSIS

11.1 Calculations None necessary.

11.2 Analyzing the Data None necessary.

120 ATTACHMENTS

None

13.0 REFERENCES

4
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13.1 Orion Model EA940 Expandable Ion Analyzer Instruction Manual, Orion Research

Incorporated, 1991.
13.2 Orion Model 960900 Solid State Combination Fluoride Electrode Instruction Manual, Orion

Research Incorporated, 1991.
14.0 REVISIONS

Revision A Revision
Number Reason for Change Date
5
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1.0 SCOPE
1.1  Scope: This method is for the extraction of fluorochemicals from rabbit livers.
Ethyl acetate is used to extract fluorochemicals from the livers for analysis by

electrospray mass spectroscopy.
1.2 Applicable Compounds: Fluorochemicals or other fluorinated compounds.

1.3 Matrices: Rabbit Livers.
2.0 KEYWORDS

2.1 Fluorochemicals, rabbit livers, electrospray mass spectrometer, fluorinated
compounds, extraction.

3.0 PRECAUTIONS
3.1 Usc gloves when handling the rabbit livers, they may contain pathogens.

4.0 SUPPLIES AND MATERIALS

4.1 Supphes
Syringe, capable of measuring 100 pL

Eppendorf type or disposable pipets

Gloves

Plastic grinding tubes

Plastic centrifuge tubes, 15 mL

Labels

Nitrogen

Timer

Filters, Titan nylon syringe filters, 0.2 pm.
0 Analytcal pipets: glass volumetric pipets.
1 Disposable plastic 3 cc syringes.
2 Crimp cap autovials.

.
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4.2

o

agents

-1 Aqueous Ammonium Acetate (Aldrich), approx. 250 ppm: Prepare a 2500
ppm aqueous solution of ammonium acetate by adding 250 mg ammonium
acetate to a 100 mL volumetric flask and dilute to volume with Milli-Q
water. Dilute this solution 1:10 for a 250 ppm solution.

4.2.2 Sodium carbonate/Sodium Bicarbonate Buffer (J.T. Baker),
(Na,CO,/NaHCO,) 0.25 M: Weigh 26.5 g of sodium carbonate (Na,CO,)
and 21.0 g of sodium bicarbonate (NaHCO,) into a 1 L volumetric flask and
bring to volume with Milli-Q water.

4.2.3 Dilute acetonitrile solution, dilute acetonitrile 1:1 with Milli-Q water.

4.2.4 Ethyl Acetate

4.2.5 Methanol

4.2.6 Milli-Q water

4.2.7

4.2.8

N

1H,1H,2H,2H - perfluorooctanesulfonic acid (Aldrich)
FC-95 (3M Specialty Chemical Division)

2
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2.0 EQUIPMENT

5.1
5.2
5.3
5.4
5.5

Ultra-Turrax T25 Grinder for grinding liver samples.
Vortex mixer

Centrifuge

Shaker

Analytical Evaporator

6.0 INTERFERENCES

6.1

There are no known interferences at this time.

7.0 SAMPLE HANDLING

7.1

The rabbit livers are received frozen, and must be kept frozen until the extraction is
performed.

8.0 CALIBRATION AND STANDARDIZATION

8.1

8.2

8.3

Preparation of Internal Standards

8.1.1 Prepare an internal standard of approximately 12 ppm 1H,1H,2H,2H-
perfluorooctanesulphonic acid to be added to each liver sample.

8.1.2 Weigh at least 0.1 g of 1H,1H,2H,2H-perfluorooctanesulphonic acid into a
100 mL volumetric flask. Record the actual weight.

8.1.3 Bring it up to volume with methanol, this is the stock standard.

8.1.4 To a 250 mL volumetric flask, add 3 mLs of the stock standard and bring to
volume with Milli-Q water. Calculate the actual concentration of the

standard.
actual mg perfluoroctane-
sulphonic acid X 3ml = actual concentration, ppm
0.1L 250 mL

Prepare FC-95 Anion Standards

8.2.1 Prepare FC-95 standards for the standard curve.

8.2.2 Weigh approximately 100 mg of FC-95 into a 100 mL volumetric flask.
Record the actual weight.

8.2.3 Bring up to volume with dilute acetonitrile.

8.2.4 Dilute the solution with dilute acetonitrile 1:10 for a solution of

approximately 100 ppm. Dilute this solution 1:10 with dilute acetonitrile for
a solution of approx. 10 ppm.
8.2.5 Use the 10 ppm solution to make working standards with values close to

5.0 ppm, 1.0 ppm and 500 ppb.

Prepare Beef Liver Homogenate to Use for Standards

8.3.1 Weigh 40 g of Bovine liver into a 250 mL Nalgene bottle containing
200 mLs Milli-Q water. Grind to a homogenous solution.

8.3.2 Add 1 mL of the solution to a 15 mL centrifuge tube. Prepare a total of eight
1 mL aliquots of the solution in 15 mL centrifuge tubes. Be sure to re-
suspend solution by shaking it between aliquots.
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8.

8.

8.

4

5

6

7

8.3.3 Spike seven of the 1 mL aliquots with the following amounts of working
standards in step 9.12 of the procedure. One 1 mL aliquot serves as the

blank.
Working Standard ul Approximate final
(Approximate Conc.) concentration of
FC-95 in liver
- - Blank
500 ppb 100 0.292 ppm
500 ppb 200 0.584 ppm
500 ppb 300 0.877 ppm
500 ppb 400 1.168 ppm
1 ppm 500 2.924 ppm
5 ppm 200 5.348 ppm
S ppm 300 8.772 ppm

Calculate the actual value of the standards:

uL of standard x concentration (in ppm) = final concentration (ppm)
of FC -95 in liver

171 mg liver'/ 1 ml homogenate

* Average weight of bovine liver in solution as determined by weighing
1 mL homogenates of 40 mg liver in 200 mL of Milli-Q water. The amount of
FC-95 is reported as equivalents of FC-95 potassium salt.

Calibration
8.5.1 Extract the spiked beef liver homogenate following 9.13 to 9.23 of this

method. Use these standards to establish your curve on the mass
spectrometer.

8.5.2 Alternatively, a standard curve may be generated using ratios of responses
of the perfluorooctansulfonate anion and the internal standard anion versus
concentration of the perfluorooctanesulfonate anion.

Storage Conditions for Standards
8.6.1 New standards are prepared with each analysis. Standards are stored in
covered plastic centrifuge tubes until the analysis on the mass spectrometer

is performed.

Storage Conditions for Standards
8.7.1 Beef liver homogenates may be frozen after preparation.

9.0 PROCEDURES

wvwvw ©

NHEWN =

Obtain frozen liver samples. In spent tissue, note that the liver has not been
packaged with other tissues.

Use a dissecting scalpel and cut off approximately 1 g of liver.

Weigh the sample directly into a tared plastic grinding tube.

Record the liver weight in the study note book.

Put a label on the vial with the study number, weight, rabbit ID, date and analyst

initals. :
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9.13
9.14

9.15
9.16
9.17
9.18

9.19
9.20
9.21

9.22
9.23

9.24
9.25

Add 2.5 mLs water.

Grind the sample. Put the grinder probe in the sample and grind for about 2
minutes, until the sample is a homogeneous solution with no large chunks.

Rinse the probe off into the sample with 2.5 mLs water using a pipet.

Take the grinder apart and clean it with methanol after each sample. Follow
AMDT-EP-22.

Cap the sample and vortex for 15 seconds.

Pipet 1 mL into a 15 mL centrifuge tube. Label the centrifuge tube with the identical
information as the grinding tube. (See AMDT-M-4 Worksheet for documenting the
remaining steps.)

Spike the beef liver homogenates with the appropriate amount of FC-95 standard
as described in 8.3.

Spike the samples and beef liver homogenates with 100 uL of internal standard.
Add 1 mL of the sodium carbonate/sodium bicarbonate buffer and 1 mL ammonium
acetate.

Using an analytical pipet, add 5 mL ethyl acetate.

Cap the sample and vortex 20 to 30 seconds.

Put them in the shaker for 20 min.

‘Centrifuge for 20 to 25 minutes, until the layers are well separated. Set the power

on the centrifuge to 25.

Remove 4 mLs of the top organic layer to a fresh 15 mL centrifuge tube with a 5
mL graduated glass pipet. Transfer the label to the fresh tube.

Blow the sample down on the analytical evaporator to near dryness with nitrogen,
approximately 30 to 40 minutes.

Bring the remaining sample up in 1 mL dilute acetonitrile with an analytical pipet.
Vortex 15 seconds. )

Transfer the sample to a 3 mL syringe. Attach a 0.2 um nylon mesh filter, and filter
the sample into a fresh centrifuge tube or a autovial. Label the tube or vial with the
study number and animal number.

Cap and hold for analysis by electrospray mass spectroscopy.

Complete AMDT-M-4 worksheet and attach to page of study notebook.

10.0 VALIDATION

10.1
10.2
10.3

Quality Control - not applicable
Precision and Accuracy- not applicable
Other Validation Parameters- not applicable

11.0 DATA ANALYSIS

11.1

None

12,0 ATTACHMENTS

12.1

Worksheet AMDT-M-4

13.0 REFERENCES

13.1 AMDT-EP-22 Routine Maintenance of Ultra-Turrax T-25

14,0 REVISIONS

Revision Revision
Number. Reason for Change Dage
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Worksheet AMDT-M-4

Study # Sample FC-95 FC-95 FC-95 Date and
Number approx 0.5 ppm approx 1 ppm approx. 5 ppm | Initials for Std.
actual ppm actual ppm | actual ppm
set # #W #W #W

- Blank Liver - - -
- 100 ul - -
= 200 ut - -
- 300 uLL - -
= 400 ul, - -
= - S00 ul, -
- - - 200 ul,
- = - 300 ul,

] - -

_‘gnm%hmmmlgmrkqheet is located alnd place a copy ;
Date & Initial

Liver Extraction Process:

Pinet 1 mL of Liver Solution

Pinet 100 ul, of 12 ppm Internal Standard

Std #

| Vortex 15 sec

Pinet 1 ml. of 250 nom Ammaonium Acetate

Std #

Pinet 1 mL of 0.25 Na.CQ./0 25M NaHCQ. Buffer

Pinet S ml. of Ethvl Acetate

L Vortex 20-30 sec.

Shake 20 min

Centrifuee 20-25 min

| Remove a 4 mI aliouot of oreanic laver

| Blow down to near drvpess (<025 mL) with N.

Add 1 m: of 1-1 Acetonitrile/H.O

Yortex 18 sec

LEilter usine a3 3cc B-D syrinee with a 0 2um SRI filter jnto 3 1.5 ml, autosample vial
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1.0 SCOPE

1.1 Scope: This method is for the analysis of extracts of rabbit liver or other tissues or
fluids for fluorochemicals using the electrospray mass spectrometer. The analysis
is performed by single ion monitoring of FC-95 anion, M/Z= 499, the internal
standard M/Z = 427, and other appropriate masses.
Applicable Compounds: Fluorochemicals or other fluorinated compounds.
Matrices: Rabbit Livers (samples), Beef Liver (standards), other tissues and

fluids. ‘
2.0 KEYWORDS

2.1 Fluorochemicals, fluorinated compounds, electrospray mass spectroscopy, mass
spectrometer, rabbit livers.

Pt ok
W N

3.0 PRECAUTIONS
3.1 Usecaution with the voltage cable for the probe. When the voltage cable is plugged
into the probe DO NOT TOUCH THE PROBE, there is risk of electrical shock.
3.2 Do not run the pump above it’s capacity of 4000 psi. If pressure goes over 4000 psi
stop and release pressure. The peak tubing may be plugged. Troubleshoot back to
find the plug and replace the plugged tubing. See AMDT-EP-15
3.3 Do not run the pump to dryness.

4.0 SUPPLIES AND MATERIALS

4.1 Supplies
4.1.1 Niwrogen gas regulated to 140 psi.

4.1.2 Fluofix column or equivalent.
4.1.3 100 uL or 250 uL flat tip syringe for sample injection.

4.2 Reagents
4.2.1 Dilute acetonitrile mobile phase, dilute acetonitrile 1:1 with Milli-Q water.

4.2.2 Milli-Q water, all water used in this method should be Milli-Q water.

5.0 EQUIPMENT

5.1 VG Trio 2000 Electrospray Mass Spectrometer or equivalent.
5.2 ISCO Syringe Pump

5.3  Spectmaphysics AS300 Autosampler

5.4 100 uL Assembly

5.5  Autovials or capped centrifuge tubes.

6.0 INTERFERENCES

6.1 There are no known interferences at this time.

7.0 SAMPLE HANDLING
7.1  Keep the extracted samples in capped 15 mL centrifuge tubes or in capped autovials
until ready for analysis.
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8.0 CALIBRATION AND STANDARDIZATION

8.1

8.2

8.3

8.4

Preparation of Calibration Standards
8.1.1 Seven beef liver standards and one blank beef liver are prepared during the
extraction procedure. (See AMDT-M-4, section 8.0)

Calibration
8.2.1 Run the seven beef liver standards twice, starting with the lowest standard

to obtain the standard curve.
8.2.2 Typically one standard is run after each 5 to 7 samples. Choose a standard
in the same range of concentration as the samples.

Storage Conditions for Standards

8.3.1 Fresh standards are prepared with each analysis. Standards are stored in
covered plastic centrifuge tubes until the analysis on the mass spectometer is
performed. Samples and standards are NOT refrigerated.

Storage Conditions for Beef Liver Homogenates
8.4.1 Beef liver homogenates may be frozen after preparation.

9.0 PROCEDURE

9.1

9.2

Initial Set-up

9.1.1 Set software to “Operate on”, Ion Mode ES".

9.1.2 Record backing pressure in the instrument log.

9.1.3 Fill the solvent cyhnder with mobile phase.

9.1.4 Set the pump to “Run”. Set the flow to 1000 uL/min. Observes droplets
coming out of the tip of the probe. The pressure should be at 1700 to 1800
psi.

9.1.5 Check the fused silica at the end of the probe. Use an eye piece to check for
chips. The tip should be flat with no jagged edges. If any chips are found
cut off the tip of the silica with a column cutter and pull the silica through to
the appropriate length.

9.1.6 Check your nitrogen supply. Turn on the nitrogen. There should be no
nitrogen leaking around the tip of the probe. A fine mist should be coming
out of the tip.

9.1.7 Carefully guide the probe into the opening. Insert it until it won’t go any
further. Connect the voltage cable to the probe.

9.1.8 Goto the “Editor” page, and set Ionization Mode to ES’, and the
appropriate masses to 427 and 499.

9.1.9 Ifitis notin single ion mode go to “Option” and set SIR.

9. 1. 10Start Acquisition. Assign a file name, MO-DAY-YR + letter. Record it in
the log book.

9.1.11Run the beef liver samples first, running each standard twice at the
beginning of the run.. Run a QC check by running one standard after every

5 to 7 samples.

nual Injection
1 Draw 150 uL of sample into a syringe. Inject the sample into the rheodyne

Ma
9.2.
injection port. Inject slowly Record the sample ID in the log book.
9.2.2 Turn the valve to “On”.
9.2.3 Wait two minutes, and inject the next sample.
9.2.4 Record the scan number for each sample in the logbook.
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9.3

Using the Autosampler

9.3.1 Setup sample tray A, B, or C.

9.3.2 Record the samples and their positions in the insrument log book. Up to 17
vials may be in each run.

9.3.3 Set-up the sampler:
9.3.3.1 Push the sample button

9.3.3.2 Set sample loop size = 100 uL

9.3.3.3 Set inject/sample = 2

9.3.3.4 Set Cycle time =0

9.3.3.5 Name the file: Livers

9.3.3.6 Identify the tray used

9.3.3.7 Add the samples to Queue by pressing “Enter”
9.3.3.8 Press “Run” to start

10.0 VALIDATION

10.1

10.2

10.3
10.4

Quality Control _
10.1. 1Run a standard every 5 to 7 samples. If a significant change(x 50%) in

peak height occurs stop the run. Only the samples before the last acceptable
standard will be used. The remaining samples will be reanalyzed.

Precision and Accuracy
10. 2. 1See Method Validation Report number AMDT-M-5.0.V1

Other Validation Parameters
Refer to Method Validation Report Number AMDT-M-5.0.V1

11.0 DATA ANALYSIS

11.1
11.2

Calculations
Plot the standard curve, using the mean of the two values obtained for each

standard.
11.2. 1Read peak heights or areas for the samples from the printout. Use linear

regression to determine the sample concentrations.
11. 2.2 Calculate the mg of FC-95 anion, or other fluorochemical in the total rabbit

liver:

mg FC-95 anion in the total rabbit liver =

mg FC-95 anion from std. curve x  Total mass of liver, gms
gms of liver used for analysis

Make a results table and enter it in the study book.
Print a chromatogram for each sample, with the peaks labeled with the sample or

standard ID. Write the study number on the printout, initial, date, and put it in the
study folder. Staple all chromatograms together and number pages.
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12,0 ATTACHMENTS

None

13.0 REFERENCES

13.1 AMDT-EP-17
14.0 REVISTIONS

Revision Revision

Number Reason for change Date
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9.3 Quality Assurance Unit Statement
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Attachment D

GLP Study
Quality Assurance Statement

Study Title: Single-dose Dermal Absorption/Toxicity Study of
T-6049 in Rabbits

Study Number: AMDT-020895.1 Name of Auditor: Kari Rambo

This study has been inspected by the Quality Assurance Unit as indicated in the following table.
The findings were reported to the study director and management.

Inspection Dates Date Inspection Reported to
From To Phase Management Study Director
10/13/95 10/19/95 Final Report 10/19/95 10/19/95

,/
//‘ / -
Ay ) Ay B

QAU Auditor Date
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9.4 Key Personnel Involved in the Study
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3M Environmental Laboratory

Key Personnel

Thermal extraction followed by analysis using Orion ion analyzer:
Jim Johnson
Deb Wright
Rich Youngblom
Deann Plummer

Analysis of liver extracts using electrospray mass spectrometry:

Jim Johnson
Dave Christenson

Documentation and Reporting:
Jim Johnson
Rich Youngblom

Quality Assurance Unit:
Gale Van Buskirk
Cynthia Weber
Kari Rambo
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9.11 Data
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9.11.1 Summary and raw data; ug F" in whole liver as
determined by thermal extraction followed by analysis
using Orion ion analyzer.
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Summary of Combustion Data - Liver
AMDT-020895.1, HWI 6329-130
As Referenced in Final Report section 6.0 DATA ANALYSIS

Total ug Fluoride in Whole Liver
Mean per Dose Group*

ng Std. Dev.
Control Group 22.4 + 5.7

5.0 mg/kg dose (T6049) 17.6 + 4.9
(0.003 mg/kg)**

100 mg/kg dose (T6049) 15.8 + 2.6
(0.06 mg/kg)**

500 mg/kg dose (T6049) 22.3 + 2.2
(0.30 mg/kg)**

*Calculated as the mean of triplicate samples from each of three male and three female rabbits.
»»Test material is a 0.06% solution of T6049, actual dose in parenthesis.
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RPT130L.XLS

FC95 AB Actual Average Whole Total F-in
ppmF- ppmF- liver liver whole
% in liver in liver burned weight liver Dosage
ID revry (WW) (WW) (grams) (grams) (ug) (mg/kg)

Liver bink-1 0.835 0.1138

Liver bink-2 0.287 0.1347

Liver spk-1  106% 1.140 0.1403

Liver spk-2 99% 1.200 0.1248

F53405-1 0.474 0.1141

F53405-2 0.281 0.353 0.1270 78.27 27.65 0
F53405-3 0.305 0.1322

F53356-1 0.212 0.1431

F53356-2 0.249 0.220 0.1458 74.69 16.40 0
F53356-3 0.198 0.1367

F53404-1 0.684 0.1279

F53404-2 0.244 0.394 0.1186 70.28 27.68 0
F53404-3 0.254 0.1230

F53353-1 0.232 0.1441

F53353-2 0.205 0.206 0.1096 77.41 15.93 0
F53353-3 0.181 0.1355

Liver blk 1 0.272 0.1165

Liver blk 2 0.129 0.1550

Liverspk1 91% 1.111 0.1237

Liverspk2 102% 1.096 0.1408

F53358-1 0.402 0.1346

F53358-2 0.320 0.335 0.1164 81.38 27.27 0
F53358-3 0.283 0.1370

F53359-1 0.336 0.1143

F53359-2 0.209 0.247 0.1174 78.86 19.52 0
F53359-3 0.197 0.1142

F53402-1 0.149 0.1518

F53402-2 0.136 0.147 0.1645 78.73 11.61 5
F53402-3 0.157 0.1434

F53364-1 0.275 0.1097

F53364-2 0.285 0.298 0.1140 84.10 25.09 5
F53364-3 0.335 0.1085

F53352-1 0.257 0.1685

F53352-2 0.241 0.255 0.1418 67.61 17.26 5
F53352-3 0.267 0.1401

F53349-1 0.180 0.1390

F53349-2 0.242 0.234 0.1010 77.60 18.15 5
F53349-3 0.280 0.1437

F53399-1 0.238 0.1014

F53399-2 0.209 0.200 0.1021 65.82 13.20 5
F53399-3 0.155 0.1290

F53346-1 0.167 0.1340

F53346-2 0.172 0.222 0.1396 75.41 16.75 100
F53346-3 0.328 0.1283

F53350-1 0.284 0.1296

F53350-2 0.266 0.241 0.1477 74.05 17.87 100
F53350-3 0.174 0.1375

F53397-1 0.238 0.1273

F53397-2 0.291 0.253 0.1367 74.88 18.93 100
F53397-3 0.230 0.1128
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RPT130L.XLS

FC95 AB Actual Average Whole Total F-in
ppm F- ppm F- liver liver whole
% in liver inliver burned weight liver Dosage
ID rcvry (WW)  (WW)  (grams) (grams) (ug) (mg/kg)

F53400-1 0.157 0.1418

F53400-2 0.191 0.171 0.1233 74.96 12.80 100
F53400-3 0.165 0.1356

F53360-1 0.144 0.1420

F53360-2 0.209 0.168 0.1057 76.35 12.86 100
F53360-3 0.151 0.1309

Liver bk 1 0.432 . 0.1137

Liver blk 2 0.366 0.1019

Liverspk1 95% 1.389 0.1036

Liverspk2 95% 1.266 0.1132

F53347-1 0.344 0.1221

F53347-2 0.268 0.269 0.1073 83.70 22.50 500
F53347-3 0.195 0.1415

F53365-1 0.206 0.1301

F53365-2 0.289 0.216 0.1212 82.60 17.88 500
F53365-3 0.154 0.1486

F53345-1 0.261 0.1438

F53345-2 0.251 0.282 0.1499 81.34 22.96 500
F53345-3 0.335 0.1352

F53354-1 0.420 0.1120

F53354-2 0.364 0.333 0.1091 70.97 23.66 500
F53354-3 0.216 0.1272

F53403-1 0.323 0.1126

F53403-2 0.344 0.336 0.1375 70.62 23.71 500
F53403-3 0.340 0.1378

F53000-1 0.307 0.1407

F53000-2 0.272 0.293 0.1384 79.62 23.36 500
F53000-3 0.301 0.1257

F52999-1 0.243 0.1369

F52999-2 0.236 0.230 0.1040 87.51 20.13 5
F529899-3 0.211 0.1218

F53351-1 0.193 0.1419

F53351-2 0.188 0.195 0.1449 80.69 15.71 100
F53351-3 0.203 0.1210

liverspk-3  94% 1.079 0.1312

liverspk-4  89% 0.997 0.1355

liverspk-5 71% 3.467 0.1253

liver spk-6  119% 5.930 0.1215

liver spk-7  100% 4.330 0.1401
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9.11.2 Summary and raw data; analysis of liver extracts
using electrospray mass spectrometry.
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HWI# 6329-130
Dol cudluson.
w-31-25

Study: Single-Dose Dermal Absorption

Protocol Number: TP3016.AB

Test Material: T-6049 in Rabbits (FC 95)

Matrix: Liver

R Squared Value: 0.9955

Response Factor Amount: 1.27E-05

Analyst: DLC

Date: 4/3/95

Method: AMDT-M-4

Instrument: Fisons VG 2000 Electrospray MS

LABBASE File: 040395A/B

~Group Sample#  lon Count Extracted wt Dilution Concentration Totaimass  Total amount of
Dose Area g factor ng/g ** of liver FC-95 per liver
m

[Group 1: . 4

0 mg/kg F53404 N/D 1.0422 1 N/D 69.156 N/D

Distilled Water F53356 N/D 1.1273 1 N/D 73.403 N/D
F53359 N/D 1.2008 1 N/D 72.193 N/D
F53358 6571 1.0779 1 0.0618 69.308 0.004
F53405 N/D 1.2166 1 N/D 77.164 N/D
F53353 N/D 1.0734 1 N/O 75.915 N/D

Group 2:

5mg/kg * F53402 6645 1.1472 1 0.0587 76.184 0.004

' F53352 58373 1.1648 1 0.5080 81.324 0.041

F53399 N/D 1.1776 1 N/D 63.494 N/D
F53349 N/D 1.0143 1 N/D 76.006 N/D
F53364 22296 1.0258 1 0.2203 80.666 0.018

Group 3:

100 mg/kg * F53400 12849 1.3817 1 0.0943 73.828 0.007
F53360 11111 1.054 1 0.1069 74.574 0.008
F53350 18253 1.3119 1 0.1410 72.534 0.010
F53346 N/D 1.3537 1 N/D 73.666 N/D
F53397 N/D 1.2903 1 N/D 73.063 N/D

Group 4:

500 mg/kg F53403 59686 1.0511 1 0.5756 69.012 0.040
F53347 N/D 1.0447 1 N/D 83.100 N/D
F53000 34395 1.1242 1 0.3101 77.255 0.024
F53345 4623 1.2143 1 0.0386 77.250 0.003
F53365 N/D 1.0281 1 N/D 66.252 N/D
F53354 N/D 1.194 1 N/D 80.146 N/D

* Rabbits F52999 (G2) and F53351 (G3) were not analyzed

** The concentration was calculated by using the standard curve and multiplying the resuit by 4/5. The 4/5
factor is the result of a miscalculation in applying formula 8.4 in Method AMDT-M-4-0. 137 mg of liver was used in
this calculation rather than171 mg. The concentrations in the standard curve are therefore 5/4 larger than they
should be. By muiltiplying the calculated concentration in the standard curve by 4/5, the correct result is obtained.
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1.0 SUMMARY

Rabbit serum and liver were analyzed for fluorine content at various times after
rabbits were dosed intravenously with a single dose of FC-95 (T-6049). The fluorine
in liver was detected after a single dose of 100 mg/kg (60 ug/kg FC-95) or after

500 mg/kg (300 ug/kg FC-95). The liver fluoride ion concentration in the Group 5
animal (300 ug/kg), at 48 hours post dose was 1.0 ppm and for the rabbit dosed with
60 ug/kg the concentration was about 0.4 ppm. The presence of
perfluorooctanesulfonate was confirmed with electrospray mass spectrometry.

The method would probably be able to detect a dose somewhere between 10 and

60 ug/kg. Analysis of fluorine at 28 days in liver and serum will likely provide a
marker for dermal absorption for dermally applied fluorochemicals that are
biotransformed to perfluorooctanesulfonate anion. The data agree with a second
pharmacokinetic study of FC-95 which was carried out to 28 days with more animals

(HWI#6329-159).

2.0 INTRODUCTION

This study was designed to provide information as to whether the perfluoro-
octanesulfonate anion does go to the liver and other tissues when the material is
administered in an intravenous dose, and to ascertain the change in concentration

with time after dose in serum and liver.

It is known from studies done previously with rats that the half-life of perfluoro-
octanesulfonate anion is quite long (>1 month). It was expected that the half-life in
rabbits would also be long. Perfluorooctanesulfonate anion is a likely biotrans-
formation product of several fluorochemicals that are to be tested for dermal
absorption in other studies. The pharmacokinetics of the perfluorooctanesulfonate
anion is very relevant to these dermal absorption studies.

3.0 TEST MATERIALS

3.1 Test, Control, and Reference Substances and Matrices
3.1.1 Analytical Reference Substance: FC-95, lot 161 or 171. They are

equivalent.
3.1.2 Analytical Reference Matrix: Bovine liver and bovine serum

3.1.3 Analytical Control Substance: None
3.1.4 Analytical Control Matrix: Bovine liver and bovine serum
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3.2 Source of Materials: 3M ICP/PCP Division for FC-95, bovine liver from
grocery store, bovine serum from Sigma Chemical Company

3.3. Purity and Strength of Reference Substance: Responsibility of Sponsor.
3.4 Stability of Reference Substance: To be determined by Sponsor.

3.5 Storage Conditions for Test Materials: Room temperature for FC-95.
For biological samples the storage is -20+10° C.

3.6 Disposition of Specimens: Biological tissues and fluids will be retained per
GLP Regulation for the time period required for studies longer than 28 days.

4.0 EXPERIMENTAL-Overview

Serum and tissues from animals dosed as described (HWI#6329-129), were available
for analysis for fluorine compounds. Since perfluorooctanesulfonate anion is not
biotransformed, the analysis was accomplished with combustion and subsequent
analysis for fluorine. The fluorine data are related directly to perfluorooctane-
sulfonate concentration. The fluorine analysis of serum collected at different time
intervals after dosing provides data which can be interpreted pharmacokinetically.

3.0 EXPERIMENTAL - Methods

3.1 AMDT-M-1-0, Thermal Extraction of Fluoride by Means of a Modified
Dohrmann DX2000 Organic Halide Analyzer-Liver

5.2 AMDT-M-2-0, Fluoride Measurement by Means of an Orion EA940
Expandable Ion Analyzer

5.3 AMDT-M-4-0, Extraction of Fluorochemicals from Rabbit Liver

5.4 AMDT-M-5-0, Analysis of Rabbit Liver Extract for F luorochemiéals Using
Electrospray Mass Spectrometry

3.5 AMDT-M-14-0, Thermal Extraction of Fluoride by Means of a Modified
Dohrmann DX2000 Organic Halide Analyzer-Serum
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6.0 DATA ANALYSIS

The material T-6049 was a solution of FC-95 diluted to 0.06% in water. The doses
of 5, 10, 100, and 500 mg/kg are thus 3, 6, 60, and 300 ug/kg. These are very low
doses.

The liver fluoride ion concentration in the Group 5 animal (300 ug/kg), at 48 hours
post dose was 1.0 ppm and for the rabbit dosed with 60 ug/kg the concentration was
about 0.4 ppm. The control rabbit, the 5 mg/kg rabbit, and the 10 mg/kg rabbit
concentrations were not above the practical limit of quantitation.

For livers of tl;e two highest doses using analysis by electrospray mass spectrometry,
the perfluorooctanesulfonate was detectable and the estimated amounts for the 100
and 500 mg/kg rabbits were 0.3 and 0.6 ppm, respectively.

These data show that perfluorooctanesulfonate will be a very sensitive marker for
dermal absorption tests of FC-95 and for any fluorochemicals that are
biotransformed to perfluorooctanesulfonate. The fact that the material can be
observed in liver after a 60 ug/kg dose is suggestive that a very large portion of the
dose will be in liver if the material is present systemically.

Other data was collected on serum samples using thermal extraction of fluoride by
means of a modified Dohrmann organic halide analyzer and fluoride measurement
by means of a Orion expandable ion analyzer (see appendices). This data, although
supportive, in the opinion of the Study Director is not required to reach the
conclusion stated here and therefore is not discussed in detail.

6.1 Circumstances That May Affect the Quality of the Data: These values for
concentration are from combustion analyses of the biological material. The
recoveries are based on spiking the biological material with known amounts of
FC-95. The fluorine is measured by selective ion electrode and the Orion meter is
calibrated over a 5 point range. However, if there is a different response at different
concentrations of FC-95 other than the point used as a calibration check, there could
be a bias at those concentrations even though the amount of fluorine is being
measured accurately. This can come from other variables in the method such as the
efficiency of combustion. Thus, the values reported for concentration are not
absolute values. The values are certainly sufficient to make the point that the
perfluorooctanesulfonate anion is present at 48 hours in liver.
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7.0 CONCLUSION

The method would probably be able to detect a dose somewhere between 10 and
60 ug/kg. Analysis of fluorine at 28 days in liver and serum will likely provide a
marker for dermal absorption for dermally applied fluorochemicals that are
biotransformed to perfluorooctanesulfonate anion. The data agree with a second
pharmacokinetic study of FC-95 which was carried out to 28 days with more animals

(HWI#6329-159).
8.0 MAINTENANCE OF RAW DATA AND RECORDS

8.1 Raw Data and Data: Raw data, approved protocol, approved final report,
appropriate specimens, and electronic data will be maintained in the AMDT

Archives.

9.0 APPENDICES

9.1 Protocol and Amendments
9.1.1 Protocol and Final Report: HWI#6329-129 “Single Dose Intravenous
Pharmacokinetic Study of T-6049 in Rabbits™ (Protocol type TP8084.PK for
dosing of animals, tissue collection, etc.)
9.1.2 Analytical protocol AMDT-112294.1 including methods.

9.2 Signed Reports from Individual Scientists: None

9.3 Quality Assurance Unit Statement: See attached

9.4 Key Personnel Involved in the Study: See attached

9.5 Materials and Equipment: See methods

9.6 Solutions, Reagents, and Standards: See methods

9.7 Sample Preparation: See methods

9.8 Quality Control Practices: See methods

9.9 Test Methods: See Protocol AMDT-112294.1

9.10 Instrument Settings: See methods
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9.11 Data: See attached:

9.11.1 Summary and raw data; ug F" in whole liver as determined by thermal
extraction followed by analysis using Orion ion analyzer. -

9.11.2 Summary and raw data; analysis of liver extracts using electrospray
mass spectrometry.

9.11.3 Summary and raw data; ppm F’ in serum as determined by thermal
extraction followed by analysis using Orion ion analyzer.
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9.1.1 Protocol and Final Report: HWI#6329-129
“Single Dose Intravenous Pharmacokinetic Study of
T-6049 in Rabbits” (Protocol type TP8084.PK for
dosing of animals, tissue collection, etc.)
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. HWI 6329-129
QUALITY ASSURANCE STATEMENT

This report has been reviewed by the Quality Assurance Unit of Hazleton
Wisconsin, Inc., in accordance with the Food and Drug Administration
(FDA) Good Laboratory Practice Regulations, 21 CFR 58.35 (b) (6) (7).
The following inspections were conducted and findings reported to the
Study Director and management. Written.status reports of inspections
and findings are issued to Hazleton management monthly according to

standard operating procedures.

Date
Inspection Dates Reported to Date to
From To Phase Study Director Management
11/06/94 11/06/94 Protocol Review 11/08/94 12/10/94
11/16/94 11/16/94 Animal Observation 11/16/94 12/10/94
01/10/95 01/10/95 Data/Report Review 01/10/95 02/10/95
01/30/95 01/30/95 Report Rereview 01/30/95 02/10/95

‘%:'4‘4 e S /%;4 o/ 2/, /75
ilia M. Danner Date

Representative, Quality Assurance Unit

000009




Page 3 of 24

HWI 6329-129

STUDY IDENTIFICATION

Single-Dose Intravenous Pharmacokinetic
Study of T-6049 in Rabbits

Test Material

Sponsor

Sponsor’s Representative

Study Director

Study Location

Study Timetable
Experimental Start Date
Experimental Termination Date

T-6049

3M

Toxicology Services
220-2E-02 3M Center
St. Paul, MN 55144

John L. Butenhoff, PhD
3M

Toxicology Services
220-2E-02 3M Center
St. Paul, MN 55144
(612) 733-1962

Steven M. Glaza
Hazleton Wisconsin, Inc.
P.0. Box 7545

Madison, WI 53707-7545
(608) 241-7292

Hazleton Wisconsin, Inc.
Building No. 3

3802 Packers Avenue
Madison, WI 53704

November 15, 1994
November 17, 1994

000010

o s
RS

I Safe s REEED HE R



Acute Toxicology

Steven M. Glaza
Study Director
Manager

Francis (Bud) W. McDonald
Study Coordinator

Patricia Padgham
In-1ife Supervisor

Rose M. Bridge
Report Supervisor

Qua]itz Assurance

Sherry R. W. Petsel
Manager

Page 4 of 24

KEY PERSONNEL

HWI 6329-129

Laboratory Animal Medicine

Cindy J. Cary, DVM
Diplomate, ACLAM
Supervisor

Anatomical Pathology

Jack Serfort/
Deborah L. Pirkel
Supervisors
Necropsy

Anne Mosher

Supervisor
Pathology Data

000011



Page 5 of 24

HWI 6329-129

CONTENTS
Page
Quality Assurance Statement 2
Study Identification 3
Key Personnel 4
Summary 6
Objective 7
Regulatory Compliance 7
Test and Control Materials 7
Test System 8
Procedures 9
Results 11
Discussion 11
Signature 11
Reference 11
Table
1 Individual Body Weights (g) 12
2 Individual Clinical Signs 13
Appendix A 14
Protocol TP8084.PK 15

00001<



Page 6 of 24
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SUMMARY

This study was done to assess the level of systemic exposure of T-6049 when
administered by intravenous injection to rabbits.

Female Hra:(NZW)SPF rabbits were assigned at random to five groups
(one/group). On Day 0, the animals received a single intravenous injection of
the vehicle (sterile water for injection) or 5, 10, 100, or 500 mg of
T-6049/kg of body weight (Groups 1 through 5, respectively). The dose volume
was 0.5 mL/kg for all groups.

Clinical observations were conducted at approximately 0.5, 2, 4, 24, and

48 hours after intravenous injection. Body weights were determined just
before test material administration (Day 0). A blood sample (approximately

4 mL) was collected from an auricular artery or marginal ear vein of the
animals at 2-, 4-, 6-, 8-, 12-, and 24-hours post-injection. In addition, at
the time of experimental termination (48-hours post-injection), approximately
20 mL of blood was obtained from each animal. All samples were centrifuged,
separated into serum and cellular fractions, and sent to the Sponsor.
Approximately 48 hours post-injection, the animals were anesthetized with
sodium pentobarbital, bled via the posterior vena cava, and exsanguinated. An
abbreviated gross necropsy examination was not done, however, tissues were
collected. The whole liver, bile, and both kidneys from each animal were
collected and sent frozen to the Sponsor after termination of the in-life

phase.

The animals treated with sterile water for injection, 5 mg T-6049/kg, and

10 mg T-6049/kg appeared normal throughout the study. At the 0.5, 2, and

4 hour post-dose observation, the animal treated with 100 mg T-6049/kg
appeared hypoactive and the animal treated with 500 mg T-6049/kg exhibited a
staggered gait. In addition, the animal treated with 500 mg/kg showed a
decrease in food consumption at the 48-hour post-dose observation.
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OBJECTIVE

:The objective of this study was to assess the level of systemic exposure to
the test material, T-6049, when administered as a single intravenous injection

to rabbits.

REGULATORY COMPLIANCE

This study was conducted in accordance with the U.S. Food and Drug
Administration’s Good Laboratory Practice Regulations for Nonclinical
Laboratory Studies, 21 CFR 58, with the exception that analysis of the test
mixtures for concentration, homogeneity/solubility, and stability was not
conducted. A1l procedures used in this study were in compliance with the
Animal Welfare Act Regulations. In the opinion of the Sponsor and study
director, the study did not unnecessarily duplicate any previous work.

TEST AND CONTROL MATERIALS

Identification

The test material was identified as T-6049 and described as a clear, colorless
liquid. The control material was Sterile Water for Injection, USP {Abbott
Laboratories, Lot No. 86-748-DM-02; Exp. March 1, 1996), and was described as
a clear, colorless liquid.

Purity and Stability

The Sponsor assumes responsibility for test material purity and stability
determinations (including under test conditions). A sample of the test
material/vehicle mixtures for concentration, solubility, homogeneity, and
stability analyses was not taken before administration as this was not
requested by the Sponsor. The purity and stability of the USP grade control
material were considered to be adequate for the purposes of this study.

Storage and Retention

The test material was stored at room temperature. The control material was
stored refrigerated. Any unused test material will be returned to the Sponsor
after completion of all testing according to Hazleton Wisconsin (HWI) Standard
Operating Procedure (SOP). Any remaining vehicle may be used for other
testing and will not be discarded after issuance of the final report.
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Safety Precautions

The test and control material handling procedures were according to HWI SOPs
and policies.

TEST SYSTEM

Test Animal

Adult albino rabbits of the Hra:(NZW)SPF strain were received from HRP, Inc.,
Kalamazoo, Michigan on October 19, 1994 and maintained at the Hazleton
Wisconsin facility at 3802 Packers Avenue, Madison, Wisconsin.

Housing

After receipt, the animals were acclimated for a period of at least 7 days.
During acclimation and throughout the study, the animals were individually
housed in screen-bottom stainless steel cages in temperature- and humidity-
controlled quarters. Environmental controls for the animal room were set to
maintain.a temperature of 19° to 23°C, a relative humidity of 50% +20%, and a
12-hour 1ight/12-hour dark lighting cycle. In cases where variations from the
required temperature and humidity conditions existed, they were documented and
considered to have had no adverse effect on the study outcome. Animal
husbandry and housing at HWI complied with standards outlined in the "Guide
for the Care and Use of Laboratory Animals".

Animal Diet

The animals were provided access to water ad 17bitum and a measured amount of
Laboratory Rabbit Diet HF #5326, PMI Feeds, Inc. The feed is routinely
analyzed by the manufacturer for nutritional components and environmental
contaminants. Samples of the water are periodically analyzed by HWI. There
were no known contaminants in the feed or water at levels that would have
interfered with or affected the results of the study.

Selection of Test Animals

The animals were identified by animal number and corresponding ear tag and
were selected at random based on health and body weight requirements.
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Study Design

Female animals weighing from 2,587 to 2,857 g at initiation of treatment were
placed into the following study groups:

Dose Level Dose Volume Number
Group Treatment (mg T-6049/kq) (mL/kg) of Animals
1 (Control) * 0 0.5 1
2 T-6049 5 0.5 1
3 T-6049 - 10 0.5 1
4 T-6049 100 0.5 1
5 T-6049 500 0.5 1

* Sterile Water for Injection, USP.

Justification for Species Selection

Historically, the New Zealand White albino rabbit has been the animal of
choice because of the large amount of background information on this species.

PROCEDURES

Dose Preparation and Administration

The test material was diluted with Sterile Water for Injection to achieve a
specific concentration for each dose level in Groups 2 through 4. The test
material was administered undiluted at the 500 mg/kg dose level, using the
bulk density of 0.98 g/mL to determine the dose volume. An individual dose of
each respective test solution or control was calculated for each animal based
on its body weight on the day of treatment. The respective test solution was
administered by intravenous injection into a marginal ear vein. The dose was
given as a slow push (approximately 30 to 60 seconds in duration). The
prepared test solutions were stored at room temperature until administered.
After administration, any remaining test solutions were discarded.

Reason_for Route of Administration

Intravenous injection is an acceptable route to assess systemic exposure.

Observations of Animals

Clinical observations were conducted at approximately 0.5, 2, 4, 24, and
48 hours after intravenous injection.

Body weights were determined just before test material administration (Day 0).
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Sample Collection

A blood sample (approximately 4 mL) was collected from either ear via the
catheterization of the auricular artery or from the marginal ear vein of all
animals at 2, 4, 6, 8, 12, and 24 hours post-injection. At the time of
necropsy (approximately 48-hours post-injection), approximately 20 mL of blood
was obtained from the posterior vena cava of each animal. A1l samples were
stored at room temperature until centrifuged and separated into serum and
cellular fractions. The blood samples were then stored in a freezer set to
maintain a temperature of -20°C $10°C until shipped to the Sponsor.

Pathology

At termination of the experimental phase (approximately 48-hours
post-injection), animals were anesthetized with sodium pentobarbital, bled via
the posterior vena cava, and exsanguinated. An abbreviated gross necropsy
examination was not conducted, however, tissues were collected. The whole
liver, bile, and both kidneys from each animal were collected and immediately
placed on dry ice, then frozen by placing in a freezer set to maintain a
temperature of -20°C $10°C. After tissue/bile collection, the animals were

discarded.

Shipment of Tissues

After completion of the in-life phase the blood samples, livers, bile, and
kidneys were sent frozen (on dry ice) to the Sponsor (James D. Johnson, 3M
E.E. & P.C., Bldg. 2-3E-09, 935 Bush Avenue, St. Paul, MN, 55106). The
Sponsor is responsible for the retention and disposition of the samples.
HWI does not accept any responsibility for the analysis of the samples
collected in this study nor are these results presented in this report.

Statistical Analyses

No statistical analyses were required by the protocol.

Location of Raw Data, Records, and Final Report

The raw data, records, and an original signed copy of the final report will be
retained in the archives of HWI in accordance with HWI SOP.
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HWI 6329-129
RESULTS

Body Weights

Individual body weights at initiation are in Table 1.

Clinical Observations

Individual clinical signs are in Table 2. The animals treated with sterile
- water for injection, 5 mg T-6049/kg, and 10 mg T-6049/kg appeared normal
throughout the study. At the 0.5, 2, and 4 hour post-dose observation, the
animal treated with 100 mg T-60439/kg appeared hypoactive and the animal
treated with 500 mg T-6049/kg exhibited a staggered gait. In addition, the
animal treated with 500 mg/kg showed a decrease in food consumption at the
48-hour post-dose observation.

Pathology

A1l animals survived to termination of the experimental phase and were not
examined grossly when sacrificed.

DISCUSSION

The level of systemic exposure of T-6049 was evaluated in female albino
rabbits when administered as a single intravenous injection at levels of 0, 5,
10, 100, and 500 mg/kg. Administration of this material resulted in
hypoactivity at the 100 mg/kg dose level, and staggered gait and a decrease in
food consumption at the 500 mg/kg dose level.

SIGNATURE
\Ixx\ AN\ N& 24y
Steven M. Glaza Date
Study Director
Acute Toxicology
REFERENCE

1. NIH Publication No. 86-23 (revised 1985).
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Table 1
Individual Body Weights (g)
Dose
Level Animal
(ma/kg) Sex Number

0 Female F52652
5 Female F52653
10 Female F52654
100 Female F52665
500 Female F52666

Day 0
2,634
2,587
2,620
2,857
2,794

HWI 6329-129
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Dose
Level
Group (mg/kq) Sex
0] Female
5 Female
10 Female
100 Female
500 Female

/

1

Individual Clinical Signs

Animal
Number
F52652
F52653

F52654

F52665

F52666

Indicates condition exists.

Not applicable.

Page 13 of 24

Table 2

Observation

HWI 6329-129

Appeared normal
Appeared normal
Appeared normal

Appeared normal
Hypoactivity

Appeared normal

Staggered gait

Decreased food
consumption

Hour

0.5 4 24 48
v/ v/ 7/

7/ S oo/ v/

/ 7/ 7/ v/

- - v/ v/

J - -

- - J -

v/ / - -

- - - v/
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APPENDIX A
Protocol TP8084.PK
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TP8084 . PK
Page 2

STUDY IDENTIFICATION

Single-Dose Intravenous Pharmacokinetic Study
of T-6049 in Rabbits

HWI No.
Test Material

Sponsor

Sponsor’s Representative

Study Director

Study Location

Proposed Study Timetable
Experimental Start Date
Experimental Termination Date
Draft Report Date

6329-129
T-6049

3M

Toxicology Services
220-2E-02 3M Center
St. Paul, MN 55144

John L. Butenhoff, PhD
3M

Toxicology Services
220-2E-02 3M Center
St. Paul, MN 55144
(612) 733-1962

Steven M. Glaza
Hazleton Wisconsin, Inc.
P.0. Box 7545

Madison, WI 53707-7545
(608) 241-7292

Hazleton Wisconsin, Inc.
Building No. 3

3802 Packers Avenue
Madison, WI 53704

Week of November 14, 1994
Week of November 14, 1994
Week of December 19, 1994
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TP8084 . PK
Page 3
Study
Single-Dose Intravenous Pharmacokinetic Study in Rabbits
Purpose

To assess the level of systemic exposure when the test materia) is
administered as a single intravenous injection to rabbits

Requlatory Compliance
nce with the fo

This study will be conducted in accorda Tlowing Good
Laboratory Practice Regulations/Standards/Guidelines with the
exception that analysis of the test materjal mixtures for
congentrstion, solubility, homogeneity, and stability will not be
conducted:

[ ] Conduct as a Nonregulated Study

[X] 21 CFR 58 (FDA)

[ ] 40 CFR 160 (EPA-FIFRA)

[ 1 40 CFR 792 (EPA-TSCA)

[ ] C(81)30 (Final) (OECD)

[ ] 59 Nohsan No. 3850 (Japanese MAFF)

[ ] Notification No. 313 (Japanese MOHW)

A11 procedures in this protocol are in compliance with the Anima)
Welfare Act Regulations. In the opinion of the Sponsor and study
director, the study does not unnecessarily duplicate any previous

work.

Quality Assurance

The protocol, study conduct, and the final report wili Be audited by
the Quality Assurance Unit in accordance with Hazleton Wisconsin
(HWI) Standard Operating Procedures (SOPs) and policies.

Test Material

A. Identification
T-6049

B. Physical Description

(To be documented in the raw data)

C. Purity and Stability

The Sponsor assumes responsibility for purity and stability
determinations (including under test conditions). Samples of
test material/vehicle mixture(s) for concentration, solubility,
homogeneity, and stability analyses will be taken before
administration if requested by the Sponsor. These samples (if
taken) will be sent to the Sponsor after experimental
termination for possible analysis.
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TP8084.PK
Page 4

Storage
Room temperature

Reserve Samples

Reserve samples will not be required for this study.

Retention
Any unused test material will be discarded after issuance of
the final report, unless directed otherwise by the Sponsor.

Safety Precautions
As required by HWI SOPs and policies

Control Material

A.

Identification

Sterile water for injection

Physical Descriptio

Clear, colorless liquid

Purity and Stability
The purity and stability of this USP grade material is

considered to be adequate for the purposes of this study.

Storage
Refrigerated

Reserve Samples
See Section, 5. E. Reserve Samples

Retention
Any remaining control material may be used for other testing
and will not be discarded after issuance of the final report.

Safety Precautions
As required by HWI SOPs and policies

Experimental Design

A.

Animals

(1) Species
Rabbit

(2) Strain/Source
Hra: (NZW)SPF/HRP, Inc.

(3) Aqe at Initiation
Adult
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(4)
(5)
(6)

(7)

(8)

(9)
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TP8084.PK
Page 5

Weight at Initiatio

2.5 to 3.5 kg

Number and Sex
5 females

Identification
Individual numbered ear tag

Husbandry

(a) Housing
Individually, in screen-bottom stainless steel cages
(heavy gauge)

(b) Food
A measured amount of Laboratory Rabbit Diet HF #5326
(PMI Feeds, Inc.). The food is routinely analyzed by
the manufacturer for nutritional components and
environmental contaminants. -

(c) MNater
Ad 1ibitum from an automatic system. Samples of the
water are analyzed by HWI for total dissolved solids,
hardness, and specified microbiological content and
for selected elements, heavy metals, :
organophasphates, and chlorinated hydrocarbons.

(d) Contaminants
There are no known contaminants in the food or water
that would interfere with this study.

(e) Environment
Environmental controls for the animal room will be
set to maintain a temperature of 19°C to 23°C, a
relative humidity of 50% +20%, and a 12-hour
light/12-hour dark cycle.

(f) Acclimation
At least 7 days

Selection of Test Animals

Based on health and body weight according to HWI SOPs. An
adequate number of extra animals will be purchased so that
no animal in obviously poor health is placed on test.

Justification for Species Selection

Historically, the New Zealand White albino rabbit has been
the animal of choice because of the large amount of
background information on this species.
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TP8084.PK
Page 6
B. Dose Administration
(1) Test Groups
Dose Level Number of
Group (ma/kq)* Females

1 0 (Control) 1

2 5 1

3 10 1

4 100 1

5 500 1

~

The dose volume will be 0.5 ml/kg for

Groups 1-4 and approximately 0.5 mL/kg of body
weight (depending on the bulk density of the
test material) for Group 5.

C. Dosing Procedures

(1) Dosing Route
Intravenous injection into a marginal ear vein over

approximately 30 to 60 seconds.
(2) Reason for Dosing Route

Intravenous injection is an acceptable route to assess
systemic exposure.

(3) Dosing Duration
Single dose

(4) Dose Preparation

The test material will be diluted with sterile water for
injection to achieve a specific concentration for each
dose level in Groups 1-4. The test material will be
administered undiluted at the 500 mg/kg dose level, using
the bulk density to determine the dose volume. Individual
doses will be calculated based on the animal’s body weight
taken just before test material administration. The
prepared test mixtures will be stored at room temperature
until administration.

D. Observation of Animals

(1) Clinical Observations
The animals will be observed for clinical signs of
toxicity at approximately 0.5, 2.0, 4.0, 24, and 48 hours
after treatment.
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(3)
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TP8084.PK
Page 7

Body Weights

Just before test material administration.

Sample Collections

(a) Erequency
2, 4, 6, 8, 12, 24, and 48 hours post-injection

(b) Number of Anima
All

(c) Method of Collection
Blood samples (approximately 4 mL) will be collected

from either ear via the catheterization of the
auricular artery or from the marginal ear vein at 2,
4, 6, 8, 12, and 24 hours post-injection.
Approximately 20 mL of blood (actual volume to be
documented in the raw data) will be obtained from the
posterior vena cava of each animal at the time of
necropsy (48 hours post-injection). Approximately

20 mL of blood will be collected from moribund
animals during the study, also, if possible. The
samples will be stored at room temperature and then
centrifuged, and the separate serum and cellular
fractions stored in a freezer set to maintain a
temperature of -20°C $10°C. The separated serum and
cellular fractions will be sent frozen to the Sponsor
after experimental termination.

Samples will be shipped to:

James D. Johnson
3M E.E. & P.C.
Bldg. 2-3E-09

935 Bush Avenue

St. Paul, MN 55106

James D. Johnson will be notified by telephone at
(612) 778-5294 prior to the shipment of the samples.

E. Termination

(1)

Unscheduled Sacrifices and Deaths

Any animal dying during the study or sacrificed in a
moribund condition, will be subjected to an abbreviated
gross necropsy examination and all abnormalities will be
recorded. Animals in a moribund condition will be
anesthetized with sodium pentobarbital, bled via the vena
cava, and exsanguinated.
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TP8084.PK
Page 8

(2) Scheduled Sacrifice

At approximately 48 hours post-injection, animals
surviving to termination will be anesthetized with sodium
pentobarbital, bled via the vena cava, and exsanguinated.
An abbreviated gross necropsy examination will not be
done, however, tissues will be collected.

(a) Sample Collection

The whole liver and bile from each animal dying
during the study, sacrificed in a moribund condition,
or surviving to termination will be collected. Both
kidneys from each animal will also be collected. The
tissues will be placed on dry ice immediately after
collection and then placed in a freezer set to
maintain a temperature of -20°C +10°C.

The tissues (liver, bile, kidneys) will be sent
frozen on dry ice to the Sponsor after experimental
termination. The samples will be shipped to the
person listed in Section 7.D.(3).(c). The Sponsor is
responsible for the retention and disposition of the
samples.

F. Statist Analyse

No statistical analyses are required.

. Report
- A final report including those items 1isted below will be submitted.

Description of the test and control materials

Description of the test system

Procedures

Dates of experimental initiation and termination

Description of any toxic effects

Gross pathology findings/gross pathology report (if applicable)
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ation of Ra Records, and Final Repor
Original data, or copies thereof, will be available at HWI to
facilitate auditing the study during its progress and before
acceptance of the final report. When the final report is completed,
all original paper data, including those item 1isted below will be
retained in the archives of HWI according to HWI SOP.

Protocol and protocol amendments
Dose preparation records
In-1ife records
Body weights
Dose administration
Observations
Sample collection records
Pathology records
Study correspondence
Final report (original signed copy)

The following supporting records will be retained at HWI but will
not be archived with the study data.

Animal receipt/acclimation records

Water analysis records -

Animal room temperature and humidity records

Refrigerator and freezer temperature records

Instrument calibration and maintenance records
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PROTOCOL APPROVAL

Golbar 2
John L. Butenhoff, PhD r
Sponsor s Representative

\me\\i\%

Steven M. Glaza

Study Director

Acute Toxicology
Hazleton Wisconsin, Inc.

Quality Assurance Unit
Hazleton Wisconsin, Inc.

(6329-129.protdskl)

TP8084.PK
Page 10
11- 1 §-9«
Date
WA
Date
1 / 2 / 2+
Date
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9.1.2 Analytical protocol AMDT-112294.1

000032



3M Environmental Laboratory

Protocol - Analytical Study

Single-dose Intravenous Pharmacokinetic Study of T-6049 in Rabbits
In-Vivo Study Reference Number: HWI#6329-129

Study Number: AMDT-112294.1
Test Substance: FC-95 (T-6049)

Name and Address of Sponsor: 3M SCD Division
367 Grove Street
St. Paul, MN 55106

Name and Address of Testing Facility:
3M Environmental Technology and Services

935 Bush Avenue
St. Paul, MN 55106

Proposed Initiation Date: July 25, 1995
Proposed Completion Date: August 25,1995

Method Numbers and Revisions:
AMDT-M-1-0, Thermal Extraction of Fluoride by Means of a Modified

Dohrmann DX2000 Organic Halide Analyzer-Liver
AMDT-M-2-0, Fluoride Measurement by Means of an Orion EA940 Expandable
Ion Analyzer
AMDT-M-4-0, Extraction of Fluorochemicals from Rabbit Liver
AMDT-M-5-0, Analysis of Rabbit Liver Extract for Fluorochemicals Using
Electrospray Mass Spectrometry
AMDT-M-14-0, Thermal Extraction of Fluoride by Means of a Modified
Dohrmann DX2000 Organic Halide Analyzer-Serum

Author: James D. Johnson

Approved By:
[ s P R B o

_Johnson Date John Butenhoff, PhD Date
irector Sponsor Representative
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1.0 PURPOSE

This study is designed to provide information as to whether the
perfluorooctanesulfonate anion does go to the rabbit liver and other tissues when the
material is administered in an intravenous dose, and to ascertain the change in
concentration with time after dose in serum and liver. These data will be used to
interpret dermal absorption studies where perfluorooctanesulfonate is directly
applied or is present as a biotransformation product. The persistence of
perfluorooctanesulfonate as a marker in liver and serum or possibly other tissues is a
critical part for the interpretation of these dermal studies.

2.0 TEST MATE S

2.1 Test, Control, and Reference Substances and Matrices

2.1.1 Analytical Reference Substance: FC-95, lot 161 or 171. They are

equivalent.
2.1.2 Analytical Reference Matrix: Bovine liver and bovine serum

2.1.3 Analytical Control Substance: None
2.1.4 Analytical Control Matrix: Bovine liver and bovine serum

2.2 Source of Materials: 3M ICP/PCP Division (2.1.1), grocery store (2.1.2, 2.1.4
liver), Sigma Chemical Company (2.1.2, 2.1.4 serum)

2.3 Number of Test and Control Samples: Liver and serum from 4 test animals
and 1 control animal. Other biological tissues (kidney, bile, cellular fraction) will
be available for analysis if deemed appropriate by the Study Director.

2.4 Identification of Test and Control Samples: The samples are identified using
the HWI animal identification number which consists of a letter and five digit
number, plus the tissue identity and day identity (serum).

2.5 Purity and Strength of Reference Substance: To be determined by Sponsor.
2.6 Stability of Reference Substance: To be determined by Sponsor.

2.7 Storage Conditions for Test Materials: Room temperature (2.1.1),
20 + 10°C (2.1.2, 2.1.4). Test and Control samples will be received according to

AMDT-S-10-0.
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2.8 Disposition of Specimens: Biological tissues and fluids will be retained per
GLP Regulation for the time period required for studies longer than 28 days. This
study is in parallel with a 28 day dermal absorption study so all tissues will be
retained. :

2.9 Safety Precautions: Refer to appropriate MSDS. Wear appropriate laboratory
attire. Use caution when handling knives for cutting the samples.

3.0 EXPERIMENTAL - Overview

The tissues from animals dosed as described (HWI1#6329-129), are available for
analysis for fluorine compounds. At the discretion of the Study Director, a series of
analytical tests can be performed. The screening for fluoride in liver via combustion
(See Methods--next Section) is the appropriate analysis to present definitive data for
fluorine in the liver. For these analyses, bovine liver appears to be a good
approximation to rabbit liver for matrix spikes and recovery determinations. Since
perfluorooctanesulfonate anion is not biotransformed, fluorine content will be an
accurate estimate of the concentration of the compound.

4.0 EXPERIMENTAL - Methods

4.1 Liver and Serum screening methods: (attached)

4.1.1 AMDT-M-1-0, Thermal Extraction of Fluoride by Means of a Modified
Dohrmann DX2000 Organic Halide Analyzer-Liver

4.1.2 AMDT-M-2-0, Fluoride Measurement by Means of an Orion EA940
Expandable Ion Analyzer

4.1.3 AMDT-M-4-0, Extraction of Fluorochemicals from Rabbit Liver

4.1.4 AMDT-M-5-0, Analysis of Rabbit Liver Extract for Fluorochemicals
Using Electrospray Mass Spectrometry

4.1.5 AMDT-M-14-0, Thermal Extraction of Fluoride by Means of a
Modified Dohrmann DX2000 Organic Halide Analyzer-Serum
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S.0 DATA ANALYSIS

5.1 Data Reporting: Data will be reported as a concentration (weight/weight) of
fluoride per tissue or fluid, or as FC-95 per tissue or fluid. Half-life of
disappearance from serum will be determined from the linear regression of the
averages of the concentrations at different time points for the post distribution part
of the serum concentration versus time curve.

6.0 MAINTENANCE OF RAW DATAANDRECORDS ===

6.1 Raw Data and Records: Raw data, approved protocol, appropriate specimens,
approved final report, and electronic data will be maintained in the AMDT Archives.

7.0 REFERENCES

7.1 AMDT-S-10-0, Sample Tracking System

8.0 ATTACHMENTS

8.1 AMDT-M-1-0, Thermal Extraction of Fluoride by Means of a Modified
Dohrmann DX2000 Organic Halide Analyzer-Liver -

8.2 AMDT-M-2-0, Fluoride Measurement by Means of an Orion EA940
Expandable Ion Analyzer

8.3 AMDT-M-4-0, Extraction of Fluorochemicals from Rabbit Liver

8.4 AMDT-M-5-0, Analysis of Rabbit Liver Extract for Fluorochemicals Using
Electrospray Mass Spectrometry

8.5 AMDT-M-14-0, Thermal Extraction of Fluoride by Means of a Modified
Dohrmann DX2000 Organic Halide Analyzer-Serum
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3M Environmental Laboratory

Method

Thermal Extraction of Fluoride by Means of a Modified Dohrmann DX2000
Organic Halide Analyzer - Liver

Method Identification Number: AMDT-M-1 Adoption Date: /o- -9

Revision Number: 0 Revision Date: None

Author: Rich Youngblom

Approved by:

@ Q'N/W /0/3/75

foup Lead / "Date
_ L

é;'/%hw [2- -5

Quality Assurance Date

Software: MS Word 5.1a

Affected Documents: AMDT-M-2 Fluoride Measurement by Means of an Orion EA940
Expandable Ion Analyzer
AMDT-EP-3 Routine Maintenance of a Modified Dohrmann DX2000

Organic Halide Analyzer
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1.0 SCOPE , APPLICABLE COMPOUNDS, AND MATRICES

1.1 Scope: This method is for the operation of a Dohrmann DX2000 when it is used to extract
fluoride from various matrices. The fluoride is typically collected in TISAB solution for analysis

with an ion selective electrode.
1.2 Applicable Compounds: Fluorochemicals or other fluorinated compounds.

1.3 Matrices: Biological tissues, particularly liver.

2.0 KEYWORDS

2.1 Fluoride, fluorine, extraction, pyrolysis, ionization, ion selective electrode, Dohrmann, halide,
DX2000, fluorochemicals.

3.0 PRECAUTIONS

3.1 Glassware and exhaust gases can be extremely hot.
3.2 Glassware is fragile, broken glass may cause injuries.
3.3 Pressurized gases, proper compressed gas handling practices required.

3.4 Solvent based samples may flash, may need to allow them to dry down before starting run.
3.5 Potential biohazards due to the biological matrices. Use appropriate personal protective

equipment.
4.0 SUPPLIES AND MATERIALS

4.1 Compressed Oxygen, Hydrocarbon free, regulated to 30 PSL

4.2 Compressed Helium, High Purity Grade, regulated to 45 PSI.
4.3 Quartz glass sample boat with Teflon™ tubing, Dohrmann 890-097 or equivalent.

4.4 Quartz glass combustion tube, Reliance Glass G-9405-012 or equivalent.

4.5 Orion 940999 Total Ionic Strength Adjustment Buffer (TISAB II ) or equivalent.
4.6 Sample collection vials, HDPE.

4.7 Milli-Q™ water

4.8 Polystyrene pipettes.

4.9 Activated Charcoal, E. Merck 2005 or equivalent.

4.10 Hamilton Syringe or equivalent.

4.11 Miscellaneous laboratory glassware

3.0 EQUIPMENT

5.1 Rosemount Dohrmann DX2000 Organic Halide Analyzer, modified for fluoride extraction.

5.2 IBM compatible 386 or 486 computer.
5.3 DX2000 software, version 1.00, modified for fluoride extraction.

5.4 Excel Spreadsheet, version 5.0 or greater

6.0 INTERFERENCES

6.1 Sample size is limited to approximately 150 mg, depending on sample moisture content. This
may vary from matrix to matrix.

2
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7.0 SAMPLE HANDLING

7.1 Samples are not to be handled with bare hands. Fluoride may leach from the skin to the

sample. Use forceps or probe to transfer tissues.
7.2 Samples of liver are cut from frozen liver and placed in a tared and labeled weigh boat. Use a

clean scalpel and cutting board. The cutting board and scalpel should be cleaned with water,
methanol, or methanol-water solution after each liver is cut.

8.0 CALIBRATION AND STANDARDIZATION

8.1 Preparation of Calibration Standards

8.1.1 The standards required for each project will need to be appropriate for that individual project.

Refer to protocol for that project.
8.1.2 Typically 50-500 ppm FC-95 in methanol standards are used.
8.1.3 For rabbit liver studies, use beef liver as the matrix. Cut a piece of frozen beef liver (100 -

150 mg) and weigh it in a labeled and tared weigh boat.

8.2 Calibration - Overview

The normal calibration is the fluoride curve (AMDT-M-2). However, if an optional spiked liver
curve is required the procedure listed below is used.

8.2.1 A calibration curve for the DX2000 is generated by spiking samples with known standards

and combusting them using the same methods and matrix type as the samples to be tested.

8.2.2 Typically, three replicates of each standard and five concentrations of standards will be

spiked.

8.2.3 Standard curve will be plotted as Mass Spiked F (ug) on the x-axis and Standard Mass

Recovered F (ug) on the y-axis. Generate a regression curve and calculate the equation for the line

and the r2 value.

8.2.4 Mass Spiked F (ug) = (Amount spiked in mL) x ( Conc. of standard in ppm) x (0.6004)*
*FC-95 is 60.04% F therefore 0.6004 is the factor used to convert FC-95 to F

8.2.5 Standard Mass Recovered F (ug) = (TISAB volume in mL) x (Orion reading in ppm)

8.3 Calibration - Procedure

8.3.1 Start Up
8.3.1.1 Run 2 or more Clean Cycles when starting instrument each day. More clean cycles may

be used if the previous samples contained high concentrations of fluoride.

8.3.2 Blanks
8.3.2.1 Prepare sample using the same methods and type of matrix as the test sample.

8.3.2.2 For rabbit studies, use beef liver as the matrix. Prepare at least 3 samples of beef liver

(100 - 150 mg) for blanks. :
8.3.2.3 Put sample in Dohrmann boat. Combust each sample as described in section 9.0 and

analyze sample according to method AMDT-M-2 for the ion selective electrode analysis.

3
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8.3.2.4 For rabbit studies, the meter reading for a blank sample should be 0.03 ppm or lower
before proceeding with the calibration. Bumn samples until this limit is reached, or until in the
judgement of the operator the reading is stable with respect to historical readings (previous 48

hours).
8.3.2.5 For non-rabbit studies, the blank readings should reach a predetermined ion concentration

before proceeding with the calibration.
8.3.2.6 It may be necessary to mix approximately 50 mg of charcoal with the sample to aid

combustion.

8.3.3 Standard Curve
8.3.3.1 Weigh out at least 15 matrix samples (5 standards with 3 replicates each) in tared and

labeled weigh boats. For rabbit studies, weigh 100-150 mg beef liver samples. Record weights in
study data. Store the matrix samples on dry ice or ice packs to keep them frozen until used.
8.3.3.2 Place weighed beef liver sample in Dohrmann sample boat.

8.3.3.3 Start with the lowest standard concentration. Using a Hamilton syringe, eject a fixed
quantity of the standard on or in the matrix. For rabbit studies, use 4 uL of standard and eject it on

or in the beef liver.
8.3.3.4 Atleast 3 replicates should be used for the lowest standard concentration; more replicates

may be used at the discretion of the analyst.
8.3.3.5 Combust the sample as described in section 9.3 and analyze according to AMDT-M-2.

'8.3.3.6 Run all 15 standards. If one replicate is significantly different from the other two
replicates, run another sample for that standard. Indicate in data that the new replicate replaces the
old replicate and that the new replicate will be used to calculate the regression curve.
8.3.3.7 When all standards have been run, calculate the r2. r2 must be at least 0.95. If it is not at

least 0.95, consult with supervisor.
8.3.3.8 A new standard curve should be run when the combustion tube or sample matrix is

changed. New standard curve may also be run at the discretion of the analyst.

8.4 Storage Conditions for Standards

8.4.1 Storage requirements for standards are dependent on the individual standards used.
Typically, standards are stored at room temperature in plastic screw top bottles.
8.4.2 New FC-95 standards should be prepared at least once a month.

9.0 PROCEDURES

9.1 Typical Operating Conditions:

9.1.1 Combustion tube temperature = 950°C.
9.1.2 Oxygen and Helium flow = 50 cc/minute.
9.1.3 Vaporization/Drying time = 240 seconds.
9.1.4 Bake time = 300 seconds.

9.2 Start Up Procedure:
9.2.1 If the program is not started, start the EOX program on the PC.

9.2.2 Open the SYSTEM SETUP window.
9.2.3 Put the furnace module and the cell in the READY mode.

9.2.4 Close the SYSTEM SETUP window.

4
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9.2.5 When the oven has reached the READY temperature, run the CLEAN BOAT program

found in the CELL CHECK menu.
9.2.6 See AMDT-EP-3 for details of the Dohrmann software.

9.3 Sample Extraction Procedure:
9.3.1 Open the SAMPLE HATCH and place the sample in the BOAT. It may be necessary to

mix approximately 50 mg of charcoal with the sample to aid combustion. If this is done, charcoal
should also be mixed in while establishing the baseline and when generating the standard curve.
9.3.2 Close SAMPLE HATCH.

9.3.3 Add appropriate volume of TISAB solution or 1:1 TISAB:Milli-Q™ water mixture to a
labeled sample collection vial. Typically 0.6 mL to 15 mL are used. For rabbit studies, use 1.0 or
2.0 mL of 1:1 TISAB:Milli-Q™ water mixture.

9.3.4 Place the vial so that the tip of the COMBUSTION TUBE is in the TISAB at least 0.25
inches. Gases released during pyrolysis must bubble through the TISAB.

9.3.5 Run the EOX-SOLIDS program found in the RUN menu.

9.3.6 When the EOX program is finished, remove the collection vial from the combustion tube.
9.3.7 If undiluted TISAB was used to collect the sample, add an equal volume of Milli-Q™ water

to the TISAB to make 1:1 TISAB:Milli-Q™.
9.3.8 Rinse the end of the combustion tube with Milli-Q™ water and wipe with a KIMWIPE to

remove any TISAB remaining on the tube.

9.3.9 Open the sample hatch and remove any remaining ash from the boat. Ash can be removed
with a cotton tipped applicator or vacuumed out. It may be necessary to scrap particles off the
bottom with a spatula or other similar device. A drop of Milli-Q™ water may be added to the

boat to aid in the Clean Cycle.

9.3.10 Close the hatch.

9.3.11 Run the CLEAN BOAT program.

9.3.12 Sample is ready for analysis by ion selective electrode (AMDT-M-2).

9.4 Sample Calculations

9.4.1 Use the standard curve to calculate the sample value.

9.4.2 Sample Mass Recovered F (ug) = (TISAB vol in mL) x (Qrion reading in ppm - intercept)

(Slope)

10.0 VALIDATION

10.1 Quality Control
10.1.1 Daily Start Up Check Samples: Once the standard curve is established, each day of

analysis is started by analyzing QC samples. The QC samples are to be the same as the lowest
concentration spiked samples used to generate the standard curve. Each concentration must be
done in triplicate unless the first two replicates are within 20% of the standard curve, then a third

replicate is not necessary.

10.2 Precision and Accuracy: See method development analysis and sample analysis in
Fluoride Notebooks 2,3, and 5. Precision and accuracy varies when analyzing samples of different

matrices and different reference compounds.

10.3 Other Validation Parameters: NA

5
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11.0 DATA ANALYSIS

11.1 Calculations

11.1.1 For the standard curve, use regression analysis in Excel, version 5.0 or greater.
11.1.2 To calculate the fluoride contraction in the sample, see method AMDT-M-2.

11.2 Analyzing the Data

11.2.1 r2 must be at least 0.95 or greater. “Outliers” may be excluded if two of the three replicates
are within 20% of each other and the outlier is greater than 200% of the average of those two or
less than 50% of the average of those two. Any such outliers should be pointed out in the data and
noted in the Final Report along with the reason it was considered an outlier.

12.0 ATTACHMENTS

None

13.0 REFERENCES

13.1 Rosemount Dohrmann DX2000 Organic Halide Analyzer Operator's Manual (Manual 915-

349, revision B, December 1993)
13.2 AMDT-M-2 Fluoride Measurement by Means of an Orion EA940 Expandable Ion

Analyzer
13.3 AMDT-EP-3 Routine Maintenance of a Modified Dohrmann DX2000 Organic Halide

Analyzer

14.0 REVISIONS

Revision Revision
Number Reason for Change Date
6
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1.0 SCOPE , APPLICABLE COMPOUNDS, AND MATRICES

1.1 SCOPE: This method is for the calibration and operation of an Orion EA940 Expandable
[on Analyzer.

1.2 APPLICABLE COMPOUNDS: Fluoride.

1.3 APPLICABLE MATRICES: Liquid samples in an appropriate buffer solution. Preferred
pH of 6.0.

2.0 KEYWORDS

2.1 Fluoride, fluorine, ion selective electrode

3.0 PRECAUTIONS
3.1 No hazards identified with this method.

4.0 SUPPLIES AND MATERIALS

4.1 Orion 940999 Total Ionic Strength Adjustment Buffer II (TISABII) or equivalent.
4.2 Orion Model 900001 electrode filling solution (AgCl) or equivalent.

4.3 Orion 940907 100 ppm fluoride standard or equivalent.

4.4 Milli-Q™ water or equivalent.

4.5 Magnetic stir bars.

4.6 Lab tissues.

4.7 Sample collection vials.

4.8 Plastic 100 mL volumetric flasks.

4.9 Polystyrene pipettes.

4.10 Miscellaneous laboratory glassware.

5.0 EQUIPMENT

5.1 Orion Model EA940 Expandable Ion Analyzer or equivalent.

5.2 Orion Model 960900 Solid State Combination Fluoride electrode or equivalent.
5.3 Magnetic Stir Plate.

5.4 IBM compatible 386 or 486 computer (only needed if using Orion 3E software).
5.5 Orion RS232 interface cable (only needed if using Orion 3E software).

5.6 Microsoft Excel 5.0 (only needed if using Orion 3E software).

6.0 INTERFERENCES

6.1 It is recommended that the pH be at or near 6.0. A 1:1 mixture of TISAB and sample/Milli-

Q™ water will generally bring sample to pH of 6.0.

6.2 Sample temperature may effect fluoride measurement. It is recommended that the sample be
at room temperature as the standards were when the meter was calibrated.

6.3 The rate the samples are stirred at should be consistent with the rate the standards were stirred.

2
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6.4 Air bubbles trapped under electrode can give erroneous readings. Make sure no air is trapped
under electrode.

7.0 SAMPLE HANDLING

7.1 No special handling necessary.

8.0 CALIBRATION AND STANDARDIZATION

8.1 Preparation of Calibration Standards

8.1.1 Measure 50 mL of TISAB Il into 5 100 mL plastic volumetric flasks.

8.1.2 Label the flasks as 0.05, 0.1, 0.5, 1.0, and 1.5 ppm F-, along with the date and your initials.
8.1.3 Pipette 0.05, 0.1, 0.5, 1.0, and 1.5 mL of 100 ppm fluoride standard into the appropriately
labeled flasks.

8.1.4 Add approximately 30 mL of Milli-Q™ water to each flask.

8.1.5 Shake the flasks to mix the solutions.

8.1.6 Eliminate air bubbles from the flasks by tipping the flasks on their sides and rolling the air in
the flasks over the air bubbles.

8.1.7 Bring the volume in the flasks up to the 100 mL mark with Milli-Q™ water.

8.1.8 Invert and shake the flasks for the final mixing.

8.1.9 Record standards in Standards Log Book.

8.2 Calibration
8.2.1 If necessary, remove tape from electrode filling hole.

8.2.2 Invert probe to wet top seal.

8.2.3 Eject a few drops of filling solution from bottom of electrode to wet lower seal.

8.2.4 Fill the electrode with filling solution.

8.2.5 The meter and the F- electrode are typically calibrated by direct measurement with no blank
correction, using standards with concentrations of 0.05, 0.1, 0.5, 1.0, and 1.5 ppm F-, following
the manufacturer’s instructions.

8.2.6 Record the slope in the appropriate log book.

8.2.7 Clean the electrode by rinsing with Milli-Q™ water and wiping the sides down with lab

tissues.

8.3 Storage Conditions for Standards
8.3.1 Calibration standards are stored at room temperature.

9.0 PROCEDURES

9.1 Calibration and Measurement, Standard method:

9.1.1 The sample to be measured needs to be mixed with TISAB using the proportions
recommended by the TISAB manufacturer.

9.1.2 Place a stir bar in the sample and place the sample on the stir plate.

9.1.3 Allow the sample to mix for a few seconds before inserting the electrode. When the
electrode is inserted, make sure there are no air bubbles trapped under the electrode.

9.1.4 The sample should be the same temperature as the calibration standards and stirred at the

same rate as the calibration standards.
9.1.5 When the readings have stabilized, record the reading in the appropriate log book.

3
000035



9.2 Calibration And Measurement, Using Orion 3E Software:

9.2.1 Calibration:
9.2.1.1 Follow steps 8.2.1 to 8.2 4.

9.2.1.2 Press Function Key #8 (F8).
9.2.1.3 The computer screen will ask you to confirm the number of standards to be used,

concentration of the standards, and whether or not a blank is to be included in the calibration.
Make any necessary changes to the information presented and click on CONTINUE.

9.2.1.4 Place the electrode in the first standard on the stir plate and click on CONTINUE.

9.2.1.5 Observe the readings on the graphic display on the computer. When the readings have
stabilized, press ACCEPT READING.

9.2.1.6 Repeat step 9.2.1.4 and 9.2.1.5 for the remaining standards.

9.2.1.7 After the final standard, the computer will display the slope of the curve, as well as s the
intercept and correlation. Record the slope, intercept, and correlation in the appropriate log book
and click on CONTINUE. The calibration data is automatically copied to C:\Orion\Data\Calib.txt.

9.2.2 Data Spreadsheet:
9.2.2.1 Select either NEW or OPEN from the FILE menu to open a new or existing spreadsheet

to store data in.
9.2.2.2 Record the name of the spreadsheet used in the appropriate log book.

9.2.3 Fluoride Measurement:

9.2.3.1 Follow steps 9.2.1 through 9.2.4

9.2.3.2 Enter the name of the sample in the appropriate place on the screen.

9.2.3.3 Click on the NEW SAMPLE button

9.2.3.4 When the readings have stabilized, click on the RECORD button and write the result in the

appropriate log book.

10.0_ VALIDATION

10.1 Quality Control:

10.2 Precision and Accuracy

10.3 Other Validation Parameters According to Reference 13.2, the range of detection is 0.02
ppm fluoride up to a saturated solution of fluoride.

11.0 DATA ANALYSIS

11.1 Calculations None necessary.

11.2 Analyzing the Data None necessary.

12.0 ATTACHMENTS

None

13.0 REFERENCES

4
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13.1 Orion Model EA940 Expandable fon Analyzer Instruction Manual, Orion Research

Incorporated, 1991.
13.2 Orion Model 960900 Solid State Combination Fluoride Electrode Instruction Manual, Orion

Research Incorporated, 1991.
14.0 REVISIONS

Revision Revision
Date

umber Reason for Change
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1.0 SCOPE

1.1

1.2
1.3

Scope: This method is for the extraction of fluorochemicals from rabbit livers.
Ethyl acetate is used to extract fluorochemicals from the livers for analysis by

electrospray mass Spectroscopy.
Applicable Compounds: Fluorochemicals or other fluorinated compounds.

Matrices: Rabbit Livers.

2.0 KEYWORDS

2.1

Fluorochemicals, rabbit livers, electrospray mass spectrometer, fluorinated
compounds, extraction.

3.0 PRECAUTIONS

3.1

Use gloves when handling the rabbit livers, they may contain pathogens.

4.0 SUPPLIES AND MATERIALS

4.1

4.2

Su p plies
.1 Syringe, capable of measuring 100 pL
.2 Eppendorf type or disposable pipets
.3 Gloves

.4 Plastic grinding tubes

.5 Plastic centrifuge tubes, 15 mL
.6 Labels

.7 Nitrogen

.8 Timer
.9
.1
.1
.1

.

r—u-u-u—r-u—n-u—)-l—-r-n—

Filters, Titan nylon syringe filters, 0.2 pm.
0 Analytical pipets: glass volumetric pipets.
1 Disposable plastic 3 cc syringes.
2 Crimp cap autovials.

) h&&hhhh“h&&h
[

agen ts

.1 Aqueous Ammonium Acetate (Aldrich), approx. 250 ppm: Prepare a 2500
ppm aqueous solution of ammonium acetate by adding 250 mg ammonium
acetate to a 100 mL volumetric flask and dilute to volume with Milli-Q
water. Dilute this solution 1:10 for a 250 ppm solution.

4.2.2 Sodium carbonate/Sodium Bicarbonate Buffer (J.T. Baker),
(Na,CO,/NaHCO,) 0.25 M: Weigh 26.5 g of sodium carbonate (Na,CO,)
and 21.0 g of sodium bicarbonate (NaHCO,) into a 1 L volumetric flask and
bring to volume with Milli-Q water.

2.3 Dilute acetonitrile solution, dilute acetonitrile 1:1 with Milli-Q water.
2.4 Ethyl Acetate

.2.5 Methanol

.2.6 Milli-Q water
2.7
.2.8

N

1H,1H,2H,2H - perfluorooctanesulfonic acid (Aldrich)
FC-95 (3M Specialty Chemical Division)
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2.0 EQUIPMENT

Ut th
D & W=

Ultra-Turrax T25 Grinder for grinding liver samples.
Vortex mixer

Centrifuge

Shaker

Analytical Evaporator

6.0 INTERFERENCES

6.1

There are no known interferences at this time.

7.0 SAMPLE HANDLING

7.1

The rabbit livers are received frozen, and must be kept frozen unul the extraction is
performed.

8.0 CALIBRATION AND STANDARDIZATION

8.1

8.2

8.3

Preparation of Internal Standards

8.1.1 Prepare an internal standard of approximately 12 ppm 1H,1H,2H,2H-
perfluorooctanesulphonic acid to be added to each liver sample.

8.1.2 Weigh at least 0.1 g of 1H,1H,2H,2H-perfluorooctanesulphonic acid into a
100 mL volumetric flask. Record the actual weight.

8.1.3 Bring it up to volume with methanol, this is the stock standard.

8.1.4 To a 250 mL volumetric flask, add 3 mLs of the stock standard and bring to
volume with Milli-Q water. Calculate the actual concentration of the

standard.
actual mg perfluoroctane-
sulphonic acid X 3mL = actual concentration, ppm
01L 250 mL

Prepare FC-95 Anion Standards

8.2.1 Prepare FC-95 standards for the standard curve.

8.2.2 Weigh approximately 100 mg of FC-95 into a 100 mL volumetric flask.

Record the actual weight.

8.2.3 Bring up to volume with dilute acetonitrile.

8.2.4 Dilute the solution with dilute acetonitrile 1:10 for a solution of
approximately 100 ppm. Dilute this solution 1:10 with dilute acetonitrile for
a solution of approx. 10 ppm.

8.2.5 Use the 10 ppm solution to make working standards with values close to
5.0 ppm, 1.0 ppm and 500 ppb.

Prepare Beef Liver Homogenate to Use for Standards

8.3.1 Weigh 40 g of Bovine liver into a 250 mL Nalgene bottle containing
200 mLs Milli-Q water. Grind to a homogenous solution.

8.3.2 Add 1 mL of the solution to a 15 mL centrifuge tube. Prepare a total of eight

1 mL aliquots of the solution in 15 mL centrifuge tubes. Be sure to re-

suspend solution by shaking it between aliquots.
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8.

8.

8.

8.

4

5

6

7

8.3.3 Spike seven of the 1 mL aliquots with the following amounts of working
standards in step 9.12 of the procedure. One 1 mL aliquot serves as the

blank.
Working Standard uL Approximate final
(Approximate Conc.) concentration of
FC-95 in liver
- - Blank
500 ppb 100 0.292 ppm
500 ppb 200 0.584 ppm
500 ppb 300 0.877 ppm
500 ppb 400 1.168 ppm
1 ppm 500 2.924 ppm
5 ppm 200 5.848 ppm
5ppm 300 8.772 ppm

Calculate the actual value of the standards:

uL of standard x concentration (inppm) = final concentration (ppm)
of FC -95 in liver

171 mg liver / 1 ml homogenate

*Average weight of bovine liver in solution as determined by weighing
1 mL homogenates of 40 mg liver in 200 mL of Milli-Q water. The amount of
FC-95 is reported as equivalents of FC-95 potassium salt.

Calibration
8.5.1 Extract the spiked beef liver homogenate following 9.13 to 9.23 of this

method. Use these standards to establish your curve on the mass
spectrometer. '

8.5.2 Alternatively, a standard curve may be generated using ratios of responses
of the perfluorooctansulfonate anion and the internal standard anion versus
concentration of the perfluorooctanesulfonate anion.

Storage Conditions for Standards
8.6.1 New standards are prepared with each analysis. Standards are stored in
covered plastic centrifuge tubes until the analysis on the mass spectrometer

is performed.

Storage Conditions for Standards
8.7.1 Beef liver homogenates may be frozen after preparation.

9.0 PROCEDURES

9.
9.
9.
9.
9.

NAEWN =

Obtain frozen liver samples. In spent tissue, note that the liver has not been
packaged with other tissues.

Use a dissecting scalpel and cut off approximately 1 g of liver.

Weigh the sample directly into a tared plastic grinding tube.

Record the liver weight in the study note book.

Put a label on the vial with the study number, weight, rabbit ID, date and analyst

initials.
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4

9};



LX v
® wa

vo vw
- \D
]

9.12

9.13
9.14

9.15
9.16
9.17
9.18

9.19
9.20
9.21

9.22
9.23

9.24
9.25

Add 2.5 mLs water.
Grind the sample. Put the grinder probe in the sample and grind for about 2

minutes, until the sample is a homogeneous solution with no large chunks.

Rinse the probe off into the sample with 2.5 mLs water using a pipet.

Take the grinder apart and clean it with methanol after each sample. Follow
AMDT-EP-22.

Cap the sample and vortex for 15 seconds.

Pipet 1 mL into a 15 mL centrifuge tube. Label the centrifuge tube with the identical
information as the grinding tube. (See AMDT-M-4 Worksheet for documenting the
remaining steps.) _

Spike the beef liver homogenates with the appropriate amount of FC-95 standard
as described in 8.3. '

Spike the samples and beef liver homogenates with 100 uL of internal standard.
Add 1 mL of the sodium carbonate/sodium bicarbonate buffer and 1 mL ammonium
acetate.

Using an analytical pipet, add 5 mL ethyl acetate.

Cap the sample and vortex 20 to 30 seconds.

Put them in the shaker for 20 min.

Centrifuge for 20 to 25 minutes, until the layers are well separated. Set the power
on the centrifuge to 25.

Remove 4 mLs of the top organic layer to a fresh 15 mL centrifuge tube with a §
mL graduated glass pipet. Transfer the label to the fresh tube.

Blow the sample down on the analytical evaporator to near dryness with nitrogen,
approximately 30 to 40 minutes.

Bring the remaining sample up in 1 mL dilute acetonitrile with an analytical pipet.
Vortex 15 seconds.

Transfer the sample to a 3 mL syringe. Attach a 0.2 pm nylon mesh filter, and filter
the sample into a fresh centrifuge tube or a autovial. Label the tube or vial with the
study number and animal number.

Cap and hold for analysis by electrospray mass spectroscopy.

Complete AMDT-M-4 worksheet and attach to page of study notebook.

10,0 VALIDATION

10.1
10.2
10.3

Quality Control - not applicable
Precision and Accuracy- not applicable
Other Validation Parameters- not applicable

11.0 DATA ANALYSIS

11.1

None

12.0 ATTACHMENTS

12.1

Worksheet AMDT-M-4

13.0 REFERENCES

13.1 AMDT-EP-22 Routine Maintenance of Ultra-Turrax T-25

14,0 REVISIONS

Revision ’ Revision
Number Reason for Change Date
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Worksheet AMDT-M-4

Study # Sample FC-95 FC-95 FC-95 Date and
Number approx 0.5 ppm approx | ppm approx. 5 ppm | Initials for Std.
actual ppm actual ppm actual ppm
set # #W #W #W
- Rlank Liver - - -
S 100 ul, - -
= 200 nl - -
= 300 ul, - -
- 400 ul, - -
- - 509 ul, =
= - 200 ul,
= 300 ul

Mmﬂmmwmmga cony

iver Extraction Pracess:

Date & Initials

Pinet 1 mI of Liver Solution

Pinet 100 uIl. of 12 nom Intemnal Standard Std #

| Vortex 1Ssec

Pipet I mL of 250 nom Ammonium Acetate Std #

Pipet 1 ml of 025 Na.CQ./0.25M NaHCO. Buffer

Pipet 5 mL of Ethvl Acetate

| Vortex 20-30 sec

Shake 20 min

Centrifiyge 20-25 min

L Remave 2 4 ml, aliquot of oreanic laver

| Blow down to near dryness (<025 m[) with N.

Add 1 m- of 1-1 Acetonitrile/H.O TN#

[ Yortex 1S sec

Filter usine a 3cc B-D svrinee with 2 0 2um SRI filter into 2 1.5 ml. autosamnle vial
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1.0 SCOPE
1.1  Scope: This method is for the analysis of extracts of rabbit liver or other tissues or
fluids for fluorochemicals using the electrospray mass spectrometer. The analysis
is performed by single ion monitoring of FC-95 anion, M/Z= 499, the internal

standard M/Z = 427, and other appropriate masses.
Applicable Compounds: Fluorochemicals or other fluorinated compounds.
Matrices: Rabbit Livers (samples), Beef Liver (standards), other tissues and

fluids.
2.0 KEYWORDS

2.1 Fluorochemicals, fluorinated compounds, electrospray mass spectroscopy, mass
spectrometer, rabbit livers.

bt o
W

3.0 PRECAUTIONS
3.1 Use caution with the voltage cable for the probe. When the voltage cable is plugged
into the probe DO NOT TOUCH THE PROBE, there is risk of electrical shock.
3.2 Do not run the pump above it’s capacity of 4000 psi. If pressure goes over 4000 psi
stop and release pressure. The peak tubing may be plugged. Troubleshoot back to
find the plug and replace the plugged tubing. See AMDT-EP-15
3.3 Do notrun the pump to dryness.

4.0 SUPPLIES AND MATERIALS
4.1 Supplies
4.1.1 Nirogen gas regulated to 140 psi.
4.1.2 Fluofix column or equivalent.
4.1.3 100 uL or 250 uL flat tip syringe for sample injection.

4.2 Reagents
4.2.1 Dilute acetonitrile mobile phase, dilute acetonitrile 1:1 with Milli-Q water.

4.2.2 Milli-Q water, all water used in this method should be Milli-Q water.

5.0 EQUIPMENT

5.1 VG Trio 2000 Electrospray Mass Spectrometer or equivalent.
5.2 ISCO Syringe Pump

5.3  Spectraphysics AS300 Autosampler

5.4 100 uL Assembly

5.5  Aautovials or capped centrifuge tubes.

6.0 INTERFERENCES

6.1 There are no known interferences at this time.

7.0 SAMPLE HANDLING
7.1  Keep the extracted samples in capped 15 mL centrifuge tubes or in capped autovials
- until ready for analysis.
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80 CALIBRATION AND STANDARDIZATION

8.1

8.2

8.3

8.4

Preparation of Calibration Standards
8.1.1 Seven beef liver standards and one blank beef liver are prepared during the
extraction procedure. (See AMDT-M-4, section 8.0)

Calibration
8.2.1 Run the seven beef liver standards twice, starting with the lowest standard

to obtain the standard curve.
8.2.2 Typically one standard is run after each 5 to 7 samples. Choose a standard

in the same range of concentration as the samples.

Storage Conditions for Standards

8.3.1 Fresh standards are prepared with each analysis. Standards are stored in
covered plastic centrifuge tubes until the analysis on the mass spectometer is
performed. Samples and standards are NOT refrigerated.

Storage Conditions for Beef Liver Homogenates
8.4.1 Beef liver homogenates may be frozen after preparation.

9.0 PROCEDURE

9.1

9.2

Initial Set-up

9.1.1 Set software to “Operate on”, Ion Mode ES'.

9.1.2 Record backing pressure in the instrument log.

9. 1.3 Fill the solvent cylinder with mobile phase.

9.1.4 Set the pump to “Run”. Set the flow to 1000 uL/min. Observes droplets
coming out of the tip of the probe. The pressure should be at 1700 to 1800
psi.

9.1.5 Check the fused silica at the end of the probe. Use an eye piece to check for
chips. The tip should be flat with no jagged edges. If any chips are found
cut off the tip of the silica with a column cutter and pull the silica through to
the appropriate length.

9.1.6 Check your nitrogen supply. Turn on the nitrogen. There should be no
nitrogen leaking around the tip of the probe. A fine mist should be coming
out of the tip.

9.1.7 Carefully guide the probe into the opening. Insert it until it won’t go any
further. Connect the voltage cable to the probe.

9.1.8 Go to the “Editor” page, and set Ionization Mode to ES’, and the
appropriate masses to 427 and 499.

9.1.9 If itis not in single ion mode go to “Option” and set SIR.

9.1.10Start Acquisition. Assign a file name, MO-DAY-YR + letter. Record it in
the log book.

9. 1. 11Run the beef liver samples first, running each standard twice at the
beginning of the run.. Run a QC check by running one standard after every
5 10 7 samples.

nual Injection

.1 Draw 150 uL of sample into a syringe. Inject the sample into the rheodyne
injection port. Inject slowly. Record the sample ID in the log book.

.2 Turn the valve to “On”.

.3 Wait two minutes, and inject the next sample.

.4

Ma
9.2
9.2
9.2
9.2.4 Record the scan number for each sample in the logbook.

w
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9.3

Using the Autosampler
9.3.1 Setup sample tray A, B, or C.
9.3.2 Record the samples and their positions in the instrument log book. Up to 17
vials may be in each run.
9.3.3 Set-up the sampler:
9.3.3.1 Push the sample button
.3.2 Set sample loop size = 100 uL
3.3 Set inject/sample = 2
.3.4 Set Cycle time =0
.3.5 Name the file: Livers
3.6 Identify the tray used
3.7 Add the samples to Queue by pressing “Enter”
3.8 Press “Run” to start

wovLVLVLL
WWWLWWWWW

10.0 VALIDATION

10.1

10.2

10.3
10.4

Quality Control
10.1.1Run a standard every 5 to 7 samples. If a significant change(+ 50%) in

peak height occurs stop the run. Only the samples before the last acceptable
standard will be used. The remaining samples will be reanalyzed.

Precision and Accuracy .
10. 2. 1See Method Validation Report number AMDT-M-5.0.V1

Other Validation Parameters
Refer to Method Validation Report Number AMDT-M-5.0.V1

11.0 DATA ANALYSIS

11.1
11.2

11.3

Calculations
Plot the standard curve, using the mean of the two values obtained for each

standard.
11.2.1Read peak heights or areas for the samples from the printout. Use linear

regression to determine the sample concentrations.
11.2.2Calculate the mg of FC-95 anion, or other fluorochemical in the total rabbit

liver:

mg FC-95 anion in the total rabbit liver =

mg FC-95 anion from std. curve x Total mass of liver, gms

gms of liver used for analysis

Make a results table and enter it in the study book.

Print a chromatogram for each sample, with the peaks labeled with the sample or
standard ID. Write the study number on the printout, initial, date, and put it in the
study folder. Staple all chromatograms together and number pages.
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120 ATTACHMENTS

None

13.0 REFERENCES

13.1 AMDT-EP-17
14.0 REVISIONS

Revision Revision
Number Reason for change Dae _
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1.0 SCOPE , APPLICABLE COMPOUNDS, AND MATRICES

1.1 Scope: This method is for the operation of a Dohrmann DX2000 when it is used to extract
fluoride from various matrices. The fluoride is typically collected in TISAB solution for analysis

with an ion selective electrode.
1.2 Applicable Compounds: Fluorochemicals or other fluorinated compounds.

1.3 Matrices: Biological fluids, particularly serum.

2.0 KEYWORDS

2.1 Fluoride, fluorine, extraction, pyrolysis, ionization, ion selective electrode, Dohrmann, halide,
DX2000, fluorochemicals.

3.0 PRECAUTIONS

3.1 Glassware and exhaust gases can be extremely hot.

3.2 Glassware is fragile, broken glass may cause injuries.

3.3 Pressurized gases, proper compressed gas handling practices required.

3.4 Solvent based samples may flash, may need to allow them to dry down before starting run.
3.5 Potential biohazards due to the biological matrices. Use appropriate personal protective

equipment.

4.0 SUPPLIES AND MATERIALS

4.1 Compressed Oxygen, Hydrocarbon free, regulated to 30 PSI.

4.2 Compressed Helium, High Purity Grade, regulated to 45 PSI.

4.3 Quartz glass sample boat with Teflon™ tubing, Dohrmann 890-097 or equivalent.
4.4 Quartz glass combustion tube, Reliance Glass G-9405-012 or equivalent.

4.5 Orion 940999 Total Ionic Strength Adjustment Buffer (TISAB II ) or equivalent.
4.6 Sample collection vials, HDPE.

4.7 Milhi-Q™ water

4.8 Polystyrene pipettes. .

4.9 Activated Charcoal, E. Merck 2005 or equivalent.

4.10 Hamilton Syringe or equivalent.

4.11 Miscellaneous laboratory glassware

3.0 EQUIPMENT

5.1 Rosemount Dohrmann DX2000 Organic Halide Analyzer, modified for fluoride extraction.

5.2 IBM compatible 386 or 486 computer.
5.3 DX2000 software, version 1.00, modified for fluoride extraction.

5.4 Excel Spreadsheet, version 5.0 or greater

6.0 INTERFERENCES

6.1 Sample size is limited to approximately 100 pl. This may vary from matrix to matrix.
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7.0 SAMPLE HANDLING

7.1 Samples are to be handled with plastic pipettes. A new pipette is to be used for each sample.

8.0 CALIBRATION AND STANDARDIZATION

8.1 Preparation of Calibration Standards

8.1.1 The standards required for each project will need to be appropriate for that individual project.
Refer to protocol for that project.

8.1.2 Typically 50-500 ppm FC-95 in methanol standards are used.

8.1.3 For rabbit serum studies, use beef serum as the matrix.

8.2 Calibration - Overview

The normal calibration is the fluoride curve (AMDT-M-2). However, if an optional spiked serum
curve is required the procedure listed below is used.

8.2.1 A calibration curve for the DX2000 is generated by spiking samples with known standards
and combusting them using the same methods and matrix type as the samples to be tested.

8.2.2 Typically, three replicates of each standard and five concentrations of standards will be
spiked.

8.2.3 Standard curve will be plotted as Mass Spiked F (ug) on the x-axis and Standard Mass
Recovered F (ug) on the y-axis. Generate a regression curve and calculate the equation for the line

and the r2 value.
8.2.4 Mass Spiked F (ug) = (Amount spiked in mL) x ( Conc. of standard in ppm) x (0.6004)*

*FC-95 is 60.04% F therefore 0.6004 is the factor used to convert FC-95to F
8.2.5 Standard Mass Recovered F (ug) = (TISAB volume in mL) x (Orion reading in ppm)

8.3 Calibration - Procedure

8.3.1 Start Up
8.3.1.1 Run 2 or more Clean Cycles when starting instrument each day. More clean cycles may

be used if the previous samples contained high concentrations of fluoride.

8.3.2 Blanks
8.3.2.1 Prepare sample using the same methods and type of matrix as the test sample.

8.3.2.2 For rabbit studies, use beef serum as the matrix.
8.3.2.3 Put serum blank in Dohrmann boat. Combust sample as described in section 9.0 and
analyze sample according to method AMDT-M-2 for the ion selective electrode analysis.

~ 8.3.2.4 For rabbit studies, the meter reading for a blank sample should be 0.03 ppm or lower
before proceeding with the calibration. Burn samples until this limit is reached, or until in the
judgement of the operator the reading is stable with respect to historical readings (previous 4

hours). '
8.3.2.5 For non-rabbit studies, the blank readings should reach a predetermined ion concentration

before proceeding with the calibration.
8.3.2.6 It may be necessary to mix approximately 50 mg of charcoal with the sample to aid

combustion.
000061
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8.3.3 Standard Curve

8.3.3.1 If beef serum is frozen, thaw at least enough to complete the standard curve analysis for the
day (=30 mL).

8.3.3.2 Pipette 100uL of beef serum into Dohrmann sample boat.

8.3.3.3 Start with the lowest standard concentration. Using a Hamilton syringe, eject a fixed
quantity of the standard on or in the matrix. For rabbit studies, use 4 uL of standard and eject it on

or in the beef serum.
8.3.3.4 Atleast 3 replicates should be used for the lowest standard concentration; more replicates

may be used at the discretion of the analyst.
8.3.3.5 Combust the sample as described in section 9.3 and analyze according to AMDT-M-2.

8.3.3.6 Run all 15 standards. If one replicate is significantly different from the other two
replicates, run another sample for that standard. Indicate in data that the new replicate replaces the
old replicate and that the new replicate will be used to calculate the regression curve.

8.3.3.7 When all standards have been run, calculate the r2. r2 must be at least 0.95. If it is not at

least 0.95, consult with supervisor.
8.3.3.8 A new standard curve should be run when the combustion tube or sample matrix is

changed. New standard curve may also be run at the discretion of the analyst.

8.4 Storage Conditions for Standards

8.4.1 Storage requirements for standards are dependent on the individual standards used.
Typically, standards are stored at room temperature in plastic screw top bottles.
8.4.2 New FC-95 standards should be prepared at least once a month.

9.0 PROCEDURES

9.1 Typical Operating Conditions:

9.1.1 Combustion tube temperature = 950°C.
9.1.2 Oxygen and Helium flow = 50 cc/minute.
9.1.3 Vaporization/Drying time = 240 seconds.
9.1.4 Bake time = 300 seconds.

9.2 Start Up Procedure:

9.2.1 If the program is not started, start the EOX program on the PC.

9.2.2 Open the SYSTEM SETUP window.

9.2.3 Put the furnace module and the cell in the READY mode.

9.2.4 Close the SYSTEM SETUP window.

9.2.5 When the oven has reached the READY temperature, run the CLEAN BOAT program

found in the CELL CHECK menu.
9.2.6 See AMDT-EP-3 for details of the Dohrmann software.

9.3 Sample Extraction Procedure:

9.3.1 Open the SAMPLE HATCH and pipette 100uL of sample into the BOAT. It may be
necessary to mix approximately 50 mg of charcoal with the sample to aid combustion. If this is
done, charcoal should also be mixed in while establishing the baseline and when generating the

standard curve.
9.3.2 Close SAMPLE HATCH.
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9.3.3 Add appropriate volume of TISAB solution or 1:1 TISAB:Milli-Q™ water mixture to a
labeled sample collection vial. Typically 0.6 mL to 15 mL are used. For rabbit studies, use 1.0 or
2.0 mL of 1:1 TISAB:Milli-Q™ water mixture.

9.3.4 Place the vial so that the tip of the COMBUSTION TUBE is in the TISAB at least 0.25
inches. Gases released during pyrolysis must bubble through the TISAB.

9.3.5 Run the EOX-WATER program found in the RUN menu.

9.3.6 When the EOX program is finished, remove the collection vial from the combustion tube.
9.3.7 If undiluted TISAB was used to collect the sample, add an equal volume of Milli-Q™ water

to the TISAB to make 1:1 TISAB:Milli-Q™.
9.3.8 Rinse the end of the combustion tube with Milli-Q™ water and wipe with a KIMWIPE to

remove any TISAB remaining on the tube. _
9.3.9 Open the sample hatch and remove any remaining ash from the boat. Ash can be removed
with a cotton tipped applicator and/or vacuumed out. It may be necessary to scrap particles off the
bottom with a spatula or other similar device. A drop of Milli-Q™ water may be added to the
boat to aid in the Clean Cycle.

9.3.10 Close the hatch.

9.3.11 Run the CLEAN BOAT program.
9.3.12 Sample is ready for analysis by ion selective electrode (AMDT-M-2).

9.4 Sample Calculations

9.4.1 Use the standard curve to calculate the sample value.

9.4.2 Sample Mass Recovered F (ug) = (TISAB vol in mL) x (Orion reading in ppm - intercept)
(Slope)

10.0 VALIDATION

10.1 Quality Control
10.1.1 Daily Start Up Check Samples: Once the standard curve is established, each day of

analysis is started by analyzing QC samples. The QC samples are to be the same as the lowest
concentration spiked samples used to generate the standard curve. Each concentration must be
done in triplicate unless the first two replicates are within 20% of the standard curve, then a third

replicate is not necessary.

10.2 Precision and Accuracy: See method development analysis and sample analysis in
Fluoride Notebooks 2,3, and S. Precision and accuracy varies when analyzing samples of different

matrices and different reference compounds.

10.3 Other Validation Parameters: NA

11.0 DATA ANALYSIS

11.1 Calculations

11.1.1 For the standard curve, use regression analysis in Excel, version 5.0 or greater.
11.1.2 To calculate the fluoride contraction in the sample, see method AMDT-M-2.
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11.2 Analyzing the Data

11.2.1 r2 must be at least 0.95 or greater. “Outliers” may be excluded if two of the three replicates
are within 20% of each other and the outlier is greater than 200% of the average of those two or
less than 50% of the average of those two. Any such outliers should be pointed out in the data and
noted in the Final Report along with the reason it was considered an outlier.

12.0 ATTACHMENTS
None

13.0 REFERENCES

13.1 Rosemount Dohrmann DX2000 Organic Halide Analyzer Operator's Manual (Manual 915-

349, revision B, December 1993)
13.2 AMDT-M-2 Fluoride Measurement by Means of an Orion EA940 Expandable Ion

Analyzer
13.3 AMDT-EP-3 Routine Maintenance of a Modified Dohrmann DX2000 Organic Halide

Analyzer

14.0 REVISIONS

Revision Revision
Number Reason for Change Date
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9.3 Quality Assurance Unit Statement
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Attachment D

GLP Study
Quality Assurance Statement

Study Title: Single-dose Intravenous Pharmacokinetic Study of T-6049 in Rabbits
Study Number: AMDT-112294.1 Name of Auditor: Kari Rambo

This study has been inspected by the Quality Assurance Unit as indicated in the following table.
The findings were reported to the study director and management.

Inspection Dates Date Inspection Reported to
From To Phase Management Study Director
10-11-95 11-03-95 Final Report 11-03-95 11-03-95

Zm V3-95

"QAU Auditor Date
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9.4 Key Personnel Involved in the Study
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3M Environmental Laboratory

Key Personnel

Thermal extraction followed by analysis using Orion ion analyzer:
Jim Johnson
Deb Wright
Rich Youngblom
Deann Plummer

Analysis of liver extracts using electrospray mass spectrometry:
Jim Johnson
Dave Christenson

Documentation and Reporting:
Jim Johnson
Rich Youngblom

Quality Assurance Unit:
Gale Van Buskirk
Cynthia Weber
Kari Rambo
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9.11.1 Summary and raw data; ug F"in whole liver as
determined by thermal extraction followed by analysis
using Orion ion analyzer.
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Summary of Combustion Data - Liver
AMDT-112294.1, HWI 6329-129
As Referenced in Final Report section 6.0 DATA ANALYSIS

Total ug Fluoride in Whole Liver

Mean per Dose Group
D ug
Control group 23.37
5.0 mg/kg dose (T6049) 23.28
10.0 mg/kg dose (T6049) 16.01
100 mg/kg dose (T6049) 35.87
500 mg/kg dose (T6049) 92.03
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RPT129L.XLS

FC95 PK Actual Average Whole Total F-in
ppmF- ppmF- liver liver whole
% inliver inliver burned weight liver Dosage
ID revry  (W/W) (W/W) (grams) (grams) (ug) (ma/kg)

BLNK LIVER 1 1.052 0.1216

BLNK LIVER 2 0.423 0.1551

BLNK LIVER 3 0.758 0.1135

BLNK LIVER 4 0.473 0.1502

BLNK LIVER 5§ 0.308 0.1473

LIVER SPK 63-1 77%  0.895 0.1300

LIVER SPK 63-2 86% 1.024 0.1274

LIVER SPK 63-3 83% 1.045 0.1205

LIVER SPK 126-1 84% 2.182 0.1159

LIVER SPK 126-2 83% 1.616 0.1554

LIVER SPK 126-3 86%  2.353 0.1110

LIVER SPK 253-1 82%  3.580 0.1399

LIVER SPK 253-2 80%  3.966 0.1228

LIVER SPK 253-3 86% 4.195 0.1242

LIVER SPK 506-1 69% 6.493 0.1292

LIVER SPK 506-2 68% 6.338 0.1297

LIVER SPK 506-3 69% 7.100 0.1175

LIVER SPK 1012-1 63% 12.884 0.1186

LIVER SPK 1012-2 75% 14.244 0.1277

LIVER SPK 1012-3 64% 13.635 0.1139

BLANK LIVER-1 0.432 0.1144

BLANK LIVER-2 0.303 0.1223

BLANK LIVER-3 0.219 0.1402

F52652-1 0.332 0.1329

F52652-2 0.242 0.273 0.1202 85.62 23.37 0.0
F52652-3 0.245 0.1013

F52653-1 0.319 0.1385

F52653-2 0.217 ~ 0.254 0.1118 91.68 23.28 5.0
F52653-3 0.226 0.1155

F52654-1 0.174 0.1464

F52654-2 0.206 0.204 0.1173 78.65 16.01 10.0
F52654-3 0.231 0.1168

F52665-1 0.480 0.1411

F52665-2 0.384 0.434 0.1502 82.72 35.87 100.0
F52666-1 0.437 0.1325

F52666-1 0.973 0.1415

F52666-2 1.043 0.988 0.1146 93.11 92.03 500.0
F52666-3 0.949 0.1161

LIVER SPK-A 66% 0.791 0.1269

LIVER SPK-B 67%  0.895 0.1126

LIVER SPK-C 73% 0.1290

LIVER SPK-D 74% 0.1397

LIVER SPK-E 76% 0.1457

LIVER SPK-F 74% 0.1351

LIVER BLNK-1 0.1232
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9.11.2 Summary and raw data; analysis of liver
extracts using electrospray mass spectrometry.
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HWI# 6329-129

Al

Conlaing e

A-l W A-T1
. Cuan s~
nW-10-9%

Study: Single-Dose Intravenous Pharmacokinetic
Protocol Number: TP8084.PK
Test Materlal: T-6049 in Rabbits (FC-95)
Matrix: Liver
R Squared Value: 0.9717
Response Factor Amount: 1.07E-05
Analyst: DLC
Date: 3/28/95
Method:
Instrument: Fisons VG 2000 Electrospray MS
LABBASE Flle: 032895C
~ Group Sample # lon Count Extractedwt  Dilution  Concentration Total mass  Total amount of
Dose Area g factor ng/g* of liver FC-95 per liver
[ g mg
Group 1:
0 mg/kg F52652 N.D. 0.9979 1 N.D. 85.619 N.D.
Group 2:
5 mg /kg F52653 N.D. 1.061 1 N.D. 91.683 N.D.
[Group 3:
10mg /kg - F52654 6056 1.1129 1 0.0466 78.656 0.004
Group 4:
100 mg/kg F52665 39065 1.0209 1 0.3274 82.718 0.027
Group 5:
500 mg/kg F52666 71977 1.1125 1 0.5536 93.111 0.052

* The concentration was calculated by using the standard curve and multiplying the result by 4/5. The 4/5
factor Is the result of a miscalculation In applying formula 8.4 in Method AMDT-M-4-0. 137 mg of liver was used in
this calculation rather than171 mg. The concentrations In the standard curve are therefore 5/4 larger than they
should be. By multiplying the calculated concentration in the standard curve by 4/5, the correct result is obtained.
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9.11.3 Summary and raw data; ppm F~in serum as
determined by thermal extraction followed by analysis using

Orion ion analyzer.

This data, although supportive, in the opinion of the Study
Director is not required to reach the conclusion stated in
Final Report Section 6.0, and therefore is not discussed in

detail.
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Summary of Combustion Data - Liver
AMDT-112294.1, HWI 6329-129

Concentration of Fluoride in Serum
Mean per Dose Group per Sampling Interval*

Average

ppm F-

in serum

(W/W)
500 mg/kg dosed rabbit 48 HR 0.633
24 HR 0.707
12HR 0.789
8HR 0.620
6 HR 0.595
4HR 0.614
2HR 0.705

100 mg/kg dosed rabbit 48 HR 0.341
24 HR 0.289

12HR 0.395

8HR 0.293

6 HR 0.246

4HR 0.265

2HR 0.255

#2.24 hour calculated as the mean of duplicate samples, 48 hour analyzed in triplicate.
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FC95 PK
ID

Serum bik 1

Serum blk 2

Serum bik 3

Serum blk 4

Serum SPK 1

Serum SPK 2

Serum SPK 3

Serum SPK 4

Serum SPK 5

Serum SPK 6
SERUM BLANK-1
SERUM BLANK-2
F52666-F5-48 HR - 1
F52666-F5-48 HR - 2
F52666-F5-48 HR - 3
F52660-75-24 HR - 1
F52666-F5-24 HR - 2
F52666-F5-12 HR - 1
F52666-F5-12 HR - 2
F52666-F5-8 HR - 1
F52666-F5-8HR - 2
F52666-F5-6HR - 1
F52666-F5-6HR - 2
F52666-F5-4HR - 1
F52666-F5-4HR - 2
F52666-F5-2HR - 1
F52666-F5-2HR - 2
SERUM BLANK 1
SERUM BLANK 2
F52665-F4-48 HR-1
F52665-F4-48 HR-2
F52665-F4-48 HR-3
F52665-F4-24HR-1
F52665-F4-24HR-2
F52665-F4-12HR-1
F52665-F4-12HR-2
F52665-F4-8HR-1
F52665-F4-8HR-2
F52665-F4-6HR-1
F52665-F4-6HR-2
F§2665-F4-4HR-1
F52665-F4-4HR-2
F§2665-F4-2HR-1
F52665-F4-2HR-2

%
rcvry

69%
184%
79%
78%
103% -
98%

Actual
ppm F-
in serum
{(W/W)
0.931
0.590
0.391
0.321
2.10
5.568
2.40
2.36
3.13
2.99
0.511
0.375
0.689
0.582
0.628
0.735
0.680
0.835
0.743
0.636
0.605
0.617
0.573
0.580
0.649
0.755
0.655
0.575
0.314
0.333
0.350
0.339
0.303
0.276
0.464
0.326
0.288
0.299
0.242
0.249
0.272
0.257
0.254
0.256

Page 1

Average
ppm F-
in serum
{(W/W)

0.633

0.707
0.789
0.620
0.595
0.614

0.705

0.341

0.289
0.395
0.293
0.246
0.265

0.255

serum
burned
(mL)
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

Dosage

(mg/kg)

500

500

500

500

500

500

500

100

100

100

100

100

100

100

RPT129.XLS
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Medicine, Health Physics 3M Center, Building 220-2E-02
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Oral Developmental Toxicity (Teratology) in Rats and Rabbits

An oral teratology study in rats with potassium perfluorooctanesulfonate was conducted
at Riker Laboratories (Riker Pharmaceutical Pathology / Toxicology Laboratory).

Dose levels (oral) given to the pregnant rat dams were O, 1, 5, and 10 mg/kg.

Maternal toxicity (reduced weight gain) occurred at the high dose of 10 mg/kg on days
6 through 15 of gestation. Evidence of fetal toxicity was not found at any dose level.
No skeletal and soft tissue teratogenic changes were found at any dose level with one
exception. A change in the lens of the eye was found in all dose groups including the
control but the incidence in high dose group was significantly higher. This change was
reported as a developmental eye abnormality and the summary of the report states the
compound was teratogenic. An outside consultant and teratology expert, Dr. E.
Marshall Johnson from Jefferson Medical College, visited 3M and reviewed the rat pup
eye specimens in question. He concluded that the eye/lens changes were, in fact,
sectioning artifacts and not compound related teratology abnormalities (see enclosed
letter). A repeat study was conducted at Hazleton Laboratories America (see below)
which revealed no effects on the lens.

In the subsequent study mentioned above, potassium perfluorooctanesulfonate
(suspended in corn oil) was administered on gestational days 6-15 by oral gavage to
groups of 25 pregnant Sprague-Dawley CD rats at doses of 0 (control), 1, 5, and 10
mg/kg/day (Hazleton Laboratories America). Severe maternal toxicity occurred in the 5
mg/kg and 10 mg/kg dose groups, as evidenced by significant reductions in mean body
weight gain, terminal body weight minus gravid uterine weight and food consumption
compared to control dams, actual losses in body weight on commencement of treatment
among numerous dams and death in two dams in the 10 mg/kg dose group prior to
gestational day 20. Mean body weight gains (days 0-20) at 5 and 10 mg/kg were 104 +
35 (S.D.) and 34 + 73 (S.D.), respectively, as compared to 125 + 24 (S.D.) in the control
group. Mean food consumption values (days 0-20) at 5 and 10 mg/kg were 363 + 60
(S.D.) and 264 + 90 (S.D.), respectively, as compared to 421 + 28 for the control group.
Mean terminal body weight minus gravid uterine weight at 5 and 10 mg/kg was 293 + 28
(S.D.) and 241 % 60 (S.D.), respectively, as compared to 321 £ 23 (S.D.) in the control
group. Clinical signs in surviving dams included hunching, lower body weight, alopecia,
rough haircoat, anorexia. Gastrointestinal and kidney lesions were noted in the high-
dose dams.

Treatment-related fetal effects that were attributed to maternal toxicity included:
increased resorptions and fetal death, decreased fetal body weight, delayed skeletal
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ossification, cleft palate, subcutaneous edema and cryptorchism (undescended testicles).
These effects occurred primarily in the high-dose group. The maternal and fetal
NOAETL:s for this study were both 1 mg/kg/day.

An oral developmental toxicity (teratology) study in rabbits was conducted at Argus
Laboratories. In this study, dose groups of 22 pregnant new zealand white rabbits were
dosed on days 7 through 20 of gestation with either 0, 0.1, 1.0, 2.5, or 3.75 mg/kg/day
PFOS.

Maternal toxic effects included: 1) decreased body weight at the highest three dose levels
with a minimal effect at the 1.0 mg/kg dose; 2) decreased food consumption at the
highest two doses; 3) frequent scant feces at the highest dose, and 4) increased abortions
at the highest two doses.

Fetal toxic effects included reduced fetal weight and an increase in delayed ossification at
the highest two doses. No teratogenic events were observed in the study.

Based on this study, PFOS was not teratogenic under conditions of the study and the
maternal and fetal NOELs are 0.1 mg/kg/day and 1.0 mg/kg/day, respectively.

Thus, the weight of the evidence indicates that perfluorooctanesulfonate does not cause
teratogenic effects in rats and rabbits when dosed at levels which are not maternally
toxic. The lens change observed in rat pups in the Riker Pharmaceutical study was a
sectioning artifact and was not found upon repeat studies at an independent laboratory.
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OFFICE OF QUALITY ASSURANCE

Project Title: Rat Teratology Study

Project No.: 154-160

Quality Assurance inspections of the study and review of the final report
of the above referenced project were conducted according to the standard
operating procedures of the Office of Quality Assurance and according to
the general requirements of the Good Laboratory Practice regulations that
were issued on December 22, 1978, by the Food and Drug Administration for
compliance on and after June 20, 1979. Findings from the inspections and
final .report review were reported to management and to the study director
on the following dates: .

Inspections/Review Findings Reported Insﬁector/Revfewer
Protocol 6/15/83 6/15/83 E. Burroughs

Study 7/6,8,11,12/83 7/15/83 E. Burroughs
Final report 12/6-9/83 12/16/83 P. Runge

0ffice of Quality Assurance °
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MATERIAL: T-335]

SUBJECT: FINAL REPORT
Rat Teratology Study
Project No. 154-160

SUMMARY

T-3351, suspended in corn oil at concentrations intended to
deliver 1, 5, or 10 mg/kg/day (Groups 2, 3, and ‘4, respectively), was
administered by oral intubation to mated female Sprague-Dawley CD® rats
on presumed gestation Days. 6-15. A fourth group (Group 1) of mated
females served as the control group and received the vehicle only.

Two Group 4 females died.  Treatment-related clinical
observations noted in Groups 3 and 4 4included thinness, hunched
appearances, rough haircoats, alopecia, and anorexia. Food consumed by
Groups 3 and 4 animals was significantly less than -control both during "
treatment and throughout gestation. Compared to control body weight
gains, significantly less body weight was . gained by Group; 3 and 4
females throtghout gestation. Actual loss of body weight occurred in
Groups 3 and 4 animals once treatment had been initiated. Terminal bédy

weight minus gravid uterine weight was also significantly decreased in
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Groups 3 and 4. Treatment-related gross’ pathology in Group 4 animals
included incidences of gastrointestinal tract effects.

Statistical analysis revealed a positive treatment-related trend
in fetal loss, attributable primarily to an increased incidence of late
resorbing fetuses and dead fetuses in litters from Group 4 dams. Mean
male and female fetal body weights were significantly decreased in
fetuses Groups 3 and 4 litters. Significant increases in external and
visceral anomalies occurred in fetuses from Group 4 dams and jincluded
subcutaneous edema, cleft palate, and cryptorchism. Anomalies were
observed primarily 1in fetuses from Group 4 dams exhibiting signs of
severe maternal toxicity, i.e., decreased food consumption and weight
loss. Fetal toxicity manifested as increased numbers of late resorbing
fetuses and dead fetuses, decreased fetal body wéights, and delays in
skeletal system ossification occurred in litters derived from that group
as well.

The specificity and frequency of these results indicate that
administration of T-3351 to pregnant rats during Days 6-15 of gestation
at a dose of 10 mg/kg results in maternal toxicity, fetotoxicity and an
increased incidenee of external and visceral anomalies and skeletal
variants.

T-3351 did not appear to be teratogenic in rats at dose levels

less than or equal to 5 mg/kg.
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INTRODUCTION

This study was designed to evaluate the embryo/fetal toxicity
and teratogenic potential of T-3351 when administered by oral gavage fo
pregnant rats during the period of fetal organogenesis. The rats were
placed in breeding on June 27, 1983, and cesarean sections were completed.
on July 26, 1983. The study was conducted according to a protocol de-
signed to satisfy existing guidelines of the Food and Drug Administration
as well as Good Laboratory Practice Regulations. This report presents

and discusses the methods and results from'the study.

CONTROL AND TEST MATERIALS

_ The vehicle and control material, Ouke's® Corn 011 (Lot No.
80275), a slightly viscous, yellow liquid, was received from the C. F.
Sauer Co., Richmond, Virginia, and was stored at room temperature.

The test material, T-3351, a white powder, was received from the
sponsor on January 5, 1983, and was stored at room temperature. The test
material was assumed to be 100% active compound. Information on the
methods of synthesis, stability, as well as data on composition, or other
characteristics which define the test materia].. are on file with the

sponsor.
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TEST ANIMALS

Two hundred sixty (one hundred thirty/sex) sexually mature,
cesarean-derived Sprague-Dawley Cr1:C0® (SD)BR rats were received froﬁ
Charles River Breeding Laboratories, Inc., Kingston, New York, on June 8,
1983. The rat was selected for use in this study because historically
this species has been used in teratology studies and is required by
appropriate regulatory agencies. The animals were housed individually in
elevated stainless-steel cages and acclimated to laboratory conditions
for ‘approximately three weeks prior to initiation of the study. DOuring
this time, two male rats were euthanized due to an unthrifty appearance.
Following an -examination by a staff veterinarian for health status, one
hundred twenty eight.rats/sex were p]acéh in breeding.

The rats were housed one male and one female per cage during
breeding. Following confirmation of mating, the females were uniquely
identified by ear tags and individually housed in efevated stainless-
steel cages. Food (Purina Rodent Laboratory Chow® 5001) and tap water
(via an automatic watering system) were available ad 1ibitum. The mean
room temperature &+ the standard deviation was 72.9%F + 1.36 and the

mean relative humidity +

the standard deviation was 69.1% + 3.16 during
the study. A twelve-hour light/dark cycle was maintained.
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METHODS

Mating Period

During the mating period, one female was paired with one maie
until mating was confirmed or until two weeks had elapsed. A sufficient
number of mated females, during the course of this study, were obtéined
after nine days of cohabitation and mating was discontinued. Daily vag-
inal examinations of each female were performed to detect the presence
and viability of sperm or the presence of a copulatory plug. The day of
observation of sperm or copulatory plug was designated as "Day 0" of

gestation.

Groups and Dosage Levels

Upon confirmation of mating, each female was assigned to one of
the following groups by use of a table of random numbers (Cochran and

Cox, 1957).

Group Number_ of Females Dose®
mg/kg/day
1 . 25 0
2 25 4 -1
3 25 5
4 25 ' 10

2 Based on individual animal body weights af each weighing interval
during the dosing period. Animals were dosed on Days 6 through 15 of
presumed gestation.

A1l males and all remaining females were sacrificed via carbon

dioxide asphyxiation and discarded without necropsy once a sufficient

number of matings were confirmed.
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Compound Preparation and Administration

Suspensions of the test material in the corn oil vehicle were

prepared on a weight per volume basis. The required amount of compound
for each level was weighed on an electronic Arbor 126 balance and trans-
ferred to a '{ ml tissue grinder. Approximately 3 ml of corn oil was
added and the test material was ground into a fine suspension. = This
suspension was transferred to aAprecalibrated beaker and any remaining
compound in the tissue grinder was rinsed into the beaker. Add1tionq1
‘corn oil was added to the suspension to produce'the desired concentration
and the suspension was mixed on a magnetic stirrer. Prepared suspensions
were mixed wiih a magnetic stirrer during dosing.

Females were given the appropriate dosing suspension or vehicle
by oral intubation on a daily basis beginning on Day 6 and continuing
through Day 15 of presumed gestation. The dose administefed to each
female was based on the most recently recorded individual body weight.
The test material was administered orally because of the relative ease
and accuracy of dosing.

Fresh dosing suspensions were prepared weekly and stored under
refrigeration (approximately 40°F). Samples of each test mixture as

well as the vehicle were sent to the sponsor for analysis.

MafernaT Observations and Records
- A1l animals were examined twice daily for mortality and moﬁibun-
dity (from day of receipt through animal sacrifice) and once daily for

clinical signs of toxicity and pharmacologic effects (throughout gesta-

tion). 1ndividual body weights were recorded at-initiation and on Days

L

u;;,!
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6, 8, 12, 16, and 20 of presumed gestation. Food consumption during

gestation was determined on Days 6, 8, 12, 16, and 20.

Cesarean Sacrifice

A gross necropsy was performed on all females found dead or
terminally sacrificed. The uterus and ovaries from found dead females
were removed and examined for the number of implantation sites and
corpora lutea. Prior to terminal sacrifice and cesarean section on Day
20 of gestation, all surviving females were assigned  random numbers so
that all personnel performing cesarean sections and/or subsequent
external, visceral, or skeletal examinations of the fetuses were unaware
of the dose level from which the animals were derived.

On Day 20 of gestation, all sprviving females were weighed and
sacrificed by carbon dioxide asphyxiation. The uterus from each female

was excised, weighed, and examined for the number and placement of

(v

uterine implantation sites, number of live and déad fetuses, number of
early and late resorbing fetuses, and any abnormalities. The uterus was '
not reweighed after the contents were removed. The ovaries were examined
for the number of corpora lutea. Each female was examined grossly for
any abnormalities. _

tach fetus was sexed, weighed, examined externally, and tagged
for identification. Beginning at the ovarian end of the left uterine
horn and continuing past the cervix into thg right uterine horn, the
first available fetus was fixed in Bouin's solution for visceral evalua-

tion. The next two fetuses were processed for skeletal evaluation. This
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process was repeated until all available fetuses were selected for

evaluation. Dead fetuses were discarded without examination.

Visceral Examination of Fetuses

Approximately one-third of all live fetuses from each litter was
fixed in Bouin's '501ution~ and sectioned by the Wilson Technique for
assessing soft tissue development (Wilson and Warkany, 1965). During
visceral examination of the fetuses, particular attention was paid to
examination of the eyes, palate, and brain. Stainless-steel razor blades

were used for sectioning procedures.

Skeletal Examination of Fetgses

' The remaining fetuses were eviscerated and placed in 95% ethyl
alcohol. After proper fixation and dehydration, the skeletons were
macerated and stained in 1% KOH with an alizarin red solution, and
cleared in 30% glycerol (modified Staples and Schnell, 1964). This eval-
uation included examination of the skull, long bones, vertebral co1umﬁ.
rib cage, extremities, and pectoral and pelvic girdies. .Bone alignment

and degree of ossification were assessed.

Tissue Preservation

The following are the procedures for preservation of the various
tissues: (1) The Pterus and ovaries of each animal were preserved in 10%
neutral buff;red fo;;a11n;.(2) The fetuses examined by Wilson's techaique
were p1éced in tissue capsules, preserved in 95% ethyl aicoho1 and sealed

in plastic bags after sectioning; (3) Fetuseé stained for skeletal
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examination were preserved in plastic .bags containing a glycerol:ethyl
alcohol (1:1) solution with several crystals of thymol to retard

bacterial and mold growth.

Statistical Analyses
Maternal body weight changes (Days 6-8, 6-16, 16-20, and 0-20),

total food consumption (Days 7-8, 7-16, 17-20, and 0-20), gravid uterine
weight, and terminal body weight minus gravid uterine wefght data of the
control group were compared statistically against the data of the
compound-treated groups of the same sex.

Analyses of the above data were performed in the following
order: Levene's test‘for homogeneity of variance (Levene, 1960; Draper
and Hunter, 1969) was performed and if the variances proved to be homo-
geneous, the data were analyzed by one-way classification analysis of
variance (ANOVA) (Winer, 1971). If the variance proved to be hetero-
geneous, a series of transformations was performed'unt11 variance homo-
geneity was achieved. These transformations were 10910, square (Xz),

square root (x1’2 1/2

), reciprocal (1/X), angular (arcsine X ), and
rank, in that order. If rank transformation was ineffective in removing
variance heterogeneity, ANOVA of ranked data was completed. If ANOVA of
untransformed or transformed data was significant, DOunnett's <t-test
(Dunnett, 1955 and 1964) was used for control vs. compound-treated group
mean comparisons. If ANOVA was not significant, the analysis was complete.

Data transformations are designated throughout this report as

presented on the following page.



QY HAZLETON wsoraronies averica e,

FIA00 LEESAUAG TLONEIKE VIENNA, VIAGINIA 32180, U.S A 1 54-] 60

-10 -

>
]

Data analyzed following logyg transformation.

B = Data analyzed following square (X2) transformation.

C = Data analyzed following square root (X'/2) transformation.

D = Data analyzed following reciprocal (1/X) transformation.

E = Data analyzed following angular (arcsine x1/2)
transformation.

F = Data analyzed following rank transforﬁation.

Mean fetal body weights per litter were statistically analyzed

as follows: Bartlett's test for homogeneity of variances (Bartlett,

1937) was performed by one-way classification of covariarice (ANCOVA)

(Winer, 1971). If ANCOVA was significant, control vs. treatment group

comparisons were analyzed usiné the Games and Howell modification of the

Tukey-Kramer honestly significant difference test (Games and Howell,
1976) . |

Tests for homogeneity of variances, ANOVA, and ANCOVA were
eva1uated at the 5.0% one-tailed probability 1level. Control s,
compound-treated group mean comparisons of the above data were evaluated
at the 5.0% two-tailed probability 1§ve1.

In addition to the above data, percent fetal viability, percent
fetal loss (dead and resorbing fetuses), percent early, 1$te, and total.
resorptions, and the number of dead fetuses were analyzed by
nonparametric one-way ANOVA (Kruskal and Wallis, 1952, 1953; Miller,
1966) and the Terpstra-Jonckheere test for trend (Terpstra, 1952;
Jonckheére, 1954). The litter was used as, the experimental unit. The

teratology data 1listed on the next page were analyzed using the
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Cochran-Armitage test for linear trend in proportions (Cochran, 1954;

Armitage, 1955; Fleiss, 1981) and Fisher's "exact" test (Fisher, 1950).

Visceral Anomalies Skeletal Variants

Subcutaneous edema Skull

Cleft palate Pectoral girdle

Cryptorchism Rib cage

Number of litters affected Vertebral column

Number of fetuses affected Pelvic girdle
Limbs

Bone alignment
Number of litters affected
| Number of fetuses affected

If a significant trend was noted, the results of Fisher's "exact" test
were evaluated at the one-tailed, 5% level. 1If a significant trend was
not observed, or if there was a significant trend with severe departure
from it, the‘resu1ts of Fishér‘s “exact" test were evaluated at the two-
tafled, 5% level. When using these sfatistica1 tests on indices, the
actual proportions prior to conversion to percentages were the data that
were analyzed.

Statistical references are appended to this report, and statis-
tically significant differences, as indicated by the aforementioned
tests, are designated throughout this report by the term “significant"
and/or as follows:

S+ = Significantly higher than the control value.

S-

Significant]y lower than the control value.

Specimen, Raw_Data, and Final Report Storage

A1l specimens, raw data, and the final Eeport-are stored in the

archives of Hazleton Laboratories America, Inc.
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RESULTS - MATERNAL -DATA

Mortality and Clinical Observations

Individual clinical observations are presented in Appendix 1. A
summary of clinical observations is presented in Table 1.

Two Group 4 females were found dead on Day 17 prior to cesarean
section on Day 20 of gestation. No other animals were found dead or
sacrificed in extremis during the study.

Treatment-related clinical observations were noted in several of
the Groups 3 and 4 animals during the treatment and posttreatment phases;
These observations included hunched and thin appearances, anorexia,
bloody discharge from vagina, urine stains, alopecia, rough haircoat and

bloody crust.

Body Weights and Food Consumption
Individual and mean body weights and body weight changes are

presented in Appendix 2 and Table 2, respectively. Individual and mean
food consumption values are presented in Appendix 3 and Table 3,
respectively.

Statistical analysis revealed a significantly lower than control
mean body weight gain in the Groups 3 and 4 females for Days 6-8, 6-16,
and 0-20 of presumed gestation. These findings were considered to be
treatment related since, compared to the trea;mentfphase. there was a
proportionally greater than control increase in mean body weight gain in

the treated females during the posttreatment phase (Days 16-20).

Ty enem R e gt maw";ﬁﬂk&xﬂn St s,
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Mean total food consumption was significantly lower in the Group
4 females duriqg- Days 17-20. Significant decreases 1in mean food
consumption were also noted in the Groups 3 and 4 females during Days
7-16 and 0-20 of presumed gestation when compared to control, concomitant

with fhe decrease in body weight gain during the same intervals.

Uterine Weights

Individual and mean terminal body weights, gravid uterine
weights, and terminal body weights minus gravid uterine weights are
presented in Appendix 4 and Table 4, respectively.

The mean gravid uterine weight of the Group 4 females was sig-
nificantly lower than control. The mean terminal body weights minus the
gravid uterine weights.were lower in theskreated groups when compared to
the control group, with significant decreases hoted in the Groups 3 and 4

females.

Gross Pathology

A summary of maternal gross pathology findings is presented in
Table 5.
An increased incidence of stomach lesions was noted in the Group

4 animals. Remaining gross pathology findings were considered incidental.
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RESULTS - CESAREAN DATA

Individual and mean ovarian and uterine data are presented in
Appendix 5. Individual and mean litter data are presented in Appendix 6;
Individual visceral and skeletal findings in fetuses are presentéd .1n
Appendices 7 and 8, respectively. Summary ovarian and uterine data are
presented in Table 6. Summary litter data are presented in Table 7.
Summaries of the external, visceral, and skeletal findings are presented

in Tables 8 through 14.

Pregnancy Rates, Corpora Lutea, and Uterine Implantations

Pregnancy rates, number of corpora 1utéa. and implantation

efficiencies were comparable for all groups.

Fetal Viability, Weight, and Sex

The mean incidence of early resorptions was comparable between

7

the control and treated groups. Nonparametric analyses of the ﬁean
incidence of late resorptions, total resorptions, number of dead fetuses,
~and fetal loss did not indicate statistical significance. However, there
was a significant linear trend towards an increased incidence in these
data with respect to control. The primary trend component was
contributed by the high-dose group. The mean fetal weights of the Groups
3 and 4 males and females were significantly lower than their respective
controls. The percent of male fetuses was 52.29%, 54.24%, and 60.38% for

Groups 2, 3, and 4, respectively, and 44.01X for the control group.
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Fetal Development
Statistically significant findings in the teratology data are

presented in the following chart:

Statistically Significant Teratology Data

Teratology _ Departure
Observation Group: _2 3 4 Trend from Trend
Visceral anomalies
Subcutaneous edema S+ S S
Cleft palate S+ S S
Cryptorchism ) S+ S NS
Number of 1itters affected S+ S NS
Number of fetuses affected S+ S S
Skeletal variants
Skull S+ S+ S S
Pectoral girdle S+ S S
Rib cage S+ S+ S S
Vertebral column S+ S S
Pelvic girdle S~ S+ S S
Limbs S+ S S 5
Bone alignment S+ S NS
Number of litters affected S NS
Number of fetuses affected S+ S S

S = Significant
NS = Not significant
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Significant treatment-related increases in the 1incidences of
visceral anomalies and skeletal variants were noted in the Group 4
fetuses.

The number of Group 4 litters containing anomalous fetuses was
also significantly increased compared to controli External and visceral
anomalies observed fincluded cleft palate, subcutaneous edema, and
cryptorchism. Those anomalies occurred primarily in fetuses derived from

Titters whose mean male or female pup body weights were significantly

below those of the corresponding control 1litters. Dams producing -

affected litters had significantly decreased food consumption throughout
treatment and decreased body weight gain or actual body weight 1loss
during gestation. Numerous clinical signs of toxicity were also present

in these animals.

- o L i

- . -~ —e— .. LN - . v r i s
S Bee o et - s S R e it

b LS .

(



154-160
Table 1

Summary of Maternal Clinical Observations@
Rat Teratology Study of T-3351

Pretreatment Treatment Posttreatment
Days 0-5 Days 6-15 Days 16-20
Group: 1 2 3 4 2 3 4 A2 3 4
Observation ' Dose Level (mg/kg): O 1 5 10 0 1 5 10 0 1 5 10
Number of females examined 25 25 25 25 25 25 25 2% 25 25 25 25 .
Number of females appearing normal 25 25 25 25 21 27 16 N 21 20 W 5 !
Number of femdfles found dead or ‘
sacrificed prior to Day 20 0 0 0 0 0 0 0 0 0 0 0 2
Hunched . : S 2 1 2 16 3
Thin LI T | 2 15 o
Anorexia - N | 1 N 3
Ataxia ) : 1 .;7
Sensitive to touch ’ 1 | ;%
Soft feces 1 Xl
Bloody discharge from vagina 3 2
Urine stains 1 1 15
Alopecia 3 3 5 9 3 5 4 12 - 3
Rough haircoat : 6 6 1 2 13 e
Bloody crust ] 1 5 e
Small eye ' 1 1 . W
Swollen neck _ 1 :

\ .

3Numerals indicate the number of animals with that particular finding.




Mean Maternal Body Weights and Body Weight Changes

Table 2

Rat Teratology Study of T-3351

Body Weight Day(s

Nean Weight (g) 0

12
16
20

Mean Change (g) 0-6
6-8
6-12
6-16F
6-20
16-20F
0-20F

N: Indicates the sample size on which the mean calculations were based.

calculations.

Group 1
0 mg/kg

270.08
N: 24

298.47
N: i 24

301.39
N: 24

318.3
N: 24

338.53
N: 24

395.41
N: 24

28.38
2.93
19.84
40.06
96.95
56.88
125.33

Group 2 Group 3
1 mg/kg 5 mg/kg
271.03 263.25
23 23
296.05 292.80
23 23
298.04 288.22
23 23
308.18 290.09
23 23
329.20 305.34
23 23
389.69 367.1
23 23
25.03 29.54
1.99 -4.585~
12.13 -2.70
33.15 12.545-
93.64 74,32
60.45 61.77
118.67 103.865-

Group 4
10 mg/kg

269.30
22

2917.172

293.63
22

276.25
22

265.12
.22

301.9
22

26.43
-4.055-
-21.48
-32.605-
5.40
36.63
33.455-

Only pregnant females were used

154-160

in mean
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Table 3
Mean Maternal Food Consumption(g)

Rat Teratology Study of T-3351

’

5 A e e 1
— -

&

Interval Group 1 : Group 2 Group 3 Group 4 %

Days 0 mg/kg 1 mg/kg 5 mg/kg 10 mg/kg Y

0-6 132.67  128.01 134.92 133.33 i
N: : 24 23 23 22

1-8 ' 37.48 35.03 31.53 37.64

N: 24 23 22 22 !

9-12 : 74.58 68.38 59.58 36.86 .

N: 24 23 20 18 : i!

13-16 18.52 68.45 _ 57.89 22.15 :

N: 24 23 20 19 v

17-20F 97.25 97.17 * 87.87 39.335- [

: N: 24 23 . 19 14 v

7-168 190.58 171.85 147.915- 97.635- 3‘.—2

N: 24 23 19 17 5

0-208 | " 420.49 397.03 363.145" 1262.895- f

_ N: 24 23 18 - 13 : -

b

¢

N:" Indicates the sample size on which the mean calculations were based. Only pregnant females were used in mean
calculations. Invalid food consumption values were not included in mean calculations.

™




6Group and

Dose Level

1
0 mg/kg

2
1 mg/kg

3
5 mg/kg

4
10 mg/kg

aThe gravid uterine weight of one Group 3 female was inadvertently not recorded.
N: Indicates the sample size on which the mean calculations were based.
calculations.

Table 4

Mean Terminal Body Weights, Gravid Uterine Weights, and Terminal Body Weights
Minus Gravid Uterine Weights
Rat Teratology Study of T-3351

Terminal Gravid B
Body Weight Uterine Weight
395.41 74.35
N: 24 24
389.69 15.59
N: 23 23
367.1 713.46
N: 23 228
301.91 60.515-
N: 20 20

L

Terminal Body
Weight Minus

Gravid Uterine Weight

321.07
24

314.10
23

293,385~
222

241.405"
20

Only pregnant females were used fn mean
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Organ _and Description

Number of animals examined
Number with no gross pathology

THYMUS
Firm
Enlarged

LUNG
Focal areas - dark red

HEART
Right atrium enlarged

SPLEEN

Enlarged
Cystic

KIDNEY(S)
Enlarged .
Irregularly shaped
Pale
Pelvis dilated
Constricted across midline
- Mottled tan and dark red
Pelvis had a firm, white calculus

ABDOMEN
Tissue mass

Table 5
Summary of Maternal Gross Pathology Findings

Rat Teratology Study of T-3351

154-160

Group: 1 2 3 4
Dose Level (mg/kg): 0 1 5 10
25 25 25 23 (2)
22 24 19 16 (0)
/
1
1
1
1
)
1
1
1
1 2
] 5 2 (1)
1
1
1
1

( ) = Findings in animals found dead during the study.
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Organ _and Description

STOMACH
Glandular mucosa

reddened

Nonglandular mucosa

pitted areas

Table 5 - Continued
Summary of Maternal Gross Pathology Findings
Rat Teratology Study of T-3351

Group:

154-160

1 2

Dose Level (mg/kg):

depressed area - red
raised area - dark (thin section in wall)

pinpoint, depressed areas

walls thin

) - dark foci
Distended with dark red material
Contained yellow mucous

Walls thickened
Walls thin

PEYER'S PATCHES
Enlarged/prominent

MANDIBULAR LYMPH NODES
' Reddened

ALL LYMPH NODES
Enlarged

URINARY BLADDER
Walls thickened
Contained thick white fluid

OVARY( IES)
Clear fluid- filled cyst

thickened area - red

( ) = Findings in animals found dead during the study.

0 1

-

(1)
m

(1)

(1)
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Key to Tables 6-14

Pregnancy rate (percent) - (number of pregnant rats/number of rats mated)
x 100.

Survival Rate (percent) - (number of rats surviving to Day 20/number of rats
placed on study at {nitiation) x 100.

Mean Implantation Efficiency (percent) ~ Group mean of ([implantations per

litter/corpora lutea per litter]
x 100).

Mean Incidence of Resorptions (percent)® - Group mean of ([(resorptions per

litter/implantations per litter]
' x 100).
Mean Incidence of Fetal Mortality (percent) -~ Group mean of ([dead and re-
sorbing fetuses per 1litter/
implantations per 1litter] «x
100).

=
[

n_Incidence of Fetal Viabjlity (percent) -~ Group mean of ([live fetuses
per 1litter/implantations per
litter] x 100).

Mean Incidence of External Variants (percent) - Group . mean of ([number of
fetuses per Jitter with
external variants/number of
fetuses per 1litter examined
externally] x 100).

=
(1]
[

n_Incidence of External Anomalies (percent) - Group mean of ([number of
fetuses per litter with
external anomalies/number of
fetuses per 1litter examined
externally] x 100).

Incidence of Visceral Variants (percent) - Group mean of ([number of
fetuses per litter with
visceral variants/number of
fetuses per litter examined
viscerally] x 100). :

=
(1]
[}
=

dvalues calculated separately for early, late, and total resorptions.

gl




Key to Tables 6~14 - Continued

Mean Incidence of Visceral Anomalies (percent) -

Mean Incidence of Skeletal Variants (percent) -

Mean Incidence of Skeletal Anomalies (percent)

Group mean of ([number of
fetuses per lTitter with
visceral anomalies/number of
fetuses per. litter examined
viscerally] x 100).

Group mean of ([number of
fetuses per litter with
skeletal variants/number of
fetuses per 1litter examined
ske]eta11y] x 100).

- Group mean of ([number of

fetuses per Titter with
skeletal anomalies/number of
fetuses per 1litter examined
skeletally] x 100).



Table 6

Summary of Mean Ovarian and Uterine Data
Rat Teratology Study of T-3351

Number of females with mating confirmed
Number of pregnant females

Pregnancy rate (%) '

Number of females surviving to Day 20
Survival rate (%)

Mean number of:
Corpora lutea
Implantations
Early resorptions
Late resorptions
Total resorptions

Indices calculated gn a per litter basis:
Mean implantation efficiency (X)
Mean incidence of early resorptions (%)
Mean incidence of late resorptions (%)
Mean incidence of total resorptions (%)

80ne late resorption was noted for female No. 27086, therefore,

154-160

Group: 1 2 3 4
Dose Level (mg/kg): 0 1 5 10
25 25 25 25
24 23 23 22
96 92 92 88
25 25 25 23
100 100 100 92
16.6 15.9 15.8 16.6
14.5 14.4 14.6 14.4
1.0 0.8 0.7 1.6
0.0 0.0 0.03 0.9
1.0 0.8 0.7 2.4
87.90 91.14 92.70
7.00 5.53 4.70
0.00 0.00 0.29
1.00 5.53 5.00

the actual mean was 0.04.

SEDNA



Mean number of;
Fetuses - dead
- Hve

Indices calculated on a per Vitter basis:

Mean inciderite of fetal mortality (%)€
Mean incidence of fetal viability (X)
Mean percent males (%)

Live fetuses
Mean body weight (g)d
Males -~ unadjusted mean
- covarfance adjusted mean
Females - unadjusted mean
-~ covariance adjusted mean

3sex, percent males, and mean body weight data include values for live fetuses only.
bone dead fetus was noted for female No. 21101, therefore, the actual mean was 0.04.

Table 7
Summary of Mean Litter Data?
Rat Teratology Study of T-3351

Group:
Dose Level (mg/kg):

CPercent mortality includes resorptions as well as dead fetuses.
dstatistical analysis performed on covariance adjusted means.

154-160

1 2 3 4
0 1 5 10
0.0 0.0 0.0b 0.5
13.5 13.6 13.8 11.6
7.00 5.53 5.28 19.43
93.00 94.47 94.72 80.59
44.0) 52.29 54,24 60.38
3.28 3.23 3.10 2.64
3.28 3.23 3.105- 2.635-
3.11 3.10 2.97 2.517
3.16 3.10 2.975-  2.595-
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Number of fetuses examined

Number of fetuses within normal 1imits
Number of fetuses with variants

Number of fetuses with anomalies

Number and type of anomalies
Skin - edematous
Palate - cleft

" Table 8
.Summary of External Findings
Rat Teratology Study of T-335)

Group:
Dose Level (mg/kg):

154-160

1 2 3 4
0 1 5 10
325 313 N7 23
325 313 Nl 196

0 0 0 0
0 0 0 35
0 0 0 45
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Table 9
Summary of Visceral Findings
Rat Teratology Study of T-3351
Group: 1 2 3 4
Dose Level (mg/kg): 0 1 5 10
Number of fetuses examined _ 115 ns3 115 81
Number of fetuses within normal limits m 105 108 56
Number of fetuses with variants 4 8 5 1
Number of fetuses with anomalies , 0 1 2 24
Number and type of variants 4 10 5 1
Brain - cerebral hemisphere contained dark area 1
Eve(s) - contained dark-material 1
Liver - dark areas 1
Kidney(s) - pelvis dilated 4 2
Ureter(s) - distended : . 3 5 2
- undulated ' 1
Number and type of anomalies ' 0 1 3 44
Skin - edematous ‘ ) 1 1 12
Palate - cleft 15b
Cryptorchism 2 8

ATwelve fetuses with edematous skin seen externally were confirmed at visceral examination.

bFour fetuses with cleft palate seen externally were confirmed at visceral examination.
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Table 10
Summary of Skeletal Findings
Rat Teratology Study of T-3351 ;j
RY
7,
Group: 1 2 3 4
Dose Level (mg/kg): 0 1 5 10
Number of fetuses examined 210 200 202 150
Number of fetuses within normal 1imits 134 n3 135 63 *
Number of fetuses with variants 16 87 617 87 - [
Number of fetuses with anomalies 0 0 0 0 )
Number and type of variants 150 193 147 349
Lagging ossification '
Skull - incomplete closure (<75%) 6 15 117 46
- interparietal ossification incomplete/nonossified 30 40 15 29
- parietals ossification irreqular 1 14 1
- supraoccipital ossification 1ncomplete/nonossif1ed 23 31 23 36
- supraoccipital nonfused 1 17 v
- hyoid ossification incomplete/nonossified 22 46 13 8 N
Pectoral girdle - scapula ossification incomplete ) 6 o
Rib cage - sternebrae bipartite 1 14 62 0
- sternebrae 1 and 2 fused 1 3
- sternebrae <3 ossified 5 1 4 9 '
- ribs <13 ossified? 1
- ribs >13 ossified (cervical region) 2
- ribs 13th pair smalld 4
' - ribs ossification irregular 1 2 1
Vertebral column - sacral arches nonossified ] 2 2 13
- thoracic centra ossification incomplete/nonossified 18 20 18 15
- thoracic centra nonfused 10 12 5 6
- caudals <3 ossified 13 5 14 34
Pelvic girdle - pubis ossification incomplete/nonossified 8 4 15
--ischium nonossified 1 2 2
Forelimbs - <3 ossified 1 2 5
Hind1imbs - <4 ossified 2 1 6 36
Bone Alignment .
Ribs - angulated 1 4 4 -9 w5
Sternebrae - checkered 1 L

Apossible preparation damage at time of evisceration. ' ?



Table 1

Incidence of External Findings Per Litter
Rat Teratology Study of T-335)

Number of litters examined

Number of litters within normal 1imits
Number and percent of 1itters with variants
Number and percent of litters with anomalies

Numher and percent of 1itters with anomalies
Skin - edematous
Palate - cleft

154-160 °

cmnre .
PN

Group: | 2 3 4 3
Dose Level (mg/kg): 0 1 5 10 T
24 23 23 18
24 23 23 12
0/0.00 0/0.00 0/0.00 0/0.00
0/0.00 0/0.00 0/0.00 6/33.33

]
v

4/22.22
6/33.33




Table 12

Incidence of Visceral Findings Per Litter
Rat Teratology Study of T-3351

Number of 1itters examined

Number of litters within normal limits
Number and percent of litters with variants
Number and percent of litters with anomalies

Number and percent with variants
Brain - cerebral hemisphere contained dark area
tve(s) - contained dark material ' ‘
Liver - dark areas
Kidney(s) - pelvis dilated
Ureter(s) - distended
- undulated

Number and percent with anomalies
Skin - edematous
Palate - cleft
Cryptorchism

154-160

Group: 1 2 3 4
Dose Level (mg/kg): 0 1 5 10
24 23 23 18
20 16 18 9
aNM16.67 1/30.43 4/11.39 1/5.56
0/0.00 1/4.35 1/4.35 8/44.44
1/4.11
1/5.56
1/4.35
4/11.39 2/8.70
3/12.50 5/21.74 2/8.70

1/4.35

1/4.35 1/4.35 .5/21.18
o 1/38.89
1/4.35 4/22,22 .
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Table 13
Incidence of Skeletal Findings Per Litter
Rat Teratology Study of T-3351
Group: 1 2 3 4
Dose Level (mg/kg): 0 1 5 10
Number of 1itters examined 24 23 23 18
Number of litters within normal limits 1 0 4 3
Number and percent of litters with variants 23/95.83  23/100.00 19/82.61 15/83.33
Number and percent of 1itters with anomalies . 0/0.00 0/0.00 0/0.00 0/0.00
Number and percent with variants
Lagging ossification
Skull - incomplete closure (<75%) 4/16.67 5/21.74 6/26.09 9/50.00
- interparietal ossification incomplete 15/62.50 11/47.83 8/34.18 9/50.00
- parietals ossification irregular 1/4.117 4/11.39 1/4.35
- supraoccipital ossification incomplete 12/50.00 12/52.11 10/43.48 1n/e1r.n
- supraoccipital nonfused 1/4.11 4/22.22
- hyoid ossification incomplete/nonossified 10/41.617 16/69.57 9/39.13 6/33.33
Pectoral girdle - scapula ossification incomplete 2/11.11
Rib cage - sternebrae bipartite 1/4.35 4/11.39 13/72.22
- sternebrae 1 and 2 fused 1/4.11
- sternebrae <3 ossified 3N2.50 1/4.35 2/8.70 3/16.61
~ ribs <13 ossifiedd 1/4.35
- ribs >13 ossified (cervical region) . 1/4.35
- ribs 13th pair smalld 17411
* - ribs ossification irregular . 1/4.11 1/4.35 1/4.35
Vertebral column - sacral arches nonossified 2/8.33 1/4.35 6/33.33
- thoracic centra ossification incomplete/ ~
nonossified 9/317.50 16/69.57 11/47.83 9/50.00
- thoracic centra nonfused 6/25.00 7/30.43 2/8.10 4/22.22
- caudals <3 ossified 6/25.00 4/11.39 5/21.14 1/38.89
Pelvic girdle - pubis ossification incomplete/nonossified 4/16.67 - 1/4.35 4/22.22
- {schium nonossified 1/4.17 1/4.35 1/5.56
Forelimbs - <3 ossified 174117 1/74.35 3/16.67
Hind1imbs - <4 ossified 2/8.33 1/4.35 = 2/8.70 1/38.89
Bone alignment . . '
Ribs - angulated 1/4.11 2/8.70 2/8.10 4/22.22
Sternebrae - checkered : 1/5.56
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Table 14

Mean Incidence of External, Visceral, and Skeletal Findings Per Litter
Rat Teratology Study of T-3351

~ -

%

Group: 1 2 3 . 4 5

Dose tevel (mg/kg): 0 1 5 10 1$

External ;*

)

Mean values calculated on a per 1itter basis: .
Number with variants 0.0 0.0 0.0 0.0 .
Number with anomalies 0.0 0.0 0.0 1.9 R
Incidence of variants (X) 0.0 0.0 0.0 0.0 ;
Incidence of anomalies (X) 0.0 0.0 0.0 18.9 %,
Visceral 1

Mean values calculated on a per 1itter basis:

Number with variants . 0.2 0.3 0.2 0.1 !
Number with anomalies © 0.0 0.0. 0.1 1.3 b
Incidence of variants (%) 4,0 1.0 4.3 1.1 ¥
Incidence of anomalies (X) 0.0 0.7 1.5 nN.?

| Skeletal i

&",

Mean values calculated on a per 1itter basis: §
Number with variants 3.2 3.8 2.9 4.8 3

. Number with anomalies . 0.0 0.0 0.0 0.0 4
‘Incidence of variants (X) 36.3 44.6 32.1 60.2 ﬁ:
Incidence of anomalies (%) 0.0 0.0 0.0 0.0 }3
‘!.
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Appendix 1

Individual Clinical Signsd
Rat Terato]ogy‘squdy of T-3351

Number Group Observation
27032 i Alopecia
27034 1 Urine stains
Bloody crust
Swollen
27042 1 Alopecia
27046 1 Alopecia
27049 1 Alopecia
Alopecia
27057 2 Alopecia
Alopecia
27059 2 Alopecia
Alopecia
Alopecia
27062 2 Thin
27063 2 Alopecia
27065 2 Alopecia
27066 2 Alopecia
27082 3 Alopecia
27083 3 Alopecia
27084 3 Hunched
Thin
Alopecia -
Alopecia
Rough haircoat
27085 3 Rough haircoat
27090 3 Rough haircoat
2709 3 Alopecia
Rough haircoat
27095 3 Hunched.
Rough haircoat
27099 3 Alopecia
Alopecia
27100 3 Hunched
Thin
Anorexia
Urine stains
Rough haircoat
Bloody crust
Bloody crust
Bloody crust
Bloody crust
271101 3 Rough haircoat

Small

Body Area

Paw-fore-right

Nose

Neck
Paws-~fore-both
Paws-fore-both
Abdomen
Paw-fore~right
Paw-fore-left
Paw~fore-both
Hip-right
Leg-hind-right
Side-right

Paw-fore-right
Paw-fore-right
Abdomen
Hips-both
Hip-right

Leg-fore~-right
Leg-hind-right

Paws-fore-both

Hips-both
Legs-hind-both

Eyelids-both
Mouth

Nose
Paws-fore-both

Eye-left
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Dav(s

15-17

. 18-20

20
9-20
8-20
10-1
18-20
19-20
15
16-20
10-14
15-20

10-20

6

17-20
17-20
15-20
15-20
14-20
15-19

10, 15-19
10-14
10-12,14
10-12
7-12

9-11
14-20
8-11,13
8-9,11
10-12,19~20

. 13-20

16-20
16-17,20
16,20
16,20
18-20
16,20
20

20

20

20
8-9
15-20

3Animals not included in this table appeared normal throughout the study.
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Appendix 1 - Continued
Individual Clinical Signs?
Rat Teratology Study of T-3351

Observation

21107 4

27109 4

27111 4

27112 4

27113 4

27114 4

27115 4

27116 4
2117 4

Hunched

Thin

Rough haircoat
Hunched

Thin

Anorexia

Sensitive to touch
Alopecia
Alopecia

Rough haircoat
Bloody crust
Bloody crust
Alopecia
Alopecia
Hunched

Thin

Anorexia

Urine stains
Rough haircoat
8loody crust
B8loody crust
Hunched

Thin

Anorexia

Urine stains
Alopecia
Alopecia
Alopecia
Alopecia

Rough haircoat
Bloody crust
Bloody crust
Bloody crust
Bloody crust
Hunched

Thin

Anorexia

Rough haircoat
Alopecia
Alopecia. _
Alopecia
Hunched

Thin

Anorexia

Body Area

Hips-both
Hip-left

Mouth
Nose
Abdomen
Hips-both

Mouth
Nose

Abdomen
Hips-both
Hip-left
Neck

Mouth

Nose
-Paws-fore-both

Vagina

éides-both
Side-right
Paw-fore-left

e i o

et

i e S T T SRS

154-160

Day(s

18-20

13-17

13-20
9-12,14-20
10-20

16,18-20
10-14,16-18,20
11-20

10

14-20
17,19-20
16-20

3animals not included 1n this table appeared normal throughout the study.

~
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Appendix 1 - Continued
Individual Clinical Signs?
Rat Teratology Study of T-3351
Maternal .
Number Group Observation Body Area Day(s
21117 4 Urine stains 16-20
Rough haircoat 9-20
Bloody crust Genitals 20
Bloody crust Mouth 16~-20
Bloody crust Nose 18-20
Bloody crust Paws-fore-both 16-20
27118 4 Hunched 16-20
Thin ~ 16-17,19-20
Anorexia 19
Rough haircoat 16-18
27119 4 Hunched ' 12-20
Thin 16-20
Anorexia 16-18,20
Ataxia 18-20
Soft feces 8-10
Bloody discharge Vagina 19-20
Urine stains 18-20
Alopecia Hip-left 11
Alopecia Hip-right 12-20
Alopecia . Inguinal-right 13-18
Alopecia Side-right 15-20
Rough haircoat 20
271120 4 Hunched 16
Thin 16
Anorexia -’ 16
Bloody discharge Vagina 16
Rough haircoat 16
Found dead 17
2121 4 Hunched 7-9,11-17
Thin 7-16
Rough haircoat 1-11
21122 4 Hunched 16-17
27123 4 Alopecia Abdomen 10-20
Alopecia Hip-right 12-20
Alopecia Leg-hind-right 20
Alopecia Side-right 18-20
27125 a Hunched 16-20
Thin 16,18-20
Anorexia 16-17,20
Alopecia Abdomen 15-20
Rough haircoat 8-9
Bloody crust Paws~-fore-both 19-20-

dAnimals not included in this table appeared normal throughout the study.
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Appendix 1 - Continued
Individual Clinical Signs?
Rat Teratology Study of T-3351
Maternal
Number Group Observation Body Area Day(s
27126 4 Hunched 18,20
Thin 19 _
Anorexia 16-17,20
Alopecia Hip-left 17-20
27127 q Hunched . 16
Thin 16
Bloody discharge Vagina _ 16
Rough haircoat . 16
Found dead 17
27128 4 Hunched 14-20
Thin 14-20
Anorexia , 17-18,20
Alopecia Paw-fore-right 15-17
Rough haircoat ' 18-20
27129 4 Hunched 14-20
Thin \ 16-20
Anorexia 16
Urine stains ) 19
Rough haircoat 16-20
Bloody crust Paws-~fore-both 16

qAnimals not included in this table appeared normal throughout the study.
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Key to Appendices 2, 3,'and 4

P = Pregnant

NP = Not Pregnant
C = Cesarean Section Performed (preceded by d;y of gestation)
0 = Death (preceded by day of gestation)

MS = Moribund Sacrifice (preceded by day of gestation)

ND = Natural Delivery (preceded by day of gestation)

() = Data excluded from mean calculation.

Explanation of Footnotes

aOniy data from pregnant animals surviving to Day 20 cesarean
section were used in mean calculations.

bInva11d food consumption value not 1nc1udeq in mean ca]cu]ations.

Cgavid uterine weight inadvertently not recorded.
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Appendix 2
Individual and Mean Maternal Body Weights and Body Weight Changesa
Rat Teratology Study of 7-335)
Group 1 - 0 mg/kg

-62-

Body MWeight (g) Body Weight Change {g)

Maternal Dav of Gestation Days

Number  Disposition 0 6 8 12 16 20 0-6 6-8 6-12 6-16F 6-20 16-20F 0-20F
21030 P, 20-C 217.3  303.8  306.8  340.3  350.6  422.5 26.5 3.0 36.5 54.8 ne.1 63.9 145.2
2103 P, 20-C 2609 208.8 284.4  314.1  329.2  388.2 26.9 -4.4 25.3 40.4 99.4 59.0 126.3
21032 P, 20-C 245,71  202.0 292.1  311.5 338.6  404.3 36.3 10.1 35.5 56.6 122.3 65.1 156.6
21033 f, 20-C 256.5  214.3  275.5 299.9  314.4  361.8 17.0 1.2 25.6 40.1 93.5 53.4 M.3
27034 P, 20-C 250, 263.4  259.0 28).)  300.9 341.4 132.3 4.4 11.1 31.5 78.0 40.5 9.3
21035 P, 20-C 32.7 351,  351.0 362.4 353.6  446.6 38.8 -0.5 10.9 2.1 95.) 93.0 133.9
21036 P, 20-C 248.7 219.5 203.3  312.9  340.2  409.0 30.8 3.8 33.4 60.7 129.5 68.8 160.3
2103 NP, 20-C (266.4) (zso 8) (278.7) (272.8) (279.2) (281 1) (-5.6)  (17.9) (12.0) (18.4)  (26.3) (1.9) (20.7)
21038 P, 20-C 253.8 3.4 284.7 296.4 309.1 3713.] 29.6 1.3 13. 25.1 89.7 4.0 ne.3
21039 P, 20-C 9.2 321 4  330.6 343.5  365.). 427.1 30.2 9.2 22.1 43.7 105.7 sz 0 135.9
21040 P, 20-C 241.6  213.8  272.0 289.2 310.9 348.8 32.2 -1.8 15.4 31.1 75.0 3.9 107.2
2704) P, 20-C 200 217.3 281.2  293.5  319.9  34.) 36.2 3.9 16.2 42.6 96.8 54.2 133.0
21042 P, 20-C 259.8  286.6 .294.7 307.2  333.2  381.9 26.8 8.1 20.6 46.6 95.3 48.7 1221
21043 P, 20-C 287.1  310.9 318.1 334.8  345.6  368.2 23.8 1.2 23.9 34.17 51.3 22.6 . 81.1
21044 P, 20-C 218.7 297.4 297.9 302.5 336.5 390.8 18.7 0.5 5.1 331 93.4 54.3 1n2.
21045 P, 20-C 218.0 316.0 312.9 328.4 342.8  381.8 38.0 -3.1 12.4 26.8 65.8 39.0 103.8
27046 P, 20-C 269.8 293.6 294.1 313.2  336.0 384.5 23.8 0.5 19.6 42.4 90.9 48.5 4.2
21007 P, 20-C 294.0  323.6 3200 34.5  311.3 3. 29.6 -3.§ -9.1 -6.3 41.5 53.8 7.1
27048 P, 20-C 298.5 3217 330.5 352.0 378.8 436.8 29.2 2.8 24.3 51.1 ma 60.0 140.3
21049 P, 20-C - 2101 310.Y  327.1 343.1  3716.1  441.0 40.0 11.0 33.0 66.0 136.9 0.9 176.9
21050 P, 20-C 260.5  205.3 293.6 316.8° 334.3  392.5 24.8 8.3 3.5 49.0 101.2 58.2 132.0
2105) P, 20-C 216.0  306.6 307.2 321.4  345.4  399.4 30.6 0.6 14.8 36.8 92.8 54.0 123.4
21052 P, 20-C 215.2 299.0 306.6  327.)  356.8  422.2 21.8 1.6 28.1 51.8 123.2 65.4 141.0
21053 P, 20-C 280.8 306.0 303.6 294.2  329.6 . 396.2 25.2 2.4 -1.8 23.6 90.2 66.6 5.4
21054 P, 20-C 212.9  301.2  306.4 333.4 351.8 412.6 28.3 5.2 32.2 50.6 111.4 60.8 139.7

N 1} 1 24 24 24 24 2 24 7] 7] 24 24 7]
Mean 270.8  298.47 301.39 316.31 338.53 395.4] 28.38 2.93 19.84 40.06 96.95 56.88  125.33
S.0. 18.790 20.580 21.463 21.071 20.479 28.666 6.658 5.364  12.585  16.908  21.937  13.152 24.174
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Appendix 2 - Continued
Individual and Mean Maternal Body Weights and Body Weight Changes?2 ;
Rat Teratology Study of T-3351
Group 2 - 1 mg/kg

Body Weight (g) - Body Weight Change (q)

Maternal Day of Gestation ) Days B .

_Number  Disposition 0 6 8 12 16 20 0-6 6-8 6-12 6-16F 6-20 16-20F  0-20f

21055 P, 20-C 268.7 290.8 294.2 310.5 329.2 381.3 2.0 3.4 19.17 38.4 90.5 51.2 112.6

21056 P, 20-C 294 .4 J18.8 323.2 343.3 360.2 429.0 24.4 4.4 24.5 4).4 110.2 68.8 134.6

2105/ P, 20-C 262.2 286.5 282.8 295.17 303.7 372.2 24.3 -3.1 9.2 15.2 85.17 10.5 110.0

21058 ¢, 20-C 282.2 a0 300.5 321a 344.7 401.1 . 29.8 -11.5 15.1 32.7 89.1 56.4 118.9

210%9 P, 20-C 261.8 304.9 302.4 312.6 324.8 366.4 Ny -2.5 1.1 19.9 83.5 63.6 120.6

21060 NP, 20-C (253.4) (272.7) (2712.1) (289.5) (269.3) (272.1) - (19.3) (0.0) (16.8) (-3.4) (-0.6) (2.8) (18.1)

271061 P, 20-C 210.) .o 296.4 303.2 319.8 319.4 30.9 . -4.6 2.2 18.8 718.4 59.6 109.3

21062 P, 20-C 261.0 22081 21n.8 290.7 301.7 356.8 -38.9 43.1 62.6 19.6 1208.7 49.1 9.8

21063 P, 20-C 261.9 298.0 294.7 295.1 311.3 318.1 30.1 -3.3 -2.9 19.3 80.7 61.4 110.8

21064 P, 20-C 261.8 296.0 301.8 3147 325.3 388.7 34.2 5.8 18.7 29.3 92.7 63.4 126.9

21065 P, 20-C 259.8 299.4 294.0 302.8 329.0 397.8 39.6 -5.4 3.4 29.6 98.4 68.8 138.0

21066 P, 20-C 219.1 296.2 304.7 304.7 323.8 362.4 1. 8.5 8.5 21.6 66.2 38.6 83.3

21061 P, 20-C 215.5 307.7 304.5 305.8 336.6 385.5 32.2 -3.2 -1.9 20.9 11.8 48.9 110.0

27068 P, 20-C 211.8 282.0 219.8 298.2 320.1 386.8 10.2 -2.2 16.2 38.1 104.8 66.7 115.0 [
21069 P, 20-C 283.0 . 314.4 317.6 329.3 355.7 $13.7 3104 3.2 14.9 4.3 99.3 58.0 130.7

21010 P, 20-C 263.6 289.4 299.1 292.4 328.6 397.6 25.8 10.3 3.0 40.2 108.2 68.0 134.0 8
210N P, 20-C 265.6 291.9 293.1 295.5 300.2 311.8 26.3 1.8 3.6 8.3 85.9 11.6 12.2 '
210712 P, 20-C 286.2 310.4 316.6 n.a 338.9 413.3 24.2 6.2 0.7 28.5 102.9 4.4 127.)

21013 P, 20-C 215.6 301.6 290.7 306.7 334.3 407.8 26.0 -10.9 5. 2.7 106.2 713.5 132.2

21074 P. 20-C 218.4 324.3 324.8 350.4 380.5 436.3 45.9 0.5 26.1 56.2 112.0 55.8 157.9

21015 P, 20-C 265.1 288.3 292.0 302.4 324.4 3712.3 22.6 3.7 14.1 36.1 84.0 41.9 1066

21016 P, 20-C 259.5 290.7 285.9 - 294.6 316.1 370.8 3.2 -4.8 3.9 25.4 80.1 . 54.7 1n.3
.emon P, 20-C 262.8 293.6 292.5 304.5 328.6 388.4 30.8 -1 “10.9 35.0 94.8 59.8 125.6

21018 P, 20-C 264.9 283.2 290.6 296.8 323.2 276.8 18.3 1.4 13.6 40.0 93.6 53.6 LR R IR

21019 NP, 20-C (258.5) (2B1.7) (215.1) (215.5) (214.5) (213.1) (23.2) (-6.0) (-6.2) (-1.2) (-8.6) (-1.4) (14.6)

N 23 23 23 23 23 23 .23 23 23 23 23 23 23
Mean 2711.03  296.05 298.04 308.18 329.20 389.69 25.03 1.99 12.13 33.1% 93.64 60.45 118.67

5.0. 9.265 18.650 13.221 15.Yn  18.312  20.073 15.895 10.774 13.617 14.547 14.164 9.823 16.015
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Appendix 2 - Continued
Individual and Mean Maternal Body Welghts and Body Weight Changesd
Rat Teratology Study of T7-335)
Group 3 - 5 mg/kg

Body Weight (g) Body Welight Change (g)

Naternal Day of Gestation Days

Number Disposition 0 6 [} 12 16 20 0-6 6-8 6-12 6-16F 6-20 16-20F 0-20f
21080 P, 20-C 211.9 309.2 305.17 3101 343.9 425.3 N3 . -as 0.9 KL 116.1 81.4 141.4
21081 P, 20-C 267.1 291.4 206.9 269.2 299.9 355.0 24.3 -4.5 -2.2 8.5 63.6 55.1 81.9
21082 P, 20-C 256.% 285.0 213.2 219.5 285.2 352.7 28.9 -11.8 -5.5 0.2 61.7 67.5 96.6
27083 P, 20-C 272.9 g 300.1) 306.6 306.0 361.1 28.2 -1.0 5.5 4.9 60.0 55.1 806.2
21084 NP, 20-C (258.7) (300.9) (276.1) (286.3) (246.5) (279.4) (42.2) (-24.8) (-14.6) (-54.4) (-21.5) (32.9) (20.7)
27085 P, 20-C 21 295.2 204.7 3071 329.1 382.6 18.1 -10.5 1.9 33.9 87.4 53.5 105.5
21086 P, 20-C 261.3 2086.3 282.7 296.2 312.2 372.1 25.0 -3.6 9.9 25.9 85.8 59.9 110.8
21087 P, 20-C 214.0 305.6 2941 304.9 318.0 05.7 31.8 -11.7 -0.9 12.2 109.9 7. 141.7
27088 P, 20-C 229.6 251.5 251.1 263.7 269.9 342.9 .9 -0.4 12.2 18.4 9.4 13.0 13.3
21089 P, 20-C 261.6 293.4 285.4 298.2 aa 3N14.7 31.8 -8.0 4.6 23.7 81.3 51.6 1131
21090 P, 20-C 2247 243.2 245.8 242.1 255.1 308.6 18.5 2.6 -0.5 1.9 65.4 53.5 83.9
21091 P, 20-C 252.6 281.0 280.5 215.3 302.8 360.9 3.4 -6.5 -N.7 15.8 73.9 58.1 108.3
271092 P, 20-C 276.0 309.) 302.2 290.6 316.9 391.3 KK | -6.9 -18.5 1.8 82.2 14.4 115.3
21093 P, 20-C . 265.5 291.3 286.9 291.6 N2.3 313.2 1.8 -10.4 -5.7 15.0 15.9 60.9 107.7
21094 P, 20-C 251.7 281.2 289.4 299.6 2.2 3n2.0 29.5 8.2 18.4 a0 90.8 59.8 ¥20.3
210%5 P, 20-C 216.7 305.1 291.7 300.1 336.2 410.4 28.4 -71.4 -5.0 Na 105.3 4.2 133.7
210%6 P, 20-C 210.6 301.2 . 298.7 278.9 278.3 358.6 30.6 -2.5 -22.3 -22.9 57.4 80.3 88.0
21097 P, 20-C 290.8 3N9.7 320.5 N 335.8 398.17 28.9 0.8 -5.0 16.1 79.0 62.9 107.9
21098 P, 20-C 213.0 299.8 292.0 293.6 313.4 an.s 26.8 ~1.8 -6.2 13.6 n.a 58.1 98.%
21099 P, 20-C 259.1 290.0 210 287.4 302.7 366.1 30.9 -16.9 -2.6 12.1 76.1 63.4 101.0
2N00 P, 20-C 202.8 320.2 310.5 295.4 ° 269.8 254.1 1.4 -9.7 -24.8 -50.4 -66.1 -15.7 -28.7
2101 P, 20-C 276.5 294.0 293.3 260.3 305.1 3571.0 1.5 -0.7 -13.7 11 63.0 51.9 80.5
21102 P, 20-C 260.4 280.0 2081.7 209.9 308.9 369.0 19.6 1.7 9.9 28.9 89.0 60.1 108.6
2N03 P, 20-C 216.8 201.6 292.8 276.5 292.0 3r0.1 70.8 5.2 -1, 4.4 82.5 18.1 153.3
2N04 NP, 20-C (212.7) (282.9) (214.9) (251.1) (253.7) (215.4) (10.2) (-8.0) (-31.8) (-29.2) (-1.5) (21.7) (2.7)

N N 23 23 23 23 23 23 23 23 23 23 2 23 23
Mean . 263.25 292.80 208.22 290.09 305.3¢ 367.1) 29.54 -4.585-  -2.70 12.545° .32 61.17 103.865"
S.0. 18.525 18.070 16.876 16.252 22.346 35.036 10.523 6.103 11.235 18.834 34.272 20.386 34.651
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Appendix 2 - Continued
Individual and Mean Materna)l Body Welights and Body Weight Changesa
Rat Teratology Study of T-3351
Group 4 - 10 mg/kg

Body Weight (q) . Body Weight Change (q)
Day of Gestation Days

Maternal -
_Number  Disposition 0 6 8 _2 16 20 0-6  _6-8_  6-12 6-16F 6-20 16-20F  _ 0-20F
21105 P, 20-C 219.5  303.4  293.2  286.8 281.4  364.7 23.9 -10.2  -16.6  -22.0 61.3 83.3 85.2
21106 P, 20-C 214.9  310.7  302.2 307.5 322.1 318.4 35.8 -8.5 3.2 12.0 61.7 §5.7  103.5
21107 P, 20-C 239 255.2  255.3 228.0 212.17  271.1 16.1 0.1 -21.2 -42.5 16.5 59.0 32.6
21108 P, 20-C 285.4 5.6 312.0 299.7 291.1 371.2 30.2 -3.6  -15.9  -23.9 61.6 85.5 91.8
2109 P, 20-C 213.2 3018 2817 250.3  230.3  209.3 2.6  -14.) 51,6 -11.5 -92.5  -21.0  -63.9
210 P, 20-C 254.7 2931 219.3  213.3  261.4  325.9 38.4 -13.8  -19.8  -31.7 32.8 64.5 n.2
2nn P, 20-C 269.9  300.4 301.1 305.9 309.8  386.7 30.5 0.7 5.5 9.4 86.3 6.9 116.8
2ma2 P, 20-C 251,17 281.3  280.0 214.1 238.2  222.8 29.6 -0.3 -6.6  -43.1 -58.5  -15.4 -28.9
23 P, 20-C 294.6  334.6  318.) 214.5 254.1  235.3 40.0  -16.5  -60.) -80.5  -99.3  -18.8  -59.3
214 P, 20-C 261.0 318.2  313.0 282.1 254.4  240.5 31.2 -5.2  -36.) -63.8  -17.7  -13.9  -46.5
215 P, 20-C 242.9 2143 2100 263.1  265.6  35).6 3.4 -3 -n.2 -8.7 1.3 86.0  108.7
216 P, 20-C 241.8  215.6  218.7 214.1 2103  340.0 33.8 3.1 -0.9 -5.3 64.4 69.7 98.2
2nn P, 20-C 303.0 339.4 339.1 289.8 271.4 247.2 36.4° -0.3  -49.6  -68.0  -92.2 -24.2  -55.8
2me NP, 20-C (212.6) (213.3) (215.3) (256.5) (224.9) (206.6) (0.7) (2.0)  (-16.8) (-48.4) (-66.7) (-18.3) (-66.0) .
219 P, 20-C 255.6  286.4  279.3  244.3  221.8  180.7 30.8 -1.1 -42.1 -64.6  -105.7  -41.1 -14.9
2120 P, 17-D 295.4  326.3  329.7 292.4 211.0 - 30.9 3.4 -33.9  -55.3 - - - ol
2na) P, 20-C 264.4  281.4  269.3  268.4 265.2  349.6 1.0 -2 -13.0  -16.2 68.2 84.4 85.2
2n22 P, 20-C 253.4  215.6 217.17  210.4 265.5 331.3 22.2 20 -5.2  -10.1 55.1 65.8 1.9 :
2n23 P, 20-C 310.8  332.5 338.2 319.2 335.4 414.9 2.1 5.1 -13.3 2.9 82.4 9.5  104.1 ‘
2n24 P, 20-C 264.3  283.2 292.5 218.9  296.7  366.8 18.9 9.3 4.3 13.5 83.6 80.1 102.5
2nas P, 20-C 251.8  2717.0 215.9 248.9 223.2 211.4 25.2 -1 -28.1 -53.8  -65.6  -11.8  -40.4
21126 P, 20-C. 2.2 290.5 286.2 210.0 243.9  232.2 19.3 4.3  -20.5 -46.6  -58.3  -11.7  -39.0
ma P, 17-0 259.9 2934 280.2 214.5 245.9 - 33.5 -13.2  -18.9  -41.§ - - -
2n28 wp, 20-C (263.6) (286.2) (283.9) (270.1) (225.1) (189.7) (22.6)  (-2.3) (-16.)) (-61.1) (-96.5) (-35.4) (-73.9)
21129 NP, 20-C. (297.0) (299.5) (293.5) (259.4) (234.6) (256.8) (2.5)  (-6.0) (-40.1) (-60.9) (-42.7) (22.2) (-40.2)
N 22 22 22 22 22 20 22 22 22 22 20 20 20 g
Mean 269.30 297.72 293.63 276.25 265.12 301.91 28.43  -4.055 -21.48  -32.605"  5.40  36.63  33.45%" o
s.0. 20.329 22.698 22.916 21.762 32.153 73.253 6.951. TS 17.769  29.333  15.133  48.285  13.412 b

§h ?Q
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Appendix 3

Individual and Mean Food Consumptiond
Rat Teratology Study of T-3351
Group 1 - 0 mg/kg

Food Consumption (q)

27030
27031
27032
27033
27034
27035
27036
27037
27038
27039
27040
27047
27042
27043
27044
27045
27046
27047
27048
27049
27050
27051
27052
27053
27054

N
Mean
S.D.

0-6 1-8 9-12  _13-16
140.9 42.8 92.5 87.1
130.0 33.1 73.2 71.3
140.6 45.5 86.1 82.2
123.7 32.0 75.8 80.6

80.6 18.6 48.8 51.9
166.0 44.7 69.8 44.8
139.2 36.2 80.9 86.8

(113.8)  (30.1) (52.2) (55.2)
134.9 33.4 5.9 | 7171.9
145.4 43.3 76.8 91.6
122.3 31.8 69.7 n.a
129.9 37.2 72.2 73.0
136.1 42.9 79.5 80.1
142.4 44.6 89.5 81.5
141.2 34.2 60.6 78.7
146.9 39.1 79.1 69.4
115.9 37.6 75.8 78.1
123.4 29.17 41.8 82.6
144.5 42.4 91.7 93.5
149.3 51.3 90.8 97.7
119.5 36.5 17.6 72.1
132.7 36.6 74.9 74.4
1271 39.8 81.3 85.5
125.0 36.2 47.1 97.3
126.5 301 18.4 75.2

24 24 24 24
132.67 37.48 74.58 18.82

15.924 6.812 13.416 12.317

: B = 8 e
TN et ey ROMT e

Interval (Days of Gestation)

154-160
17-20F 7168 g-208
101.7  222.4  465.0
91.1  177.6  398.7
106.4  213.8  460.8
96.6  188.4  408.7
67.8  119.3  267.7
109.17  159.3 434.4
106.4  203.9  449.5
(69.7) (137.5) (321.0)
107.0°  187.2 4291
107.8  211.7  464.9
84.5 172.6 ° 379.4
86.5 182.4  398.8
95.8  202.5  434.4
93.0  215.6  451.0
99.0 173.5  413.7
78.4  187.6  412.9
95.4  191.5  402.8
7.8 154.1  349.3
113.4  227.6  485.5
116.4  239.8  505.5
92.5 186.2  398.2
112.2  185.9  430.8
106.4  206.6  440.1
96.7  180.6  402.3
98.1  183.7  408.3
24 24 24
97.25 190.58  420.49
12.693  25.916  47.701



Maternal

Number

27055
27056
27057
27058
27059

27060
270861
27062
27063
27064
27065
27066
27067
27068
27069
27070
270N
27072
27073
27074
27075
27076
27077
27078
27079
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Appendix 3 - Continued
Individual and Mean Food Consumption?
Rat Teratology Study of T-3351

Group 2 - 1 mg/kg
Food Consumption (q)

Interval (Days of Gestation)

0-6 1-8 9-12 13-16
122.0 35.2 63.7 7.0
136.0 42.1 741 69.7
130.8 35.2 68.0 49.6
136.5 29.1 70.2 69.0
141.7 38.2 64.5 n.z

(108.2)  (30.2) (67.9) (39.8)
131.5 31.6 62.8 66.0
55.7 38.6 81.8 68.6
135.6 34.2 61.4 70.9
143.0 39.7 13.5. 55.3
145.9 34.7 63.1 81.3
99.3 33.6 60.3 63.0
144.9 35.2 63.6 72.8
111.5 22.7 64.2 . 59.2
145.8 40.4 72.6 77.0
133.0 42.8 61.4 67.6
119.6 34.9 60.6 41.5
145.4 41.9 62.1 68.2
105.6 24.4 62.8 100.6
147.3 41.9 93.2 88.8
127.0 40.7 72.7 68.2
131.2 27.8 87.8 59.0
126.4 28.1 63.2 70.0
128.5 33.2 65.1 65.8
(156.8) (23.8) (53.4) (56.3)

23 23 23 23
128.01 35.03 68.38 68.45
20.444 5.735 8.

893 12.065

154-160
17-20F 7168 g-20B
92.5  169.9  384.4

108.9  185.9  430.8
88.6  152.8  372.2
98.0 168.3  402.8

112.1 173.9  427.7

(77.9)P (137.9) (324.0)b
91.3  160.4  383.2
70.3  189.0  315.0
98.7  166.5  400.8
93.4  167.9  410.3

116.9  179.1 441.9
92.1 156.9  348.3
88.5 171.6  405.0
97.7  146.1 355.3
94.0  190.0  429.8
98.5 171.8  403.3

1001.4 137.0  358.0

109.2  172.2  426.8

107.1 187.8  400.5

113.6  223.9  484.8
84.3 181.6  392.9
79.5 174.6  385.3
95.9  161.3  383.6
96.4  164.1 389.0

(64.9) (133.5) (355.2)
23 23 23
97.17 171.85 397.03
11.147 17.544 35.568

d



Maternal
Number

- 45 -

-1 A).ﬁ’v

27080
27081
27082
27083
27084
27085
27086

27087

27088
27089
27090
27091
27092
27093
27094
27095
27096
27097

27098

27099
271100
27110
27102
27103
27104

Mean
S.D.

154-160
Appendix 3 - Continued
Individual and Mean Food Consumption@
Rat Teratology Study of T-3351
Group 3 - 5 mg/kg
Food Consumption (9)
Interval (Days of eestation)

0-6 7-8  _9-12  _13-16_ _17-20"0 _ 7-168  p-208
139.2 36.9 60.3 70.0  104.7 167.2  411.1
139.9 34.5 48.3 60.9 82.8  143.7 366.4
138.5 26.3 46.7 38.5 83.1 111.5  333.1
136.1 42.7 64.6 39.5 73.4  146.8  356.3

(141.5)  (21.4) (53.2) (11.2) (74.2) (85.8) (301.5)
127.7 23.3 55.7 66.7 80.5  145.7 353.9
113.8 28.3 53.5 59.6 88.0  141.4  343.2
146.0 32.2  (16.4)d 72,5  123.9  (221.1)b (4a91.0)b
118.1  (156.2)b (86.5)0 (88.1)b (109.3)b (330 s)b (558.2)b
134.4 35.0 61.0 61.3 87.8 379.5

97.9 28.3 46.9 52.3 74.7 127 s 300.1
132.3 26.8 44.6 60.5 85.4  131.9 349.6
147.3 36.2 153.0 67.1 95.0  256.3  498.6
130.5 24.4 51.1 79.8  100.9 155.3  386.7
168.5 40.4 72.5 69.0 96.1 181.9  446.5
120.0 24.9 56.5 55.2 114.% 136.6  371.2
136.2 34.6  (119.9)P (160.8)P (100.6)P (315.3)b (552.1)b
145.1 40.9 57.8 53.6  100.9 152.3  398.3
147.3 32.9 75.0 89.4 (135.8)P 197.3 (480.4)b
177.4 26.6 67.0  (110.3)P (108.9)P (203.9)P (490.2)b
141.8 28.9 - 34.2 1.5 0.0 64.6  206.4
118.9 30.1 44.0 65.1 91.9 139.2  350.0
115.4 28.4 56.5 51.9 90.5 136.8  342.7
130.8 31.1 42.4 43.4 95.3 116.9 343.0
(138.8) (24.5) (27.8) (36.9) (64.3) (89.2) (292.3)

23 22 20 20 19 19 18 :
134.92 31.53 59.58 57.89 87.87 147.915- 363.145~

17.356 5 24.302 18.350 24.7717  38.131 59.846

.567

85-

.-.a",- A
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Appendix 3 - Continued
Individual and Mean Food Consumptiond
Rat Teratology Study of T-335]
Group 4 - 10 mg/kg

Maternal Food Consumption (g)
Number Interval (Days of Gestation) .

0-6 7-8 9-12 _13-16 _17-200 72168 g-208
27105 126.5 30.6 41.5 17.9 80.0 90.0  296.5
27106 148.7 40.0 58.6 67.4 99.5  166.0  414.2
27107 110.0 144.4 23.6 54.2 (200.2)b 222.2 (532.4)b
27108 138.3 37.3 40.2 23.0 91.3  100.5  330.1
27109 140.5 31.7  (145.5)b 0.0 2.3 (171.2)b (320.0)}
27110 143.2 31.3 55.7 35.6 85.0 122.6  350.8
27111 136.7 36.7 48.3 75.1 100.9  160.1 397.7
27112 128.9 33.8 40.1 1.6 0.0 75.5  204.4
27113 . 150.0 21.2 1.4 0.0 0.0 22.6  172.6
27114 142.9 30.8 21.3 0.0 1.1 52.3  196.1
27115 123.7 29.7 39.2 26.3 90.5 95.2  309.4
27116 117.4 29.0 86.5 5§7.1  (110.0)b 172.6  (400.0)b
27117 164.1 44.5 10.6 0.0 0.0 55.1 219.2
27118 (115.8)  (32.5) (57.2) (41. 1D (24.9) (130.8)d (271.5)b
27119 124.6 28.9 15.2 - 0.2 0.0 44.3  168.9 .
27120 150.7 42.3 31.5 0.0 - 73.8 -
2121 98.5  24.3  (48.0)P (126.3)0 (96.8)0 (198.6)b (393.9)b
27122 120.6 33.5 44.3  (164.9)b (152.0)P (242.7)b (515.3)b
27123 158.2 41.4  (66.2)> s54.5 (119.8)b (162.1)b (440.1)b
27124 137.6 34.5 (129.3)P (19s. 3)b (117. e)b (360.1)P (615.5)b
27125 115.0 28.1 17.1 0.0 0.0 45.2  160.2
27126 123.5 26.6 39, 9 - 7.5 0.0 74.0  197.5
27127 133.7 21.5 48.4 11.8 - 87.7 -
27128 (122.7)  (31.5) (41.1) (20.4)P (0.4) (93.0)P (216.1)D
27129 (113.0)  (27.9) (15.7) (0.0). (72.2) (43.6) (228.8)
N 22 22 18 19 14 17 13
Mean 133.33 37.64  36.86  22.75 39.335~ 97,635~ 262.895-

S.D. 16.209 24.571 20.179 26.380 46.891 54.321 90.464
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. : Appendix 4 :
Individual and Mean Terminal Body Weights, Gravid Uterine
Weights, and Terminal Body Weights Minus Gravid Uterine Weights (g)2
Rat Teratology Study of T-3351.
Group 1 - 0 mg/kg

Términal Body
Maternal Terminal Gravid B Weight Minus

Number Body Weight Uterine Weight gravid Uterine Weightf
27030 422.5 90.4 332.1
27031 388.2 90.9 297.3
27032 404.3 88.2 316.1
27033 367.8 67.8 300.0
27034 341.4 66.6 274.8
27035 446.6 97.3 349.3
27036 409.0 86.9 322.1
27037 Not Pregnant
27038 373.1 69.2 303.9
27039 4211 76.2 350.9
27040 , 348.8 54.7 294.1
27041 374.1 82.4 291.7
27042 381.9 80.1 301.8
27043 368.2 30.8 337.4
27044 390.8 80.6 310.2
27045 381.8 52.4 329.4 .
27046 384.5 72.3 312.2
27047 371.1 64.5 306.6
27048 438.8 74.0 364.8
27049 447.0 84.1 362.9
27050 - 392.5 74.8 317.7
27051 399.4 60.3 339.1
27052 422.2 83.1 339.1
27053 396.2 74.6 321.6
27054 412.6 82.1 330.5

N 24 24 24
Mean 395.41 74.35 321.07

S.0. 28.666 - 14,704 23.215
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Appendix 4 - Continued
Individual and Mean Terminal Body Weights, Gravid Uterine
Weights, and Terminal Body Weights Minus Gravid Uterine Weights (gq)a
Rat Teratology Study of T-3351
Group 2 - 1 mg/kg

Terminal Body

Maternal Terminal Gravid B Weight Minus F

Number Body Weight Uterine Weight Gravid Uterine Weight
27055 381.3 72.5 308.8
27056 429.0 88.5 340.5
27057 372.2 73.3 298.9
27058 401 .1 86.5 314.6
27059 388.4 69.1 319.3
27060 Not Pregnant
27061 379.4 69.2 310.2
27062 - 356.8 64.0 292.8
27063 378.7 67.4 311.3
27064 388.7 714.6 3141
27065 397.8 80.0 317.8
27066 362.4 37.9 324.5
27067 385.5 76.1 309.4
27068 386.8 80.4 306.4
27069 413.7 83.7 330.0
27070 397.6 90.0 307.6
2707 377.8 717.8 300.0
27072 413.3 85.3 328.0 .
27073 407.8 84.7 323.1
27074 436.3 84.8 351.5
27075 372.3 77.3 295.0
270786 370.8 60.7 310.1
27077 388.4 83.2 305.2
27078 376.8 71.6 305.2
27079 Not Pregnant

N 23 23 23
Mean 389.69 75.59 314.70

S.0. 20.073 11.458 14.093
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Appendix 4 - Continued
Individual and Mean Terminal Body Weights, Gravid Uterine
Weights, and Terminal Body Weights Minus Gravid Uterine Weights (g)d
Rat Teratology Study of T-3351
Group 3 - 5 mg/kg

Terminal Body

Maternal Terminal Gravid Weight Minus

Number Body Weight Uterine weightB Gravid Uterine NeightF
27080 425.3 103.9 321.4
27081 355.0 72.2 282.8
27082 - 352.17 72.4 280.3
27083 361.1 68.5 292.6
27084 Not Pregnant
27085 382.6 89.8 292.8
27086 372.1 79.4 292.7
27087 415.7 76.6 339.1
27088 342.9 73.5 269.4
27089 374.7 71.2 303.5
27090 308.6 61.6 247.0
27091 .~ 360.9 75.3 285.6
27092 391.3 88.0 303.3
27093¢ 373.2 - - .
27094 372.0 11.2 300.8
27095 410.4 87.1 323.3
27096 358.6 65.4 293.2
27097 398.7 65.2 N 333.5
270498 371.5 68.0 303.5
27099 366.1 61.6 304.5 .
27100 254.1 48.2 205.9
271100 357.0 73.9 283.1
27102 369.0 72.9 296.1
27103 3701 70.2 299.9
27104 Not Pregnant

N 23 22 22
Mean 367.11 73.46 293.385-

S.0. 35.036 11.486 ' 28.235
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Appendix 4 - Continued
Individual and Mean Terminal Body Weights, Gravid Uterine
Weights, and Terminal Body Weights Minus Gravid Uterine Weights (g)2
Rat Teratology Study of T-3351
Group 4 ~ 10 mg/kg

. Terminal Body
Maternal Terminal Gravid

8 Weight Minus F

Number Body Weight Uterine Weight Gravid Uterine Weight
27105 - 364.7 82.3 282.4
27106 378.4 58.9 319.5
27107 2N.1 54.6 2171
27108 377.2 7%.8 297.4
27109 209.3 72.2 137.1
27110 325.9 64.4 261.5
211N 386.7 86.5 300.2
27112 222.8 40.8 182.0
27113 235.3 43.3 192.0
271114 240.5 42.3 198.2
27115 - 351.86 82.4 269.2
27116 ' 340.0 55.4 284.6
21117 247.2 38.5 : 208.7
27118 Not Pregnant

27119 180.7 32.4 ~148.3
27120 Found Dead

212 349.6 n.g 277.9
27122 331.3 £6.0 265.3
27123 414.9 ' 719.4 335.5
27124 366.8 76.0 290.8
27125 211.4 -39.7 1.7
27126 232.2 43.6 ’ 188.6
27127 Found Dead :

27128 Not Pregnant

27129 Not Pregnant

N 20 20 20
Mean 301.9 60.515~ 241.405-

S.D. 73.253 17.739 59.517
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Appendix §
Individual and Mean Ovarian and Uterine Data
Rat Teratology Study of T-3351
Group 1 - 0 mg/kg

Maternal Ovarian Uterine Implantation Early . Early ’ Late Late Total Total

Mumber  Corpors Lutes lmplantations Efficlency (X) Resorptions Resorptions (%) Resorptions Resorptions (X) Resorptions  Resorptions (X)

27030 15 15 100.0 0 0.0 0 0.0 0 0.0

21031 7 1)) 100.0 1 5.9 0 0.0 1 5.9

21032 19 15 78.9 1 6.7 0 0.0 1 6.7

21033 19 15 70.9 3 20.0 0 0.0 3 20.0

27034 16 15 93.8 1 6.7 0 0.0 - 1 6.7

21035 20 18 90.0 1 5.6 0 0.0 1 5.6

21036 14 14 100.0 0 0.0 0 0.0 0 0.0

21037 Not Pregnant

21038 16 14 01.5 2 14.3 0 0.0 2 14.3

27039 19 n - 89.5 4 3.5 0 0.0 4 23.5

21040 16 13 8.3 ] 1. 0 .0.0 1 1.1

2104} 15 15 100.0 0 0.0 0 0.0 0 0.0

21042 1} 15 88.2 1 6.7 0 0.0 1 6.7

21043 4 1 50.0 2 28.6 0 0.0 2 28.6

21044 18 16 88.9 1 6.3 0 0.0 1 6.3

21045 19 10 52.6 0 0.0 0 0.0 0 0.0

21046 13 13 100.0 0 0.0 0 0.0 0 0.0 !
21047 12 12 100.0 ] 8.3 0 0.0 | 8.3 wn
21048 15 15 100.0 1 6.7 0 0.0 1 6.7 -
27049 19 18 94.7 1 5.6 0 0.0 1 5.6 '
21050 Rl 14 82.4 0 0.0 0 0.0 (] 0.0

21051 16 13 81.3 2 15.4 0- 0.0 2 15.4

27052 16 15 93.8 0 0.0 . 0 0.0 0 0.0

21053 18 15 . 83.3 0 0.0 0 0.0 0 0.0

27054 18 7 94.4 0 0.0 0 0.0 0 0.0

Total 398 348 23 0 23

N 24 24 24 24 24 24 24 24 24

Nean 16.6 14.5 87.90 1.0 7.00 0.0 0.00 1.0 1.00

s.D. 2.12 2.45 13.472 1.04 8.024 - - 1.04 8.024

Ry



Maternal
Number

27055
21056
21057
21058
21059
27060
27061
21062
21063
27064
21065
27066
21067
21068
21069
21070
210N
27072
21013
21074
21015
21076
2101
21078
21019

Total
N

" Mean
$.0.

Ovarian Uterine
Corporg Lutea Implantations
15 13
17 16
13 13
1% 1%
4 14
Not Pregnant
12 n
15 13
14 13
15 15
1} 16
n 7
16 16
19 16
25 17 -
1 16
15 14
18 18
17 16
18 16
18 15
15 L k]
13 13
16 15
Not Pregnant
365 n
23 23
15.9 - 14.4
2.85 2.9

Appendix 5 - Continued
Individual and Mean Ovartan and Uterine Data
Rat Teratology Study of T-3351
Group 2 - 1 mg/kg

Implantation Early Earl Late Late Total Tota)
Efficiency (X) Resorptions Reso on Resorptions Resorptions (X) Resorptions
86.7 1 1.7 0 0.0 1 1.1
9. ] 6.3 0 0.0 1 6.3
100.0 0 0.0 0 0.0 0 0.0
100.0 1 6.7 0 0.0 1 6.7
100.0 2 4.3 0 0.0 2 14.3
2.7 0 0.0 0 0.0 0 0.0
86.7 0 0.0 0 0.0 0 0.0
92.9 1 1.1 0 0.0 } 1.1
100.0 ] 6.7 0 0.0 1 6.7
9.1 0 0.0 0 0.0 0 0.0
63.6 1 14.3 0 0.0 1 14.3
100.0 2 12.5 0 0.0 2 12.5
84.2 1 6.3 0 0.0 )] 6.3
68.0 2 11.8 0 0.0 2 11.8
94.1 0 0.0 0 0.0 0 0.0
93.3 0 0.0 0 0.0 0 0.0
100.0 1 5.6 0 0.0 1 5.6
9.1 0 0.0 0 0.0 0 0.0
88.9 ] 6.3 0 0.0 1 6.3
83.3 ) 6.7 0 0.0 1 6.7
86.7 1 1.1 0 0.0 1 1.7
100.0 0 0.0 0 0.0 0 0.0
93.8 } 6.7 0 0.0 1 6.7
18 0 18
23 23 23 23 23 23 23
9.4 0.8 5.53 0.0 0.00 0.8 5.53
9.694 0.67 4.004 - - 0.67 4.804

Resorptions (X)

-zs-
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Appendix § - Continued
Individua) and Mean Ovarian and Uterine Data
Rat Teratology Study of T-3351
Group 3 - 5 mg/kg

Materna) Ovarian Uterine Implantation Earl Earl Total Total

Late Late
Number Corpora Lytea Implantations Efficiency (X) esorption Resorptions (X) Resorptions Resorptions {X) Resorptions Resorptions (%)
21080 16 16 100.0 0 0.0 0 0.0 0 0.0
21081 4 LX) 92.9 0 0.0 0 0.0 0 0.0
27082 15 14 93.3 1 7.0 0 0.0 1 1.3
27083 4 14 100.0 2 14.3 0 0.0 2 14.3
21004 Not Pregnant
21085 20 17 85.0 ] 0.0 0 0.0 0 0.0
21086 15 . 100.0 0 0.0 ] 6.7 1 6.7
21087 15 15 100.0 -0 0.0 0 0.0 0 0.0
21088 15 14 93.3 ] 7. 0 0.0 1 1.
21089 13 13 100.0 1 1.7 0 0.0 1 1.2
21090 13 12 92.3 0 0.0 0 0.0 0 0.0
2100 15 15 100.0 0 0.0 0 0.0 0 0.0
21092 19 ¢ . 17 89.5 1 5.9 0 0.0 1 5.9
21093 15 W 14 93.3 ) 1.1 0 0.0 ) 1.
21094 14 . 13 92.9 0 0.0 0 0.0 0 0.0
21095 1" n 100.0 1 5.9 0 0.0 1 5.9
27096 1 16 9.1 3 18.8 0 0.0 3 18.8 .
21091 16 15 93.8 2 13.3 0 0.0 2 13.3
21098 18 ' 14 11.8 2 14.3 - 0 . 0.0 2 14.3
27099 16 12 75.0 0 0.0 0 0.0 0 0.0
2100 19 16 . 84.2 0 0.0 0 0.0 0 0.0
2n01 16 . 15 93.8 1 6.7 0 0.0 1 6.7
2102 16 4 : 8.5 0 0.0 0 0.0 ] 0.0
21103 15 14 93.3 0 0.0 0 0.0 0 0.0
2N04 Not Pregnant
Total ' 363 335 16 , 1 11
N 23 23 23 23 23 23 23 23 23
Mean 5.8 14.6 92.70 0.7 4.70 0.0 0.29 0.7 5.00
S.0. ™ 1.86 1.47 1.017 0.88 5.859 0.21 1.397 0.86 5.181

-Es-
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Appendix 5 - Continued
Individual and Mean Ovarian and Uterine Data
Rat Teratology Study of Y-335)
Group-4 - 10 mg/kg

Maternal Ovarian Uterine Implantation tarly Early Late Late Total Total
_Number _ Corpora Lytea ]mplantatfons Effictency (X) Resorptions Resorptions (%) Resorptions Resorptions (X) Resorptions Resorptions (%)
2N05 1 15 86.2 0 0.0 0 0.0 0 0.0
208 1} 1 64.7 1 9.1 0 0.0 3 9.}
2N0 14 13 92.9 3 23.1 0 0.0 3 23.1
2nos 1 16 9.1 ) 6.3 0 0.0 1 6.3
2N09 18 1 94.4 1 5.9 15 88.2 16 %.1
210 21 4 66.7 0 0.0 0 0.0 0 0.0
2nmn 1 16 9.1 1 6.3 0 0.0 1 6.3
212 14 13 92.9 1 1.1 0 0.0 1 1.7
273 15 15 100.0 2 13.3 1 6.7 3 20.0
21N 18 15 83.3 2 13.3 0 0.0 2 13.3
215 16 15 93.8 0 0.0 0 0.0 0 0.0
2nie 14 12 85.7 3 8.3 0 0.0 1 8.3
a2 22 14 63.6 .0 0.0 ] 7.1 1 1.1
2Ne Not Pregnant

2119 15 13 66.7 13 100.0 0 0.0 13 100.0
2nz2 . 17 16 94.) :

2n2a1 15 15 100.0 0 0.0 0 0.0 0 0.0
2na2 15 15 100.0 3 20.0 0 0.0 3 20.0
2N 18 15 83.3 0 0.0 0 0.0 0 0.0
2124 16 16 100.0 1 6.3 0 0.0 1 6.3
2N2s 16 13 81.3 0 0.0 0 0.0 0 0.0
2N26 B | 15 83.3 1 6.7 0 0.0 1 6.7
21278 15 13 86.7

2Nnas Not Pregnant

2N29 Not Pregnant

Total 365 m K)) 1 48 )

N 22 22 22 20 20 20 20 20 20
Mean 16.6 14.4 871.712 1.6 .32 0.9 . 5.10 2.4 16.42

s.0. 2.09 1.50 10.955 2.86 21.929 3.34 19.674 4.28 20.47

SFound dead on Day 17, therefore, fetal data not availadble.

= ¥S
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Appendix 6
Individual and Mean Litter Datad
Rat Teratology Study of T-335)
Group 1 - 0 mg/kg

Number of Fetuses ¢
Haternal Total Fetal _Sex Percent Mean Weight (q)
Number Resorptions _Dead Loss (X)b Live Live (%) Males - Females _Males Males Females
21030 0 0 0.0 15 100.0 7 8 46.7 3.7 3.6
21031 1 0 5.9 16 9.1 ] 8 50.0 3.5 3.2
21032 1 0 6.7 14 93.3 7 7 50.0 3.9 3.4
27033 3 0 20.0 12 80.0 1 5 56.3 33 3.2
27034 1 0 6.7 14 93.3 5 9 35.17 2.5 2.8
21035 ] 0 5.6 L 94.4 12 5 70.6 3.3 3.2
21036 o 0 0.0 14 100.0 7 1 50.0 4.1 3.9
21031 Not Pregnant
21038 2 0 14.3 12 85.7 5 7 Nn.a 3.5 3.3
21039 4 0 23.5 13 76.5 6 17 46.2 3.6 3.4
27040 1 0 1.1 12 92.3 7 5 58.3 2.7 2.4
21041 .0 0 0.0 15 100.0 4 n 26.1 3.4 3.3
21042 1 0 6.7 14 93.3 4 10 28.6 3.5 3.4
21043 2 0 28.6 5 N.4 1 4 20.0 2.2 3.2
27044 1 0 6.3 15 93.8 12 3 80.0 3.2 2.9
27045 0 0 0.0 10 100.0 3 7 30.0 3.2 3.2
27046 0 0 0.0 13 100.0 ] 8 38.5 3.3 3.2
21007 1 0 8.3 n Nn.7 5 6 45.5 3.0 2.9
21048 1 0 6.7 14 93.3 6 8 42.9 33 3.2
21049 3 0 5.6 n 94.4 9 8 52.9 3.2 2.9
21050 0 0 0.0 14 100.0 6 8 2.9 3.1 aa
21051 2 0 15.4 n 84.6 5 6 45.5 3,2 3.2
21052 0 0 0.0 15 100.0 7 8 46.7 3.5 3.4
27053 0 0 0.0 15 100.0 2 L k] 13.3 3.3 3.0
27054 ] 0 0.0 17 100.0 6 n 35.3 3.1 2.8
Total 23 0 325 146 179
N 4 24 24 24 24 24 24 24 24 24
* Unadjusted Mean 1.0 0.0 71.00 13.5 93.00 6.1 1.5 4.00 3.28 n
Unadjusted S.D. 1.04 - 8.024 2.64 8.024 2.59 2.30 - 14.828 0.408 0.300
Covariance .
Adjusted Mean . 3.28 3.16
Covarfance .
Adjusted S.D. : 0.092 - 0.08¢

8 Sex, percent males, and mean weight data include values for 1ive fetuses only.
Percent fetal loss ‘ncludes resorptions as well as dead fetuses.
€ Statistical analysis performed on covarfance adjusted means.
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Appendix & - Continued

Individual and Mean Litter Data?
Rat Teratology Study of T7-335}
Group 2 - 1 mg/kg

Number of Fetuses

Maternal Total

. Number . Resorptions

21055
27056
21057
27058
.27059 .
21060 Not Pregnant
2106}
27062
21063
27064
27065
27066
27067
27068
27069
271010
210N
21012
210713
21014
21015
21076
210mn
21078
21079 Not Pregnant

e

N
1
=3

N oot D oat e

O e QT O ON TNt OO
ceoceeeaooo‘oeeeeoo X2 -X_¥_]

Total 18 0
N 23 23
Unadjusted Mean 0.8 0.0
Unadjusted S.D. 0.67 -
Covariance

Adjusted Mean
Covariance
Adjusted S.0.

3 Sex, percent males, and mean welght data include values for 1ive fetuses only.

Fetal Sex Percent &ian Weig
Loss (X)P  Live Live (%) Hales Females _Males Hales géﬁéiéi
1.7 | 92.3 8 4 66.7 3.4 3.4
6.3 15 93.8 ] 1 $3.3 3.3 3.3
0.0 13 100.0 9 4 69.2 3.4 3.4
6.1 14 93.3 8 6 57.1 3.4 3.2
14.3 12 85.1 5 1 an.1 3.3 3.0
0.0 nn 100.0 7 4 63.6 3.8 3.6
0.0 13 100.0 8 5 61.5 2.1 2.8
1.7 12 92.3 3 9 25.0 3.5 3.2
6.1 14 93.3 6 8 42.9 3.3 3.0
0.0 16 100.0 8 a 50.0 2.8 2.8
14.3 6 85.7 2 4 33.3 3.2 3.4
12.% 14 81.5 5 9 35.7 2.9 2.8
6.3 15 83.8 7 8 46.7 3.0 3.2
11.8 15 88.2 10 5 66.7 3.3 3.3
0.0 16 100.0 15 1 93.8 3.4 3.0
0.0 14 100.0 1 ? 50.0 3.1 2.9
5.6 17 94.4 9 8 52.9 2.8 2.1
0.0 16 100.0 6 10 371.5 2.9 2.9
6.3 15 93.8 13 10 33.3 3.6 3.3
6.7 4 93.3 8 6 5711 3.2 3.
1.1 12 ‘92.3 10 2 83.3 3.1 3.0
0.0 13 100.0 5 8 38.5 3.5 3.2
6.7 14 93.3 6 [} 42.9 3.3 2.9
K} k] 165 148
23 23 23 : 23 Fx] 23 3 23
5.53 13.6 94.48 1.2 6.4 52.29 3.23 R 1]
4.804 2.2 4.802 2.66 2.45 16.688 0.278 0.240
3.23 3.0
0.092 0.083

Percent fetal loss includes resorptions as well as dead fetuses.
€ Statistical analysis performed on covariance adjusted means.
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Appendix 6 - Continued
Individual and Mean Litter Datad
Rat Teratology Study of 7-3351
Group 3 - 5 mg/kg

Number of Fetyses

Maternal Total Fetal Sex Percent Nean Weight (*)c
Number Resorptions Dead Loss (X)b Live Live (%) Males Females Males Hales Females
21080 0 0 0.0 16 100.0 8 [} 50.0 3.7 3.4
2108) 0 0 0.0 13 100.0 8 5 61.5 3.2 2.9
21082 ] 0 7.} 13 92.9 8 H] 61.5 3.2 3a
27083 2 0 14.3 12 85.7 3 9 25.0 30 2.8
27084 Not Pregnant
27085 0 0 0.0 " 100.0 5 12 29.4 3.0 2.9
21086 1 0 6.7 4 93.3 7 1 50.0 3.1 3.0
210817 0 0 0.0 15 100.0 n 4 13.3 2.8 2.8
21088 ] 0 1.1 13 92.9 6 1 46.2 3.4 3.3
21089 1 0 1.1 12 92.3 9 3 15.0 3.4 3.3
21090 0 0 0.0 12 100.0 8 4 66.7 3.0 2.9
2109 0 0 0.0 15 100.0 . 9 (3 60.0 30 2.9
21092 1 0 5.9 16 9.1 12 4 15.0 3.2 3.2
27093 ] 0 1.1 13 92.9 9 4 69.2 3.3 2.9
271094 0 0 0.0 13 100.0 ? 6 §3.8 3.2 3.
21095 1 0 5.9 16 9.1 8 8 50.0 3.2 3.1
27096 3 0 18.8 13 81.3 6 7 46.2 3.2 3
21097 2 0 13.3 13 86.7 7 6 53.8 3.0 3.0
271098 2 0 14.3 12 85.7 6 6 50.0 3.0 3.0
27099 0 0 0.0 12 100.0 6 6 50.0 . 3a
2Nn00 0 0 0.0 16 100.0 10 3 62.5 1.5 1.1
2nn ) ) 13.3 13 86.7 5 8 38.5 3.2 3.0
2N02 0 0 0.0 14 100.0 6 8 4.9 30 2.8
2N03 0 0 0.0 14 100.0 8 6 571 3.3 30
2104 Not Pregnant
Total 17 1 m 172 145
N 3 23 23 23 23 23 23 23 23 23
Unadjusted Mean 0.7 0.0 5.20 13.8 94.72 1.5 6.3 54.24 3.10 2.9
Unadjusted S.0. 0.86 0.21 6.028 1.57 6.018 2.04 2.00 13.293 0.392 0.322
Covariance

Adjusted Mean 3105 2.915-
Covariance

Adjusted S.D. 0.092 0.083

8 sex, perceat males, and mean welight data tnclude values for ive fetuses only.
b percent fetal loss includes resorptions as well as dead fetuses.
€ Statistical analysis performed on covariance adjusted means.
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Maternal

Number

2naes
2106
2Nnol
21108
2109
2mo
21}
2Mm2
LK
2N
2M5
2116
2N
2Mms
219
2Nn20
2n2)
2n22
223
21124
2na2s
21126
2Nn21
228
2N29

Total
N

© Unadjusted Mean
‘Unadjusted S.0.
Covarfance
Adjusted Hean
Covariance
Adjusted S.D.

8 sex, percent males, and mean weight data include values for live fetuses only.

Resorptions

Appendix 6 - Continued
Individual and Mean Litter Datad
Rat Teratology Study of T-3351

Group 4 - 10 mg/kg

Number of Fetuses

Total

-
- SN W L= O W=D

Not Pregnant
n
Found Dead

OO0 O NOOOTOOO—-OOOo

-0 wWwo

Found Dead
Not Pregnant
Not Pregnant

48 9
20 20
2.4 0

1

Fetal
Dead  Loss (X)b Live  Live (%)

0.0 15 100.0
9.1 10 90.9
2.1 10 16.9
6.3 15 93.8
100.0 0 0.0
0.0 14 100.0
6.3 15 93.8
1.1 - 12 92.3
60.0 6 40.0
13.3 13 86.7
0.0 15 100.0
a.3 n 9.7
1.4 n 78.6
100.0 0 0.0
0.0 15 100.0
20.0 12 80.0
0.0 15 100.0
6.3 15 93.8
0.0 13 100.0
6.7 14 93.3
23)
20 20 120

19.43 1.6 80.59
0.1 4.61 30.600

b percent feta) loss *ncludes resorptions as well as dead fetuses.
€ statistical analysis performed on covariance adjusted means.

Sex
Males Female
10 5
6 4
4 6
-9 6
8 6
7 8
10 2
4 2
[ 1
9 6
8 3
8 3
9 6
6 6
10 5
9 6
7 6
9 5
139 92
18 18
1.1 5.1
1.90 1.68

154-160

[
Percent Mean Welght
Males_ ales Females
66.7 3. 3.0
60.0 3.2 3.2
. 40.0 KR 3.0
60.0 3.2 3.2
51.1 2.1 2.5
46.1 3.2 3.2
83.3 1.7 1.2
66.1 1.9 2.0
46.2 1.8 1.7
60.0 3.3 3.0
12.1 2.8 2.6
12.1 1.6 1.5
60.0 3.) 3.0
50.0 3.2 3.4
66.1 3.2 3.0
60.0 2.8 2.9
53.8 1.8 1.7
64.3 1.8 1.7
18 18 8
60.38 . 2.64 2.57
10.655 0.656 0.660
2.635- 2.595
0.105 0.097
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Appendix 7
Individual Visceral Findings in Fetuses
Rat Teratology Study of T-335)
Group 1 - 0 mg/kg

2 2 2 2 H 2 2 2 2 2 2 2 2
1 1 7 7 ? 7 1 7 ] 7 7 1 7
0 0 0 0 0 0 0 0 0 0 0 0 0
Maternal 3 3 3 3 3 3 3 3 3 3 4 4 4
Number: 0 ] 2 k] 4 5 [ )] 8 9 0 3 2
Number of fetuses examined 5 [} 5 4 5 [ S NP 4 ) 4 5 5
Number of fetuses within normal limits 5 6 s 3 ] 6 5 4 5 4 5 5
Number of fetuses with one or more visceral varlants 0 0 0 1 0 0 0 0 0 0 0 0
Percent of fetuses with one or more skeletal variants (%) 0.00 0.00 0.00 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Identification letter(s) of fetuses with:
Brain - cerebral hemisphere contained dark area 1
Eye(s) - contained dark material
Liver - dark areas
Kidney(s) - pelvis dilated
Ureter(s) - distended
- undulated
. Number of fetuses with-one or more visceral anomalies 6. 0 0 0 0 0 0 0 0 0 0 0
Percent of fetuses with one or more visceral :
anomalies (X) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Identification letter(s) of fetuses with:.

Skin - edematous
Palate - cleft
Cryptorchism

NP = Not Pregnant..

4
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Number of fetuses examined
Number of fetuses within normal Vimits
Number of fetuses with one or more visceral variants

Percent of fetuses with one or more skeletal variants (%)

tdentification letter(s) of fetuses with:

Brain - cerebral hemisphere contained dark area
Eye(s) - contalned dark material
Liver - dark areas
Kidney(s) - pelvis dilated
Ureter(s) - distended
- undulated

Number of fetuses with one or more visceral anomalies

Percent of fetuses with one or more visceral
snomalies (X)

Identification letter(s) of fetuses with:

Skin - edematous
Palate - cleft
Cryptorchism

Appendix 7 - Continued
Individual Visceral Findings in Fetuses
Rat Teratology Study of T-3351
Group 1 - 0 mg/kg

154-160

2 2 2 2 2 2 2 2 2 2 2 2

7 7 7 7 1 1 7 1 7 7 1 1

0 0 0 0 0 0 0 0 0 0 0 0
Maternal 4 4 4 4 4 4 4 5 5 5 5 5
Number: 3 4 5 [ 1 8 9 0 1 2 3 L3

2 5 4 5 4 5 6 5 4 5 5 6

2 4 3 5 3 5 6 5 4 5 5 6

0 1 1 0 1 0 0 0 0 0 0 0

0.00 20.00 25.00 0.00 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

A J K

0 0 0 0 0
0.00 0.00 0.00 0.00 0.00

0 0 0 0. 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00

-09-
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Appendix 7 ~ Continued
Individual Visceral Findings in Fetuses
Rat Teratology Study of T-335}
6roup 2 - 1 mg/kg

2 2 ? 2 2 2 2 2 2 H 2 2 ]
7 1 7 1 7 7 ? 7 7 ? 1 7 7
0 0 0 0 0 0 0 0 0 0 0 0 0
Maternal 5 5 5 5 5 6 6 6 6 6 6 6 6
Number: 5 6 1 _ .8 _9 _0 _1V _2 _3 _& s [ 7
Number of fetuses examined ‘ 4 5 4 ] 4 NP 4 8 4 5 6 2 ]
Number of fetuses within normal limits 4 5 4 5 4 4 8 3 .5 6 2 5
Number of fetuses with one or more visceral variants 0 0 0 0 0 0 0 1 0 0 0 0
Percent of fetuses with one or more skeletal variants (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 25.00 0.00 0.00 0.00 0.00
Identification letter(s) of fetuses with:
Brain - cerebral hemisphere contained dark area
Eye(s) - contained dark materfal .
Liver - dark areas
Kidney(s) - pelvis dilated
Ureter(s) - distended . A
- undulated '
o
Number of fetuses with one or more visceral anomalies 0 0 0 0 0 0 0 0 0 0 0 0 =
Percent of fetuses with one or more visceral ] [l
anomalies (X) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Identification letter(s) of fetuses with:
Skin - edematous

Palate - cleft
Cryptorchism

NP = Not Pregnant.



Appendix 7 - Continued
Individual Visceral Findings in Fetuses
Rat Teratology Study of T-3351

Group 2 - ) mg/kg

154-160

2 2 2
1 1 17
0 0 0
Maternal 6 . 6 7
Number: 8 9 0
Number of fetuses examined ‘ 5 5 6
Number of fetuses within normal 1imits 5 5 5
Number of fetuses with one or more visceral variants 0 0 1
Percent of fetuses with one or more skeletal variants (%) 0.00 0.00 16.67

Identification letter(s) of fetuses with:

Brain - cerebral hemisphere contained dark area
Eye(s) - contained dark material

Liver - dark areas

Kidney(s) - pelvis dilated .

Ureter(s) - distend A
- undulat
Number of fetuses with one or more visceral anomalies 0 0 0
Percent of fetuses with one or more visceral
anomalies (X) ' 0.00 0.00 0.00

Identification letter(s) of fetuses with:

Skin - edematous
Palate - cleft
Cryptorchism

NP = Not Pregnant.

2 2 2 2 2 2 2 2 2
17 1 1 1 1 1 1 1 17
0 0 0 0 0 0 0 0 0
? 7 7 ? 7 7 ? 7 7
| 2 3 4 ) [ ] 1 8 9
5 6 6 5 5 4 5 5 NP
5 4 6 4 4 3 4 5
0 2 0 3 ) ] 1 0
0.00 33.33 0.00 20.00 20.00 25.00 20.00 0.00

Q A A 6

N A 6

A

0 1 0 0 0 0 0 0
0.00 16.67 0.00 0.00 0.00 0.00 0.00 0.00

N

-Zg-
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Appendix 7 - Continued

‘Individual Visceral Findings in Fetuses

Rat Teratology Study of T-3351
Group 3 - 5 mg/kg

154-160

Maternal
Number:

=t OO © ~3 N
[ © ~ N

Number of fetuses examined

Number of fetuses within normal limits

Number of fetuses with one or more visceral variants
Percent of fetuses with one or more skeletal variants (X)
Identification letter(s) of fetuses with:

o~ o IR O -~ N

[
«w~N

Brain - cerebral he'ni:zhoro contained dark area

Eye(s) - contained dark materfal

Liver - dark areas

Kidney(s) - pelvis dilated 3

Ureter(s) - distended . A
~ undulated

Number of fetuses with one or more visceral anomalies 0
Percent of fetuses with one or more visceral

anomalies (%) 0.00
Identification letter(s) of fetuses with:

Skin - edematous

Palate - cleft
Cryptorchism

NP = Not Pregnant.

NP

(XK N’ ] PO O N
.

- _¥ J Kad OB © ~d N
.

Pouo«
8
~N

O W O ~ N
=t O © ~d N

OO0 WMBON
.
OOV DO ~N
.
Cowvuv DO ~ N
e ) O DO~ N

0 0 0 0 0
0.00 0.00 0.00 0.00 0.00

oo N O O I N

[-X -2 ¥ 1
8
COoOwvw
[—3
[—4
h

0 0 0
0.00 0.00 0.00
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Maternal
Number:

Number of fetuses examined

Number of fetuses within normal limits

Number of fetuses with one or more visceral variants
Percent of fetuses with one or more skeletal variants (X)
Identification letter(s) of fetuses with:

Brain - cerebral hemisphere contatned dark area
Eye(s) - contained dark material
Liver - dark areas
Kidney(s) ~ pelvis dilated
Ureter(s) - distended
- undulated

Number of fetuses with one or more visceral anomalies

Percent of fetuses with one or more visceral
anomalies (X)

Identification letter(s) of fetuses with:

Skin ~ edematous

Palate - cleft
Cryptorchism

NP = Not Pregnant.

154-160

Appendix 7 - Continued .
* Individual Visceral Findings in Fetuses

Rat Teratology Study of T-3351
Group 3 - 5 mg/kg

2 2 3 2 ) 7 2 2 2 7 F] F3
7 1 7 7 7 1 7 7 7 7 7 7
0 0 0 0 0 0 0 1 1 1 1 1
9 9 9 9 9 9 9 0 0 0 0 0
3 4 -5 6 ] 8 9 0 1 2 a 4
5 5 6 5 5 4 4 6 5 5 5 NP
5 5 6 5 5 . 4 4 5 5 4
0 0 0 0 0 0 0 0 0 0 )
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00

H
0 0 0 0 0 0 0 2 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 33.33 0.00 0.00 0.00

AG
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Appendix 7 - Continued
Individua) Visceral Findings in Fetuses
Rat Teratology Study of 7-3351
Group 4 - 10 mg/kg

2 2 2 2 2 2 2 2 2 2 2 2 2
7 7 7 1 1 7 1 1 1 7 1 7 1
1 1 1 1 1 1 1 1 1 1 1 1 1
Maternal 0 0 0 0 "0 ) ) 1 1 1 1 1. 1
Number: 5 6 1 8 9 0 ] 2 3 4 5 6 1
Number of fetuses examined 5 4 4 5 0 s 5 T PLAA
Nuaber of fetuses within normal Vimits 4 4 4 5 5 5 3 0 V] 5 4 0
Number of fetuses with one or more visceral variants 1 0 0 0 0 0 0 (1] 0 0 0 0
Percent of fetuses with one or more skeletal variants (X) 20,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ldentification letter(s) of fetuses with:
Brain -~ cerebral hemisphere contained dark area
kye(s) - contained dark material H
Liver - dark areas
Kidney(s) - pelvis dilated
Ureter(s) - distended .
- undulated ,
Number of fetuses with one or more visceral anomalies 0 0 0 1] 0 0 1 2 5 0 0 4
Percent of fetuses with one or more visceral:
anomalies (X) : 0.00 - 0.00 0.00 0.00 0.00 0.00 25.00 100.00 100.00 0.00 0.00 100.00
Identification letter(s) of fetuses with:
Skin - edematous BE ADGJIN AEJN
Palate - cleft A BE JN AEJ
Cryptorchism AEN

Al) fetuses resorbed and/or dead.
Fetus E was noted to have cleft palate during external examinatton.

All fetuses were noted to have edematous skin during external examination. Fetuses B and E were confirmed at visceral examination. Fetuses C and E were

noted to have cleft palate during external examination. Fetus E was confirmed at viscera) examination.

Fetuses H and N were noted to have edematous skin during external examination. Fetus N was confirmed at visceral examination. Fetuses H and 1 were noted
Lo have cleft palate during external examination.

Fetus £ was noted to have cleft palate during external examination.

All fetuses were noted to have edematous skin during externa) examination. Fetuses A, E, J, and M were confirmed at visceral examination. Fetuses A, J,
and L were noted to have cleft palate during external examinatlion. Fetuses A and J were confirmed at visceral examinatfon.. .

-Sg-



Appendix 7 - Continued
Individual Visceral Findings in Fetuses
Rat Teratology Study of T7-3351
Group 4 - 10 mg/kg

154-160

2 2 2 2 2 2 2 2 2 2 2 2
1 17 1 1 7 7 7 1 1 17 7 7
1 1 1 1 1 ] ] 1 ] 1 1 ]
Maternal 1 1 2 2 2 2 2 2 2 2 2 2
Number: 8 9 0 1 2 3 4 5 6 ] 8 9
Nusber of fetuses examined NP ® f 5 A 5 5 s D NP NP
Number of fetuses within normal 1imits 4 3 s 5 0 0
Number of fetuses with one or more visceral variants 0 0 0 0 0 0
Percent of fetuses with one or more skeletal varjants (%) 0.00 0.00 0.00 0.00 0.00 0.00
Identification letter(s) of fetuses with: :
Brain - cerebral hemisphere contained dark area
Eye(s) - contained dark material
Liver - dark areas
Kidoey(s) - pelvis dilated
Ureter(s)-- distended
- undulated
Number of fetuses with one or more visceral anomalies 1 1 0 0 5 5
Percent of fetuses with one or more visceral
apomaties (X) 20.00 25.00 0.00 0.00 100.00 100.00
Identification letter(s) of fetuses with:
Skin - edematous ADGIM BEHKN
Palate - cleft E DIN EHN
Cryptorchisa ] 6 BHK

NP = Not Pregnant.
FD = Found Dead.

& an fetuses resorbed and/or dead.

A1l fetuses were noted to have edematous skin during external examination.
F, J, and L were noted to have cleft palate during externa) examination.

-

Fetuses A, D, 6, J, and M were confirmed at visceral examination.

Fetus J was confirmed at visceral examination.

Fetuses 8,

-99-



Number of fetuses examined
Number of fetuses within normal limits
Number of fetuses with one or more skeletal varfants

Percent of fetuses with one or more skeletal varfants (%)

Tdentification letter(s) of fetuses with:

Lagging Ossification

Skull - {ncomplete closure (<75%)

Appendix 8

Individual) Skeleta) Findings in Fetusesd

Rat Teratology Study of T-335)
Group 1 - 0 mg/kg

n

' 154-160

- interparietal ossification incomplete/nonossified DI J

parietals ossification irregular

- supraoccipital ossification tncomplete/nonossified 3

supraoccipital nonfused
- hyoid ossification incomplete/nonossified
Pectoral girdle - scapula ossification incomplete
. Rib cage - sternebrae bipartite
- Sternebrae 1 and 2 fused
- Sternebrae <3 ossifiéd
- ribs <13 ossifiedd
- ribs >13 ossified (cervical reglon)
- ribs 13th pair smalib
- ribs ossification frregular
Yertebral column - sacral arches nonossified

~ thoracic centra ossification incomplete/

. nonossified
- thoracic centra nonfused
- caudals <3 ossified

Pelvic girdle - pubis ossification incomplete/
nonossified
- {schium nonossified
Forelimbs - <3 ossified
Hind)imbs - <4 ossified

Bone Alignment
Ribs - angulated

Sternebrae - checkered

NP = Not Pregnant.

2 2 ? 2 2 2 2 2 2 2 2 2 2
7 7 7 1 7 7 7 7 7 7 7 7 7
0 0 0 0 0 0 0 0 0 ) 0 0 0
Maternal 3 3 .3 3 3 3 3 3 k] 3 4 4 4
Nunber: 0 1 2 3 s 5 6 1 8 9 0 ) 2
0 10 9 8 s N 9 wp 8 8 8 10 9
5 6 6 7 4 8 7 5 8 0 7 6
5 4 3 1 5 3 2 . 3 0 8 3 3
50.00 40.00 33.33 12.50 55.56 27.2] 22.22 37.50  0.00 100.00 30.00 33.33
BGM
" FH L N H
EK 3 BN
N6l FIK H 8 ) GLH
F
£F
CFHI
£ M
K B LN FG
.1 8F 86 CKO
, ¢t BCFGIL
FIK
F
M
E

3 There were no skeletal anomaltes noted in any fetuses.

b possible preparation damage at time of evisceration.
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Appendix 8 - Continued
Individual Skeletal Findings in Fetuses?
Rat Teratology Study of T-3351
Group 1 - 0-mg/kg . .

2 2 2 2 2 2 2 2 2 2’ 2 " 2
7 1 1 1 1 17 1 1 1} 71 7 1
0 0 0 0 0 0 0 0 0 0 0o + 0
Kalernal 4 4 4 4 4 4 4 5 5 5 5 5
Number: 3 4 5 6 1 8 9 0 1 2 3 4
Number of fetuses examined 3 10 6 8 - 9 n 9 7 10 10 ‘N
Nuaber of fetuses within norma) lYimits 1 ] 5 7 3 5 7 8 6 9 5 1
Number of fetuses with one or more skeletal variants 2 2 1 1 4 4 4 1 1 ] 5 10
Percent of fetuses with one or more skeletal variants (X) 66.67 20.00 16.67 12.50 57.14 44.44 236.36 1)1.11 14.29 10.00 50.00 90.9)
1dentification letter(s) of fetuses with:
Lagaing Ossification . ) .
Skull - incomplete closure (<715%) D . R E
- interparietal ossification incomplete/nonossified DE N c L F IL 8 EHI BCEHIK
LNQ
- parietals ossification irregular E
- supraoccipital ossificatton incomplete/nonossified 0 J F 1 ILR £l BFHIXL
0 .

- supraoccipital nonfused . E
~ hyotid ossification incomplete/nonossified El BEFHN
Pectoral girdle - scapula ossification incomplete
Rib cage - sternebrae bipartite
- sternebrae 1 and 2 fused
- sternebrae <3 ossified . R . Hl
= ribs <13 ossified?
- ribs >13 ossifted (cervical region)
- ribs 13th patr smallb
~ ribs ossification irregular E
Vertebral column - sacral arches nonossified
- thoracic centra ossification incomplete/

nonossified : BCFL TH N J FIK
- thoracic centra nonfused F
. - caudals <3 ossified D R B Hl
Pelvic girdle - pubis ossification incompletes ’ .
nonossified - . J R HIL

. = dschium nonossified
Forelimbs - <3 ossified :
Hindlimbs - <4 ossified . . R

Bone_Alianment
Ribs - angulated E

Sternebrae - checkered .

3 Yhere were no skeletal anomalies noted in any fetuses.
b possible preparation damage at time of evisceration.
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Appendix 8 - Continued
Individual Skeletal Findings in Fetusesd
Rat Teratology Study of T-335)
Group 2 - 1 mg/kg

Maternal
Number:

(T W RN
RN O~ N
~ O~
DO~
BN O
OO O~
-t O O =~ N
VOO~
WO~
LN N~ X
(S - -V X}
OO~
Ll - N —-R Nt

Number of fetuses examined NP

8
Number of fetuses within normal limits 6 ¢

2

5

-0 o
N
L XN
~ -
Ao
=R
L ALY

Number of fetuses with one or more skeletal variants 8
Percent of fetuses with one or more skeletal variants {(X) 25.00 10.00 22.22 44.44 81.50 71.43 20.00 100.00 33.33 50.00 15.00 44.44
Identification letter(s) of fetuses with: .

Lagging Ossification .
Skull - incomplete closure (<75%) B . £ BFNO _

- interparietal ossification incomplete/nonossified P BEGHIK CEHLM EFK "
- parietals ossification irregular BEGJIK CE
supraoccipital ossification incomplete/nonossified P BGHJ ) 8CEFH B '
supraoccipital nonfused
hyold osstification incomplete/nonossifted | P 1 BEGHIX BCEFHI BF 1
"N N
Pectoral girdle - scapula ossification incomplete : ¢
Rib cage - sternebrae bipartite H
- sternebrae 1 and 2 fused
~ sternebrae <3 ossified -

ribs <13 ossifiedd
ribs >13 ossified (cervical region) .
ribs 13th pair smalld . .
ribs ossification frregular . CE
Vertebral coluan - sacral arches nonossified

- thoracic centra ossification tncomplete/

nonossified 1 F BIr0 K

- thoracic centra nonfused . BCEHK

- caudals <3 ossifted 0
Pelvic girdle - pubts ossification incomplete/

nonossified

. - fschivam nonossified

Forelimbs - <3 ossified
Hind)imbs - <4 ossified

-t N A
-
oo

wo e

V=D

o~

Bone Alignment : X :
Ribs - angulated ) 3 CEH
Sternebrae - checkered .

NP = Not Pregnant.
3 There were no skeletal anomalies noted in any fetuses.
b possible preparation damage at time of evisceration.
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Maternal
Number:

Number of fetuses examined

Number of fetuses within normal limits:

Number of fetuses with one or more skeletal variants
Percent of fetuses with one or more skeletal variants (%)
ldentification letter(s) of fetuses with:

Lagaing Ossification
Skull - incomplete closure (<15$) .

interparietal ossification incomplete/nonossified

parietals ossification trregular
supraoccipital ossification incomplete/nonossified

supraoccipital nonfused
hyoid ossification incomplete/nonossified

Pectoral girdle -~ scapula ossification incomplete

* . Rib cage -

sternebrae bipartite
sternebrae 1 and 2 fused
sternebrae <3 ossified

- ribs <13 ossifiedb

ribs >13 ossified (cervical region)
ribs 13th pair smallb
- ribs ossification irregular

Vertebral column - sacral arches nonossified

- thoracic centra ossification incomplete/
nonossified

~ thoracic centra nonfused

~ caudals <3 ossified

Pelvic girdle - pubis ossification incomplete/

nonossified
- 1schium nonossified .

fForelimbs - <3 ossified
Hindlimbs - <4 ossified

Bone Alignment
Ribs - angulated

Sternebrae - checkered

NP ~ Not Pregnant.
2 There were no skeletal anomaltes noted in any fetuses.
b possible preparation damage at time of evisceration.

Appendix 8 - Continued
Individual Skeletal Findings in Fetusesd

Rat Teratology Study of T-3351

Group 2 - 1 mg/kg

2 2 2 2 2 2 2
1 1 1 ? 1 1 1
0 0 0 0 0 0 0
6 6 7 7 1 7 7
8 9 0 1 2 3 4
10 10 10 9 n 0 10
8 9 1 ? 0 8 8
2 ] 3 2 1B 2 2

20.00 10.00 30.00 22.22 100.00 20.00 20.00 100.00 62.50 25 00 33.33

I ’ BH1

CEFHIK

L

BECFHK
LNR
CEFIXL
BCEFKL N
NR

BCEFLO
R

HR F

F

P

2 2 2 2 2
1 ? 1 7 1
0 0 0 0 0
i 7 ? 7 7
5 6 ? 8 9
9 8 8 9 NP
0 3 6 6

9 5 3

BCEFH) TL

LNO

FIR0o It

CFHILN EIL
F

H 8

£

0

L

EL

co

10
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Appendix 8 - Continued
Individual Skeletal Findings in Fetusesd
Rat Teratology Study of 7-3351
Group 3 - 5 mg/kg

Maternal

Number: 0 1

Number of fetuses examined 10 8 -
Number of fetuses within normal limits : 8 5 8 1 ]
Number of fetuses with one or more skeleta) variants 2 3 3 2 9 4
Percenl of fetuses with one or more skeletal variants (X) 20.00 37.50 12.50 12.50 21.21 22.22 90.00 0.00 12.50 25.00 40.00 40.00
ldentification letter(s) of fetuses with: .

Lagqing Ossification «

a .
Skull - incomplete closure (<75%X) BE EL 0 0
~ iInterparietal ossification incomplete/nonossified - B [} B FJop
- parietals ossification irregular .
- supraoccipital ossification incomplete/nonossified H 0 8 BC Jo
- supraoccipital nonfused .
- - hyoid ossifilation incomplete/nonossified 8 H F I B8CK
Pectoral girdle - scapula ossification incomplete
Rib cage - sternebrae bipartite 13 BEFHLO
: - sternebrae 1 and 2 fused
~ sternebrae <3 ossified ’ . . 8
: - ribs <13 ossifiedd
H ~ ribs >13 ossified (cervical region)
1 - ribs 13th pair smal}b ’
g "~ ribs ossification irregular .
Vertebral column - sacral arches nonossified
. - thoracic centra ossification incomplete/
! nonossified 1 CH 0 HK INO [
. - thoracic centra nonfused BCF

DO~~wnN

DO~wN
N DO~
WO~
L - -l — N XY
O W O~
- D O~ N

FQONN

KP 11 9 10 10 1
6

!\HQQHM
,@QONN
lNOOHN
oo ,DQONN
a0 -l X~ XN X

- i €D
- o~ D

8
7
1

N

-'[L-

: - caudals <3 ossified 8 0
Pelvic girdle - pubis ossification incomplete/
) nonossified
- ischium nonossified
forelimbs - <3 ossified .
HindVimbs - <4 ossified . : B . A

Bone Alignment

Ribs - angulated
Sternebrae - checkered

. [l
KP = Not Pregnant. .
2 There were no skeletal anomalies noted in any fetuses.
b possible preparation damage at time of evisceration.



Appendix 8 ~ Conttiaued

Individual Skeletal Findings in Fetusesd
Rat Teratology Study of 7-3351

-Group 3 - 5 mg/kg

Sternebrae - checkered

.

NP = Not Pregnant.
3 There were no skeletal anomalies noted in any fetuses.
b possible preparation damage at time of evisceration.

2 2 2 2 2 2 2 2 2 2 2 2
7 1 1 17 7 7 7 7 7 7 ? 7
0 0 0 0 0 0 0 1 1 1 1 1
Maternal 9 9 9 9 9 9 9 0 0 0 0 0
Number: 3 4 _5 6 b 8 9 0 | 2 K] 4
Number of fetuses examined 8 8 10 8 8 8 8 10 8 9 9 NP
Number of fetuses within normal limits 3 8 7 3 5 8 4 0 8 7 6
Number of fetuses with one or more skeletal varfiants 5 0 3 5 3 0 4 10 0 2 3
Percent of fetuses with one or more skeletal variants (%) 62.50 0.00 230.00 62.50 37.50 0.00 50.00 100.00 0.00 22.22 33.33
Identification letter(s) of fetuses with:
Lagqing Ossification
Skull - incomplete closure (<75%) BCEFHI N
KLNO
- interparietal ossification incomplete/nonossified HK Fl 0 EFN
- parietals ossification irregular . 1
- supraoccipital ossification incomplete/nonossified CEl L BCEFHI N F
KLNO
- Supraoccipita) nonfused
- hyoid ossification {acomplete/nonossified 1] HL LN F
Pectoral girdle - scapula ossification incomplete
Rib cage - sternebrae bipartite IN BEFIK
- sternebrae 1 and 2 fuysed
- .sternebrae <3 ossified BLN
"~ ribs <13 ossifiedd
- ribs >13 ossified (cervical region) 06
- ribs 13th pair smallb
~ ribs ossification irregular K
Vertebral column - sacral arches nonossified LN
- thoracic centra ossification incomplete/ . .
nonossified N €X 1LN L N
- thoracic centra nonfused Fl
- caudals <3 ossified D BCEFHI N
KLNO
Pelvic girdle - pubis ossification incomplete/
: nonossified BILN
~ 1schium nonoscified LN
Forelimbs - <3 ossified LN
Hindlimbs - <4 ossified BEIKL
Bone_Alignment
Ribs - angulated . ) 1K 3]
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Appendix 8 - Continued

Individual Skeletal Findings in Fetusesd

Maternal
Number:

Number of fetuses examined

Number of fetuses within normal limits

Number of fetuses with one or more skeletal varfants
Percent of fetuses with one or more skeletal variants (%)
Identification letter(s) of fetuses with: i

Ltagging Osstfication

Skull - incomplete closure (<75%)

interparietal ossification Incodplete/nonosslfled

- parietals ossification irregular
- supraoccipital ossification incomplete/nonossified

- supraoccipital nonfused
; = hyold ossification incomplete/nonossified
Pectoral girdle ~ scapula ossification incomplete
Rib cage - sternebrae bipartite

~ sternebrae 1 and 2 fused
‘- sternebrae <3 ossified
- ribs <13 ossifiedd
- ribs >13 ossified (cervical region)
- ribs 13th pair smallb
- ribs osstfication irregular
Vertebral column -~ sacral arches nonossified
. - thoracic centra ossification incomplete/
nonossified
- thoracic centra nonfused
- caudals <3 ossified

Pelvic girdle - pubis ossification incomplete/
nonossified
- fschium nonossified
Forelimbs - <3 ossified
Hindlimbs - <4 ossified

Bone Alignment
Ribs - angulated

Sternebrae - checkered

NP = Not Pregnant. .

2 There were no skeletal anomalies noted in any fetuses,
b possible preparation damage at time of evisceration.

C Al fetuses resorbed and/or dead

Rat Teratology Study of T-3351

Group 4 ~ 10 mg/kg

154-160

7 3 2 2 3 7 3 2 2 2 2 7 ?
1 7 7 7 7 7 1 7 7 7 1 7 1
1 1 1 ! 1 ) | | ! 1 ) 3 1
0 0 0 0 0 1 1 1 ) 1 1 ] 1
5 6 1 8 9 0 1 2 3 s 5 6 1
10 6 6 10 o 9 10 8 4 g8 10 7 7
3 6 2 10 3 1 0 0 0 6 H 0
7 0 4 0 6 3 8 4 8 P 3 7
70.00 0.00 66.67 0.00 66.67 30.00 100.00 100.00 100.00 40.00 42.86 100.00
8 BCEFHI COFO  BCEFHI L BCFOKL
KL It - N
8 CE  COFO EFHI BCFEXL
N
cH BFHK COO  BCEFHI L N
M
CEIL F BCFGKL
H L
£ CEXLN
CFHILN CF1 BEFHK BCFHIK CDO  BCEFHI BEIN € BFGL
0 L
CH CEXN
N CEKN
K K I T R 1|
BH. X c
BCEHIK COFO  CEFI BCFEKL
N
CH I CFEKLN
(o CN
BCEFHK COFO  CEHI BCFGKL
L N
HN € COFO N
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. Individual Skeletal Findings in Fetuses?

Naternal

Number:

Number of fetuses examined

Number of fetuses within norma) Yimfts

Number of fetuses with one or more skeletal variants
Percent of fetuses with one or more skeleta) vartants (X)
Identification letter(s) of fetuses with:

Lagging Ossification
Skul) - incomplete closure (<75%)

interparietal ossification incomplete/nonossified
parietals ossification trregular

supraoccipital ossification incomplete/nonossified
supraoccipital nonfused

hyoid ossification incomplete/nonossified

Pectoral girdle - scapula ossification Incolplete

Rib cage - sternebrae bipartite

LI N I |

sternebrae 1 and 2 fused

sternebrae <3 ossified

ribs <13 ossifiedd

ribs >13 ossified (cervical regton)

ribs 13th patr small

ribs ossification irregular

Vertebral column - sacral arches nonossfified

- thoracic centra ossification incomplete/
nonossified

- thoracic centra nonfused

- caudals <3 ossified

LI I O R B |

Pelvic girdle - pubis ossification incomplete/
nonossified
- ischium nonosslfied
Forelimbs - <3 ossified
Hind)imbs - <4 ossified

Bone Alignment
Ribs - angulated
Sternebrae - checkered

NP = Mot Pregnant. .

D = Found Dead.

3 There were no skeletal anomalies noted in any fetuses.
b possible preparation damage at time of evisceration.

€ A1) fetuses resorbed and/or dead.

W

Appendix 8 - Continued

Rat Teratology Study of 7-3351
Group 4 - 10 mg/kg

2 2 F 2 2 3 7] 2 2 2 2 2
7 7 7 7 7 7 7 7 7 1 1 1
1 1 1 ) ) ) ) ) ) 1 ) 1
) 1 2 2 2 2 2 2 2 2 2 2
8 g 0 ) 2 3 4 5 6 1 8 _9
" NP o 10 8 10 10 8 9 FO NP NP
4 s 10 3 0 0
6 3 0 7 8 9
60.00 37.50 0.00 70.00 100.00 100.00
8 BCEFHI CDFIIL
KL MO
B CINP  BFIKL 1
CIKO N BCHP MK CIJLNO
BCEFIL
cF K
FIKO N BCEFHI COFGIJ
L LHO
XL
B KL
c P L I
Hl
81  BCEFHI CJL
KL
BCHIKL
KL
KL
8 BCEFHT CIJLO
KL
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]EFFERSON MEDICAL COLLEGE
of .
THOMAS JEFFERSON UNIVERSITY

Philadelphia, 19107
(215) 928-7820

Daniel Baugh Institute

Department of Anatomy
Office of the

Director and Chairman

December 7, 1983

Mr. William C. McCormick, III
Toxicology Services, Medical Department
220-2E 3M Center

St. Paul, MN 55101

Dear Mr. McCormick:

I have received the draft report of T3351 from Dr. Wetzel and after careful
review find it to be a clearly explained study. It is a state-of-the-art
safety evaluation for developmental toxicity.

The data demonstrate severe maternal toxicity is evident both during and
after treatment at both 5 and 10 mg T3351/kg/da and that the higher dosed
group was the more severely affected. Their food intake was reduced and,
not only did the dams not gain weight normally, actual maternal weight
losses occurred in both these treatment groups. Numerous clinical signs of
maternal distress and even hair loss were observed. There were directly
related reductions in fetal body weights from these ill dams. However,

for such ill mothers and small fetuses, the S mg group showed fewer skeletal
delays than one might expect in such severely stressed mothers. No signs of
either maternal or developmental toxicity occurred in the low dose group.

In short, at dose levels severely maternally toxic and even lethal, T3351
exerts only a relative few of the adverse effects on the conceptus one

would expect. At a dose level below that producing maternal death, but numer-
ous other signs of maternal toxicity, there were only minor effects on the
rate of fetal development and, at the all important maternally nontoxic dose
level, embryonic and fetal development were absolutely normal.

This study clearly illustrates the safety of the test substance for the
conceptus. The mother appears more vulnerable to T3351 than the conceptus
and one would conclude that as long as exposures are kept below adult toxic
levels, embryonic development would also not be affected.

This study of T3351 makes a clear statement of a no effect level and fetal
safety. You have gone the extra mile and are to be congratulated for your



Page 2
William C. McCormick
December 7, 1983

high motivation. I cannot envision a customer or a regulatory agency
being confused by, or having reservations regarding, this data base
clearly establishing T3351 to not represent a developmental hazard to the
conceptus.

Sincerely,

57 /4

E. Marshall Jojfson, Ph.D.
Professor and Chairman
Director, Daniel Baugh Institute

EMJ:amf

cc Dr. Lawrence T. Wetzel, Ph.D.
Department of Toxicology
Hazleton Laboratories America, Inc.
9200 Leesburg Turnpike
Vienna, VA 22180
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Summary

Oral administration of FC-95 at doses of 10, 5 and 1 mg/kg/day to pregnant
Sprague-Dawley rats during days 6 through 15 of gestation (period of organogenesis)
resulted in fetuses with teratogenic changes in the lens of the eye. The
teratogenic effect was a developmental eye abnormality which appeared to be an
arrest in development of the primary lens fibers forming the embryonal lens
nucleus, followed by secondary aberrations of the secondary lens fibers of

the fetal nucleus. The lens abnormality occurred in all FC-95 dose groups,

but the proportion of fetuses with the lens changes was significantly higher

than the control group only in the 10 mg/kg/day group.

FC-95 administration was maternally toxic only to the 10 mg/kg/day group.
At gestation days 12 through 20 their mean maternal body weights were significantly
lower than the controls. FC-95 was not maternally toxic to the 5 and 1 mg/kg/day

groups.

FC-95 was not embryotoxic and did not affect the ovaries or reproductive
tract contents of the dams. The compound did not produce an increase in the
number or proportion of abnormal fetal skeleton aberrations.



Introduction

This teratology studyi of FC-95 in rats was conducted to evaluate the embryotoxic
and teratogenic effects of orally administered FC-95. The study was sponsored by
3M Commerical Chemical Division, St. Paul, Minnesota and was conducted by the
Safety Evaluation Laboratory, Riker Laboratories, Inc., St. Paul, Minnesota.

The compound administration period was from July 14 through July 24, 1980. The
protocol and list of the principal participants and supervisory personnel can be
found in Appendices I and II respectively.

All portions of this study were conducted according to the Good Laboratory
Practice (GLP) regulations and the Safety Evaluation Laboratory Standard
Operating Procedures (see Appendix III for Quality Assurance Unit statement).
The storage location for specimens, raw data and a copy of the final report is
maintained in the Safety Evaluation Laboratory's recoxd archives.

Methods

Time mated Spraque-Dawley derived rats were obtained from Charles River Breeding
Laboratory and assigned cages according to a computer-generated random numbers
table. The rats were then divided into four groups of 22 animals weighing 175

to 261 grams. The rats were housed individually in hanging stainless steel cages
with, wire mesh floors and fronts in a temperature and humidity controlled room.
Food— and water were available ad libitum. The lights were on a 12 hour light/dark

cycle.

The animals were observed daily from day 3 through day 20 of gestation for
abnormal clinical signs. Body weights were recorded on days 3, 6, 9, 12, 15 and
20 of gestation and the rats dosed accordingly using a constant dose volume of

5 ml/kg of body weight. The four groups were dosed with FC-95 (Lot 640) suspended
daily in corn oil at 0, 10, 5 or 1 mg/kg/day. FC=-95 was administered daily by
oral intubation with a syringe equipped with a ball-tipped intubation needle to
the rats on days 6 through 15 of gestation (day 0 indicated by sperm—positive
vaginal smear). FC-95 analytical characterization (see Appendix IV) was provided by
3M Commercial Chemical Division, St. Paul, Minnesota.

all animals were sacrificed on day 20 by cervical dislocation and the ovaries and
uterus, including its contents, were exuaniined immediately to determine the
following: number of corpora lutea, number of viable fetuses, number of resorp-
tion sites, pup weights and sex, and any gross fetal abnormalities. Approximately
one-third of the fetuses were fixed in Bouin's solution for subsequent free-hand
sectioning by the Wilson technique to determine visceral abnormalities. The
remaining fetuses were preserved in alcohol for clearing and staining of the
skeleton with alizarin red to detect skeletal abnormalities. Selected free-hand
sections were processed for histological evaluation.

Riker Experiment No. 0680TR0O008
Purina Laboratory Chow, Ralston Purina Company, St. Louis, MO

1o'jo



Results

FC-95 administered during the period of organogenesis was toxic to the high dose
group (10 mg/kg/day) maternal rats. The mean body weights of all dose groups

were similar at gestation days three through nine (Table 1, Appendix V). At
gestation days 12 through 20 the high dose group rats weighed significantly

less than controls (0 mg/kg/day). The mean maternal body weights of mid (5 mg/kg/day)
and low (1 mg/kg/day) dose groups were not different from the controls throughout

the study. Even though FC~95 was maternally toxic at the high dose level, no
compound-related clinical signs were observed in any of the dose groups.

FC-95 was not embryotoxic and did not affect the ovaries or reproductive tract
contents of the dams. The mean number of male, female, total and dead fetuses;
the mean number of resorption sites, implantation sites, corpora lutea and mean
fetus weights of the three FC-95 dose groups were not significantly different
from the controls (Table 2, Appendix VI). The high dose group did have a lower
mean number of viable male, female and total fetuses than the other three groups
which resulted from a lower number of embryos at the start of the study. Con-
tributing pieces of evidence to the lower number of high dose embryos are the
low mean number of implantation sites, corpora lutea, resorption sites and the
absence of dead fetuses.

FC~-95 did not cause compound-related abnormal gross fetal findings (Table 3),

nor did FC-95 treatment produce an increase in the number or proportion of
abnormal fetal skeletal aberrations. Fetal skeleton results of the three
compound treated groups were not significantly different from the control

group (Table 4). The incidence and proportions of sternebrae nonossified and
associated changes of sternebrae assymetrical, sternebrae bipartite and one
sternebrae missing were unusually high in all dose groups of this study including
the control group. .

FC-95 was teratogenic in the rat at all dose levels administered in this study.
The teratogenic effect was a developmental eye abnormality which appeared to be

an arrest in development of the primary lens fibers forming the embryonal lens
nucleus, followed by secondary aberrations of the secondary lens fibers of the
fetal nucleus. All eye abnormalities were localized to the area of the embryonal
lens nucleus although a variety of morphological appearances were present within
that location. The range of morphological appearances as cbserved under the
dissecting microscope varied from a slight discoloration of the lens near the
anterior margin to a dark colored oval area, often containing a cleft, extending
from beneath the lens epithelium to half-way through the lens posteriorly.
Histologically the discolorations were due to presence of lens vesicle remnants
surrounding the abnormal embryonal lens nucleus. One of the most severly affected
eyes had most of the embryonal lens nucleus replaced by sinus spaces containing
red blood cells. Also contributing to the discolorations werxe primary lens fibers
which appeared to have not elongated. These lens fibers were tortuous and lacked
nuclei in a normal lens bow of nuclei. Secondary lens fiber development progressed
normally except immediately surrounding the abnormal embryonal nucleus. Secondary
aberrations of secondary lens fibers included the bending of the fibers around the
abnormal oval area, the subsequent formation of prominant anterior and posterior
Y sutures of the converging fibers and lens vesicle remnants surrounding the
embryonal nucleus.
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The lens abnormality occurred in all dose groups except the control group. The
proportion of fetuses with the lens abnormality in one or both lenses was
significantly higher in the high dose group than the control (Table 5). The

lens abnormality recorded for one control fetus under the dissecting microscope
was an artifact when evaluated by transmission light microscopy. A no-effect
dose level for the teratogenic lens abnormality was not established in this study.

Discussion

Optimal visual functional requirements are met during embryonic development by

the differentiation of highly specialized populations of cells from undifferentiated
precoursers and by the coordinated morphogenesis of the resulting tissues. Both
processes are controlled to a remarkable extent by interactions which occur

among emerging tissues. Each tissue of the eye is brought to its final state of
differentiation, its cell population size and its definitive geometry, not only

by intrinsic processes, but also by extrinsic influences exerted by neighboring
tissues*.

The embryonal origin of the lens is undifferentiated ectoderm. The tip of the
optic vesicle, presumably the neural retina, plays the final role in inducing
lens from overlying ectoderm and in aligning the lens precisely with the rest
of the eye. Alternative or sequential action of tissues derived from endoderm
(foregut) and mesoderm (heart) on the same target tissue decreases the probability
that lens formation would be aborted by accidents during the early phases of
induction. While the nature of the inductive influence remains unknown, there
are indications that substances may be transferred from the presumptive neural
retina to the overlying ectoderm during induction. A prolonged period of
inductive interaction not only increases the probabililty that lens induction
will occur successfully in the face of interference, but provides a mechanism
for continuously adjusting the size, shape, position and orientation of the
lens to that of the retinaZ2.

During the early stages of the inductive process, the ectodermal cells immediately
overlying the tip of the optic vesicle elongate prependicularly to the body
surface to form a thickened disc (lens placode). The change in cell shape is
accomplished without change in cell volume. The number of cells, however, continues
to increase during this period. Toward the end of lens placode formation,
acidophilic fibrils appear in the apices of the lens placode cells. At about

this time, the placode invaginates to form the lens cup. This invagination is
independent of the concomitant invagination of the underlying optic vesicle,

and is probably due to forces operating within the lens ectoderm. As the .lens

cup deepens, its opening (lens pore) becomes progressively constricted until its
lips meet and fuse, cutting off the lens vesicle internally and re-establishing
continuity in the overlying ectoderm. Closure of the lens pore is attended by,
and possibly accomplished by, a local and temporaty restricted wave of cell death.
Following closure of the lens pore, the cells at the back of the lens vesicle
continue to elongate, under the influence of the neural retina, to form the

lens fibers. As the fibers grow the cavity of the lens vesicle is obliterated.
The lens cells toward the ectoderm, which do not elongate further, form the

lens epitheliumz.



The cuboidal lens epithelial cells which face the cornea continue to grow after
the lens vesicle forms. As the cells rotate through the equator region, they
take their places on the surface of the growing fiber mass. These cells differ-
entiate into secondary lens fibers at the equator and elongate rapidly toward the
poles of the lens where they meet with other fibers in planes of junction called
sutures. As secondary fibers grow their nuclei become positioned at about the
center of the fibers and form a convex lens bow outward. Since the newer

fibers are always deposited superficially, the oldest fibers in the lens come

to lie centrally and are referred to collectively as the lens nucleus. With
time the lens cell nuclei in this region become pycnotic and finally disappear.
The cell fibers, however, are not broken down and removed but remain in place.
Thus the size and shape of the lens are controlled by factors which control the
number, size and shape of lens cells2.

The teratogenic effect of FC-95 probably occurred during the portion of organo-
genesis between differentiation of lens tissue from ectoderm and the formation
of secondary lens fibers surrounding the embryonal lens nucleus. The exact
time of the teratogenic insult and the morphogenesis of the abnormality were
not determined in the study. The developmental lens abnormality appears to be
unique because it has not been described as a compound-related abnormality3.

A similar-appearing structural lens abnormality has been reported to occur
spontaneously in rat fetuses, but with a very low incidence of 1.2%4. The
abnormality resembles the Fraser developmental lens abnormality of a mutant
mouse strain which results from degenerative primary lens cells>.
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Table 1

Oral Teratology Study of FPC-95 in Rats

Mean Maternal Body Weights with Standard Deviations

Dose Gestation Day
Group 3 6 9 12 15 20
0 mg/kg/day MEAW S8 223 247 272 IS 290
STAN, DEY 16.7 47. 6 28 3 28 5 24, 4 33 &
10 mg/kg/day MEAN 493 223 243 2572 278 3432
STHN., DEY 11. 8 1% & 18 2 1€. 2 18 & 34 ¢
5> mg/kg/day MERM 205 228 249 ZEE Z84 ITE
STAW, DEY 20,8 15 4 12 € 1% 2 17. 8 23 8
1 mg/kg/day MERAM 285 226 252 272 383
STHM, DEY 1% 8 1% 1 15 7 132 5 24, 6

N,

2 Significantly lower than the controls (Dunnett's t test p < 0.05)
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Table 2
Oral Teratology Study of FC-95 in Rats cn
Mean Litter Data and Pup Weightg with =,
Standard Deviations—
Dose No. of WIABLE FETLSES CERAL RESOREFTION IMFLAMTAHTION CORFOREAR MEAMN WT.
Group Animals M F TOTAL FETLI=ES HITES SITES LUVTER FETUS G
0 mg/kg/day ’ 20 52 4.3 186 [ 5 a7 19 & 14, 2 4, 2
1.7 2.1 2= (SR W9 205 &7 “ 4
10 mg/kg/day 17 E® Z 4 L (5 & a4 21 Q2 4 X
&8 2 4, = W oa . £ 4. = 1 B 3
5 mg/kg/day 17 BN < I T S L S 8.3 a v 11. 2 14.-1 4. 2 ‘
1L 298 22 SRR 1.4 2.2 & A “ =
1 mg/kg/day 19 4 7 G4 141 15 N § g 4 1.6 19. 2 4. 2
1.7 21 208 (5 Jie) © & 2.7 205 8. 4
2 rTreatment groups were not significantly different from controls (Dunnett's t test p < 0.05)
-~
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Table 3
Oral Teratology Study of FC~95 in Rats
Nunmber of Fetuses with Gross Findings2
. e 0 10 5 1
Findin
s mg/kg/day mg/kg/day mg/kg/day mg/kg/day
No. of fetuses examined 201 131 178 192
Umbilical hernia 1l —— 1 —-—
Runted —-— 1 —— 1
Total Normal Fetuses 200 130 177 191
Total Abnormal Fetuses 1 1 1 1

2 Treatment groups were not significantly different from the control
(Chi-square p < 0.05)
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Table 4
Oral Teratology Study of FC-95 in Rats a
Number and Percent of Fetuses with Skeleton Findings-—
0 10 5 1

Skeleton Finding mg/kg/day mg/kg/day mg/kg/day mg/kg/day
Fontanelle not closed 10 (7) 10 (11) 7 (6) 5 (4)
Frontal nonossified ’ 4 (3) 1 (1) -— 1 (1)
Parietal nonossified 2 (1) 1 (1) 1 (1) 1 (1)
Interparietal nonossified 3 (2) — — 1 (1)
Occipital nonossified 1 (1) 1l (1) -— —_—
Sternebrae nonossified 114 (81) 77 (85) 100 (8l) 107 (81)
Sternebrae asymmetrical 53 (38) 23 (25) 36 (29) 39 (29)
Sternebrae bipartite 7 (5) 4 (4) 5 (4) 6 (5)
One sternebrae missing 30 (21) 13 (14) 26 (21) 26 (20)
Two sternebrae missing 10 (7) 2 (2) 4 (3) 6 (5)
13 ribs 5 (4) 2 (2) 2 (2) 6 (5)
13 ribs spurred 7 (5) 7 (8) 8 (7) 4 (3)
Wavy ribs ' 1 (1) 2 (2) —-— 1 (1)
Protrusion on ribs 6 (4) 9 (10) 3 (2) 8 (6)
One body of the vertebrae 32 (23) 21 (23) 25 (20) 32 (24)

bipartite
Two bodies of the vertebrae 18 (13) 7 (8) 11 (9) 9 (7)

bipartite
Three bodies of the vertebrae 4 (3) 1 (1) 1 (1) 3 (4)

bipartite
Four bodies of the vertebrae —-— - —-— 1 (1)

bipartite
Total No. Normal Fetuses 7 (5) 3 (3) 1Cc (8) 10 (8)
Total No. Abnormal Fetuses 133 (95) 88 (97) 113 (92) 123 (92)
Total No. of Fetuses Examined 140 91 123 133

2 rreatment groups were not significantly

p < 0.05)
( ) = percent of total examined

different from the control (Chi-square
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Table 5
Oral Teratology Study of FC-95 in Rats
Number and Percent of Fetuses with Internal Findings
. . 0 10 5 1
Internal Findin
J mg/kg/day mg/kg/day mg/kg/day _ mg/kg/day
Eye abnormality 12(2) 142(35)S &(7) 2(3)
Thoracic cavity full —— 1 (3) —— -—
of blood
Enlarged atria 1 (2) —-—— -—— ——
Enlarged renal pelvis area 3 (5) — — 3 (5)
in the kidney
Abdominal cavity full 4 (7) 2 (5) 5 (9) 2 (3)
of blood
Total No. Normal Fetuses 52 (85) 23 (57) 47 (85) 53 (90)
Total No. Abnormal Fetuses 9 (15) 17 (43) 8 (15) 6 (10)
Total No. of Fetuses Examined 61 40 55 59

i

Eye abnormality was an artifact and was not considered for statistical

evaluations
Eye abnormalities were developmental lens abnormalities with secondary

lens aberrations
Significantly higher than the control (Chi-square p < 0.05)

( ) = percent of total examined

|0

|0
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Appendix I

Oral Teratology Study of FC-95 in Rats
Protocol

Objective

A teratology study will be used to evaluate the embryotoxic and teratogenic
effects of orally administered FC~95 to pregnant rats during the period

of organogenesis. The procedure complies with the general recommendations
of the FDA issued in January, 1966 ("Guidelines for Reproduction Studies

for Safety Evaluation of Drugs for Human Use"). The study will be conducted
according to the 1978 Good Laboratory Practice regulations and Safety Evalu-
ation Laboratory's Standard Operating Procedures.

Sponsor

3M Commercial Chemical Division, St. Paul, Minnesota.

Testing Facility

safety Evaluation Laboratory, Riker Laboratories, Inc., St. Paul, Minnesota.

Study Director

E. G. Gortner

Start of Dosing

Mid July, 1980.

Test System

Eighty-eight sexually mature, time mated Sprague-Dawley derived female rats
from Charles River Breeding Laboratory will be housed in hanging stainless
steel cages with wire mesh floors and fronts in a temperature and humidity
controlled room. This strain of rats will be used because of historical
control data and time mated females are readily available. Purina Laboratory
Chow and water will be available ad libitum. The lights will be on a 12 hour
light/dark cycle.

Test System Identification

Each animal will be ear tagged and that number will be indicated on the
outside of the cage.



t

Lo .
R . S PRI
JEUDE TR 4 ARONPIE L I

S S

o,

12

Appendix I (Continued)

Randomization

The animals will be assigned cages according to a computer-generated random
numbers table.

Control Article
Corn oil.

Test Article
FC-95.

Analytical Specifications

The test article, composition and purity will be determined by the Sponsor
(3M Commercial Chemical group) prior to the start of the study and at the
end of dosing.

Dosage Levels and Experiment Design

The test article will be suspended in corn oil daily. The test article
suspension and control article will be administered by oral intubation to the
rats on days 6 through 15 of gestation according to the following:

Dose Group ' Dose Level Group Size
High 10 mg/kg/day . 22 ¢
Mid 5 mg/kg/day 22 ¢
Low 1 mg/kg/day 22 2
Control 0 mg/kg/day 22 9

The oral route of administration will be used because of metabolism studies
showed radiolabeled FC-95 was well absorbed. No dietary contaminants are
known to interfere with the test article.

The animals will be observed daily from day 3 through day 20 of gestation

for abnormal clinical signs. Body weights will be recorded on days 3, 6,

9, 12, 15 and 20 of pregnancy and the rats dosed accordingly using a constant
dose volume of 5 ml/kg of body weight.

The females will be killed on day 20 and the ovaries, uterus and its contents
will be examined to determine: number of corpora lutea, number of fetuses
(live and dead), number of resorption sites, number of implantation sites,
pup weight and gross abnormalities. Approximately one-third of the pups will
be fixed in Bouin's solution for subsequent free-hand sectioning by the
Wilson technique to determine any visceral abnormalities using a dissecting
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Appendix I (Concluded)
microscope. The remaining approximately two-thirds of the pups will be
fixed in ethyl alcohol for subseguent skeletal examination after clearing

and staining with alizarin red.

Data Analysis and Final Report

The proposed statistical methods to be used for analysis of the data are:
Dunnett's t test for dam and pup weights, number of fetuses, number of
resorption sites, number of implantation sites and number of corpora lutea;

Chi square for percent abnormalities. The proposed date for the final report

is 2-3 months after detailed pup examinations have been completed (approximately
fourth guarter, 1980).



Appehdix II

Oral Teratology Study of FC-95 in Rats
List of Principal Participating Personnel

NAME FUNCTION

Edwin G. Gortner Study Director

Elden G. Lamprecht ] Veterinary Pathologist
Cathy E. Ludemann Coordinator-Histology
Gary C. Pecore Supervisor-Animal Care

Loren O. Wiseth Technician

14
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Appendix III

STATEMENT OF QUALITY ASSURANCE 15

STUDY NUMBER: 06B80TR0O008

TITLE: Oral Teratolooy Studv of FC-95 in Rats

Audits and/or inspections were performed by the Riker Quality Assurance
Unit for the above titled study, and reported to the study director and

to management as follows:

Date Performed

18 July 1980
28 July 1980
15 December 1980
17 December 1980

Date Reported

21 July 1980
28 July 1980
17 December 1980
17 December 1980

Etn) TR —

. E. Orterstrom

Laboratory Quality Assurance
Riker Laboratories, Inc.

%§§§EE§£ 17, 1980
ate

v
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APPENDIX 1v 16

Test and/or Control Article Characterization

for

FC - 95,, Lot G40

The identity strength, uniformity, composition, purity or other per-
tinent characterizations of the test and/or control substances have
been determined and documented as of /hs# g /940 .

The method of synthesis or origin of the test and control substances,
including their amount the method of biocassay (if applicable) is

documented.
K

yes no

The stability of the test and/or control substances have been deter-
mined or will be determined as of Ce#gﬁgy of Tox {estiry &R /—@caﬂd'7«

The above information and documentation are located in the sponsor's re-
cords.

Form 19793 PWO

Bl 4. SY2ffc

Sponsor Date




Appendix Vv

Oral Teratology Study of FC-95 in Rats
Individual Body Weights (g)

Dose Group Study Day

and Rat No. 3 6 9 12 15 20
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Appendix V (Continued)

Oral Teratology Study of FC-95 in Rats
Individual Body Weights (g)

Dose Group Study Day

and Rat No. 3 6 9 12 15 20
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Appendix V (Continued)

Oral Teratology Study of FC-95 in Rats
Individual Body Weights (g)
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Appendix V (Concluded)

Oral Teratology Study of FC-95 in Rats
Individual Body Weights (g)
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Study Day
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Appendix VI

Oral Teratology Study of FC-95 in Rats
Individual Litter Data with Pup Weights
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Appendix VI (Continued)

Oral Teratology Study of FC-95 in Rats
Individual Litter Data with Pup Weights
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Appendix VI (Continued)

Oral Teratology Study of FC-95 in Rats

Individual Litter Data with Pup Weights

23

Dose Group
and Rat No.

WIHELE FETUSES
F  TOTHL FETLEES

g

DERD

RESOFR

SITES

IMFLAN CORFRA
FTION THTION LUTER
SITES

R

MEAM FETUS MWILGr

AN +

5 mg/kg/day

Pk
Pk
Fib:
Pk
Pk
Pk
Pk
P&k
Fak
(%1
FEE
Hisk
Fiak
Fak
Fiak
Fak
F
Fik
Fetk:
Fiak
Fik:

BPREERPREERRERBRBRRRERBRBE R

MERH
STHH. DEY.

LR B ST SR O O L I N R N Qe I A L Y T o

NI

ML

RO
T
MHOT

0o

b
1,!

[}

FE

P

]

! T

11
GHHNT
FEE!
12

1%
16
=
11
HEHMT
5 14
164
1%
5
o
FREGHANT
FREGHANT
FREGHANT

PR

A D =g B = L b
1,

[ BRS BN L I R 3 U

Lh

KOS PR I

1

[ URA
frl !31

S 0n

o

[

Dedioul Ol ol o

LX)

X%,
XL

P -
D OOl

iU oy B o I ]

[

-
[olixe

DO Ol e U Y

P AT R

g

BT

(%]

=

Dot |

1a

14
16
15
16

b

| ORI (84

iy

T

&

| JOLI (R N £ P I X ]

5

-
!

!_:..I 1) !.4‘._’ P

Bookoh b

LN

o) fa o3 o0

0T A L

*

r.
Py

Y

Bp B2
£ b

Bod b

AR SN

o T e

]

e
]

A R

JE O Y
[ I U <3

Ja b

I

R NEN

LR

LT (LR F R R

B R

F2 P B

o




Appendix VI (Concluded)

Oral Teratology Study of FC-95 in Rats
Individual Litter Data with Pup Weights
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Amended Summary (p. 1) to the Oral Teratology Study of FC-95 in Rats
Experiment No. 0680TR0008

Oral administration of FC-95 at doses of 10, 5 and 1 mg/kg/day to pregnant
Sprague-Dawley’ rats during days 6 through 15 of gestation (period of
organogenesis) was not teratogenic.

FC-95 administration was maternally toxic only to the 10 mg/kg/day group. At
gestation days 12 through 20 the maternal body weights of the high dose females
were significantly lower than the controls. FC-95 was not maternally toxic to

the 5 and 1 mg/kg/day groups.

FC-95 was not embryotoxic and did not affect the ovaries or reproductive tract
contents of the dams. The compound did not produce an increase in the number
or proportion of fetal skeleton variations.



Amendment to the Results and Discussion Sections (p.. 3-5)
of the Oral Teratology Study of FC~95 in Rats

Experiment No. 0680TR0008

(This amendment addresses the last two paragraphs of the
results section and the entire discussion section.)

FC-95 was labeled a teratogen of the lens because apparent lens abnormalities
were observed at the 10, 5 and 1 mg/kg/day dose levels. Based on subsequent
studies, particularly Riker Experiment No. 0681TR0362, the interpretations of
these observations have been extensively modified. The lens findings observed
under the dissecting microscope are now known to be either freehand sectioning
artifacts or a normal area of lens cell degeneration. The fetal rat lens
findings were incorrectly interpreted as a teratogenic change in this studye.

The gross finding of a lens cleft was an artifact created by freehand
sectioning. It represents a separation between the embryonal nucleus lens
cells and the lens epithelium. The gross finding of a lens dark streak was a
normal observation of the embryonal nucleus. The embryonal nucleus is an area
of normal lens cell degeneration in the gestation day 20 fetus.

The gross appearance of the rat lens at day 20 of gestation is determined by
the region of the lens which is transected by freehand sectioning. 1In a
subsequent study (Riker Experiment No. 0681TR0362) the compound-related
occurence of the lens findings could not be repeated when the fetuses were
coded before freehand sectioning and gross evaluation.- The range of gross lens
observations and the differences among the dose group incidences were due to
the manner and frequency in which the lens cleft artifact was created by
freehand sectioning and the limitations inherent in visualizing the embryonal
nucleus.

In summary, FC-95 in utero exposed fetuses did not have compound-related
changes in their lenses.

27



Amended Table 5 (p. 10,

Oral Teratology Study of FC~95 in Rats
Number and Percent of Fetuses with Internal Findings

. 0 10 5 1

Internal Finding mg/kg/day mg/kg/day mg/kg/day mg/kg/day
Lens findings® 1 (2) 14 (35)b 4 (7) 2 (3)
Thoracic cavity full —— 1 (3) —— m——

of blood
Enlarged atria 1 (2) —— —— —_—
Enlarged renal pelvis 3 (5) — —-— 3 (5)
Abdominal cavity full 4 (7) 2 (5) 5 (9) 2 (3)

of blood

61 40 55 59

No. of Fetuses Examined

2 fThe lens findings observed under the dissecting microscope were either
b freehand sectioning artifacts or a normal area of lens cell degeneration
— Significantly higher than the control (chi-sguare with Yates correction

( ) = percent of total examined
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Amended Appendix VII

STATEMENT OF QUALITY ASSURANCE

STUDY NUMBER: 2Amendment to 0680TR0008

: b
¢ " TITLE: Amendment to the Final Report of the Oral Teratology
) Study or FC-95 1in Rats

Audits and/or inspections were performed by the Riker
Compliance Audit unit for the above titled study, and
reported to the study director and to management as
follows:

Date Performed Date Reported

July 16 and 19, 1982 July 21, 1982

July 22, 1982 July 23, 1982
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gié 23 (122
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JEFFERSON MEDICAL COLLEGE

of
THOMAS JEFFERSON UNIVERSITY

Philadelphia, 19107
(215) 928-7820

Daniel Baugh Institute of Anatomy

Department of Anatomy
Office of the

Director and Chairman

November 12, 1982

Dr. Franklin D. Griffith
Toxicology Services
Medical Department
220-2E-02 3M Center

St. Paul, Minnesota 55101

Dear Dr. Griffith:

I would like to thank you and your associates for the hospitality extended
to me during my recent visit. In particular, Drs. Ebbens and Lamprecht were
most cooperative under what must have been for them somewhat difficult circum-
stances. Their willingness and ability to retrieve and make available the raw
data and both the histologic and gross anatomical specimens which I requested
was commendable and essential to my review.

I had ample opportunity to make a critical spot check and personal examin-
ation of the actual microscopic and gross anatomical specimen previously recorded
in the raw data sheets as being abnormal. No statistical or score sheet mode
of conclusion is possible, but the great majority of the stained and gross
preparations of eyes which had been reported as abnormal are actually quite
normal term fetal rat eyes. A standard artifact of preservation and a normal
developmental sequence were erroneously identified and reported as abnormalities.

During the course of the original studies, two-thirds of the specimens
were prepared for evaluation of skeletal morphology. The remaining one-third
was used for soft tissue evaluation and from these, some were evidently selected
for histologic preparation on the basis of a technician reporting the presence
of one of the artifacts. Coded specimens were not employed during either the
identification or selection phases of the experiment and one can observe a general
date, if you will, on which the "findings” began to become reported as test
substance-related adverse effects. Factors such as these preclude development
of a fully documented view. However, in addition to clearly establishing that
the "effects" reported are normal and expected occurrences, I was able to further
come to the perception that the test substance actually poses no unique hazard
to the conceptus.

One cannot determine how much negative data is needed to overcome the one
misidentified positive. It is necessary in my view, however, to resolve any
lingering scientific questions that may exist. This 1s best achieved by subjecting
both FC95 and FM3422 to carefully controlled and executed state-of-the-art safety



Dr. Franklin D. Griffith 2 November 12, 1982

evaluations in an independent outside laboratory. I recommend that a segment
II-type of safety evaluation be made with each substance in pregnant rats.

I am confident that the compounds will prove to not be hazardous to
development. 3M Corporation is to be commended for its excellent response to
an apparent substantial risk. The concern was unwarranted and any lingering
impugnment of FC95 and FM3422 regarding developmental toxicity needs to be
removed. :

Sincerely,

E Mol fobiron

E. Marshall, nson, Ph.D.
Professor ard¢/Chairman
Director, Daniel Baugh Institute of Anatomy

EMJ:sp



Summary PFOS Rabbit Teratology
Study Numbers: 3M T-6295.10, Argus 418-012

Compound & Lot: PFOS (Perfluorooctanesulfonate) — Lot 217, 98.4% pure (SMD Analytical Request
53030) Analytical Documentation filed along with final report. Note — same lot as used in two-year rat
PFOS carcinogenicity study (T-6295, Covance 6329-183).

Study Title: Oral (Stomach Tube) Developmental Toxicity Study of PFOS in Rabbits
Report Date: 11 January 1999

Study Monitor Summary: (written by Marvin T. Case) Pregnant rabbit females, 22 per group, were given
daily oral (intubation) of PFOS at dose levels of 0, 0.1, 1.0, 2.5, and 3.75 mg/kg/day on days 7 through 20
of gestation. The rabbit fetuses which had been exposed in utero during organogensis were collected at day
29 of gestation. All of the fetuses were examined for soft tissue (visceral) changes using a dissection
microscope and then all fetuses were examined for skeletal changes.

A dose related body weight effect occurred in the 1.0, 2.5, and 3.75 mg/kg dose groups. The difference in
mean body weights was statistically significant at the 3.75 mg/kg dose. A significant reduction in food
consumption was also present at the 2.5 and 3.75 mg/kg doses. No compound related deaths occurred at
any dose level.

Abortions occurred in one 2.5 mg/kg doe, and in ten 3.75 mg/kg does. The abortions at the high dose were
considered to be compound related. Mean pup weights were decreased in the 2.5 and 3.75 mg/kg groups.
The reduced food consumption and adverse body weight effect that occurred at the two highest dose levels
were indicative of dam toxicity. The increased number of abortions and reduced pup weights were
probably secondary to the dam toxicity.

Increased number of delayed ossification sites were found in the 2.5 and 3.75 mg/kg fetuses which is
another reflection of maternal toxicity at these dose levels.

No compound-related soft tissue or skeletal malformations were found at any dose level. Thus, the
compound was not found to be teratogenic in the rabbit.

The maternal toxic NOEL was 0.1 mg/kg.

The fetal toxic NOEL was 1.0 mg/kg.

Teratogenic NOEL in the rabbit was > 3.75 mg/kg.

NOTE: Dose preparation samples were collected twice during the study and these samples were sent to
3M Evirornmental Analytical laboratory in Bldg 2. Likewise, samples were collected from extra females
assigned as toxicokinetic satellite animals (3/group except low and high dose 5/group). These animals
were killed on gestation day 21 (day after last dose) and the following samples were collected: serum and
liver from pregnant dams, fetuses and placentas (pooled by litter) from uterus. These samples were frozen
and sent to 3M Evirornmental Analytical laboratory in Bldg 2. At time of this summary, March 1999,
analysis of these samples had not been done; therefore, these analytical results were not included in the
final report nor in this summary.
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TITLE: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY
OF PFOS IN RABBITS

ARGUS RESEARCH LABORATORIES, INC.
PROTOCOL NUMBER: 418-012
SPONSOR'S STUDY NUMBER: 6295.10

I. SUMMARY AND CONCLUSION
A. Methods®

One hundred ten New Zealand White [Hra(NZW)SPF] rabbits were assigned to
each of five dosage groups (Groups | through V) for the main portion of the
study. Nineteen additional female rabbits were assigned to one of five dosage
groups for the satellite study (three, five, three, three and five rabbits assigned to
Groups | through V, respectively). The test article, PFOS, or vehicle, 0.5%
Tween® 80 in Reverse Osmosis Membrane Processed Deionized Water (R.O.
Deionized Water), was administered orally (via stomach tube) once daily to
female rabbits on days 7 through 20 of presumed gestation (DGs 7 through 20).
Dosages of 0 (Vehicle), 0.1, 1.0, 2.5 and 3.75 mg/kg/day were administered at a
dosage volume of 5 mL/kg, adjusted daily on the basis of individual body
weights.

The female rabbits were observed for viability at least twice each day of the
study. The rabbits were also examined for clinical observations of effects of the
test article, abortions, premature deliveries and deaths before and approximately
60 minutes after each daily intubation during the dosage period, and once daily
during the postdosage period. Body weights were recorded on DGs 0 and 6
through 29. Feed consumption values were recorded daily throughout the study.

All surviving rabbits were sacrificed by intravenous administration of
Beuthanasia®-D Special euthanasia solution on DG 29 and a gross necropsy of
the thoracic, abdominal and pelvic viscera was performed. The number of
corpora lutea in each ovary was recorded. The uterus of each rabbit was

a. Detailed descriptions of all procedures used in the conduct of this study
are provided in the appropriate sections of this report and in APPENDIX C
(PROTOCOL AND AMENDMENT).
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examined for pregnancy, number and distribution of implantations, live and dead
fetuses and early and late resorptions. The fetuses were weighed, examined for
gross external alterations and sex. Visceral alterations and cavitated organs
were evaluated by dissection. The brains of approximately one half of the
fetuses in each litter were free-hand cross-sectioned and examined in situ. All
fetuses were eviscerated, stained with alizarin red S and evaluated for skeletal
alterations.

Rabbits in the satellite study were sacrificed on DG 21. Blood samples were
collected and centrifuged. The liver was excised, weighed and sectioned.
Fetuses were examined grossly to the extent possible as described for rabbits
assigned to the main study. Fetuses and placentae were pooled per litter. After
completion of sample collection, serum, liver section, fetal and placental samples
were shipped to the Sponsor for analysis.

B. Results

Administration of the 2.5 and 3.75 mg/kg/day dosages of the test article resulted
in ten abortions (one in the 2.5 mg/kg/day dosage group and nine in the

3.75 mg/kg/day dosage group). These abortions occurred after the completion
of the dosing period (on DGs 22, 24, 25 or 28). All other does survived to
scheduled sacrifice.

Increased numbers of does in the 3.75 mg/kg/day dosage group had
observations of scant or no feces. Scant feces also occurred in one and three
rabbits in the 1.0 and 2.5 mg/kg/day dosage groups, respectively. The

1.0 mg/kg/day dosage group rabbit also had soft or liquid feces on one day. One
doe in the 3.75 mg/kg/day dosage group had red substance in the cage pan
associated with impending abortion. No other clinical or necropsy observations
related to the test article occurred.

Dosage-dependent, significant body weight reductions or body weight losses
occurred in the 1.0, 2.5 and 3.75 mg/kg/day dosage groups for the entire dosage
period (calculated as DGs 7 to 21). Dosage-dependent reductions in body
weight gains occurred in the 2.5 and 3.75 mg/kg/day dosage groups for the
entire gestation period (DGs 0 to 29) and for the gestation period after the
initiation of dosing (DGs 7 to 29). Average body weights were significantly
reduced on DGs 17 through 24 in the 3.75 mg/kg/day dosage group. Absolute
(g/day) and relative (g/kg/day) feed consumption values were reduced in the 2.5
and 3.75 mg/kg/day dosage groups for the entire dosage period (DGs 7 to 21),
and the entire period after the initiation of dosage (DGs 7 to 29).

Fetal body weights (total, male and female) were significantly reduced in the 2.5
and 3.75 mg/kg/day dosage groups. Delays in fetal ossification associated with
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the significantly reduced fetal body weights in the 2.5 and 3.75 mg/kg/day
dosage groups were evident as significant reductions in the litter averages for
ossified sternal centers in the 2.5 and 3.75 mg/kg/day dosage groups and
significant reductions in the litter averages for ossified hyoid and metacarpals
and significant reductions in the litter and fetal incidences of incompletely
ossified pubes in the 3.75 mg/kg/day dosage group.

C. Conclusion

Based on these data, the maternal no-observable -effect-level (NOEL) for PFOS
is 0.1 mg/kg/day. The 1.0 mg/kg/day and higher dosages reduced maternal
body weight gain. Dosages of 2.5 and 3.75 mg/kg/day caused abortions and
reduced feed consumption. The developmental NOEL is 1.0 mg/kg/day.
Dosages of 2.5 and 3.75 mg/kg/day caused reductions in fetal body weights and
delays in ossification. Based on these data, PFOS should not be identified as a
selective developmental toxicant; the compound was not found to be teratogenic
in the rabbit.
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n DESCRIPTION OF TEST PROCEDURES

A. Conduct of Study:

A.1. Sponsor:

3M Corporate Toxicology, 3M Center Building 220-2E-02
St. Paul, Minnesota 55144-1000

A.2. Testing Facility:

Argus Research Laboratories, Inc., 905 Sheehy Drive, Building A, Horsham,
Pennsylvania 19044-1297

A.3. Study Number:
418-012

A.4. Sponsor's Study Number:
6295.10

A.5. Purpose of the Study:

The purpose of this study was designed to detect adverse effects of PFOS on
New Zealand White [Hra:(NZW)SPF] presumed pregnant female rabbits and
development of the embryo and fetus consequent to exposure of the doe from
implantation to closure of the hard palate. This study was designed to evaluate
ICH Harmonised Tripartite Guideline stages C and D of the reproductive process
in a nonrodent species.

A.6. Study Design:

The requirements of the International Conference on Harmonisation (ICH)
Harmonised Tripartite Guideline” were used as the basis for study design.

A.7. Regulatory Compliance:

The study was conducted in compliance with the Good Laboratory Practice
(GLP) regulations of the U.S. Food and Drug Administration (FDA)®, the
Japanese Ministry of Health and Welfare (MHW)® and the European Economic
Community (EEC)®. There were no significant deviations from the GLP
regulations that affected the quality or integrity of the study. Quality Assurance
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Unit findings derived from the inspections during the conduct of this study are
documented and have been provided to the Study Director and the Testing
Facility management.

A.8. Ownership of the Study:

The Sponsor owns the study. All raw data, analyses, reports and preserved
tissues are the property of the Sponsor.

A.9. Study Monitor:
Marvin T. Case, D.V.M., Ph.D.

A.10. Alternate Study Monitor:
Andrew M. Seacat, Ph.D.

A.11. Study Director:

Raymond G. York, Ph.D., DABT (Associate Director of Research)
A.12. Technical Performance:
John F. Barnett, B.S. (Director of Laboratory Operations)

Kristen landola Sherer, B.S. (Research Associate/Fetal Evaluation)
Matthew J. Vaneman, B.S. (Laboratory Technician)

A.13. Report Preparation:

Raymond G. York, Ph.D., DABT

Michelle R. Rzaca, B.S. (Study Coordinator)

Susan K. Bradshaw, B.S. (Data Management Specialist)
Karen G. Parker, A.A. (Report Administrator)

A.14. Report Review:

Alan M. Hoberman, Ph.D., DABT (Director of Research)
Mildred S. Christian, Ph.D., Fellow, ATS (Executive Director of Research)

A.15. Date Protocol Signed:

11 August 1998
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A.16. Dates of Technical Performance:

Rabbit Arrival Date 21 AUG 98
Dosage Period [Days 7 through

20 of presumed gestation (DGs 7 through 20)] 23 AUG 98 — 09 SEP 98
Toxicokinetic Sample Collection (DG 21) 06 SEP 98 — 10 SEP 98
Caesarean-Sectioning Period (DG 29) 14 SEP 98 — 18 SEP 98

A.17. Records Maintained:

The original report, raw data and reserve samples of the test article and vehicie
components are retained in the archives of Argus Research Laboratories, Inc.
Any preserved tissues are retained in the archives of the Testing Facility for one
year after the mailing of the draft final report, after which time the Sponsor will
decide their final disposition. All unused test article suspensions were discarded
at the Testing Facility. Unused bulk test article will remain at the Testing Facility
until its disposition is decided by the Sponsor.

B. Test Article Information:
B.1. Description:

PFOS - an off-white powder
B.2. Lot Number:

217 (Expiration date: May 2000)

B.3. Date Received and Storage Conditions:

The test article was received on 20 May 1998, and stored at room temperature.
Prepared formulations were stored refrigerated.

B.4. Special Handling Instructions:

Standard safety precautions (use of protective clothing, gloves, dust-mist
respirator, safety goggles or safety glasses and a face-shield) were taken when
handling the bulk test article and prepared suspensions.

B.5. Analysis of Purity:

Information regarding the purity, identity, strength and composition of the test
article is on file with the Sponsor.
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C. Vehicle Information:

C.1. Description:

0.5% Tween® 80 prepared using 2% Tween® 80, a clear viscous to yellow liquid,
in Reverse Osmosis Membrane Processed Deionized Water (R.O. Deionized
Water).

C.2. Lot Number:

MO3HO05

C.3. Date Received and Storage Conditions:

The 2% Tween® 80 was received on 8 July 1998, and stored at room
temperature. R.O. deionized water is available from a continuous source at the
Testing Facility and is maintained at room temperature.

C.4. Special Handling Instructions:

Standard safety precautions (use of protective clothing, gloves, dust-mist
respirator, safety goggles or safety glasses and a face-shield) were taken when
handling the vehicle.

C.5. Analysis of Purity:

Neither the Sponsor nor the Study Director was aware of any potential
contaminants likely to be present in the vehicle that would interfere with the
results of this study.

D. Test Article Preparation:

Suspensions of PFOS were prepared daily at concentrations of 0, 0.02, 0.2, 0.5
and 0.75 mg/mL. The test article was considered 100% pure for the purpose of
dosage calculations.
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Storage
Sample Type Components Size Date Retained | Conditions Shipped To Date Shipped
Concentration N/A 2mL* 23 AUG 98° Frozen Sponsor 23 AUG 98
(all levels) 09 SEP 98¢ 09 SEP 98
Bulk Test Article N/A 19 25 AUG 98 Room Testing Facility Not available
Reserve temperature Archives
Tween® 80 5mL 25 AUG 98 Room Testing Facility Not available
temperature Archives
Vehicle Reserve
R.O. deionized | 5mL 25 AUG 98 Room Testing Facility Not available
water temperature Archives

a. Duplicate samples were taken from each concentration. One set of samples was sent for analysis; the remaining
samples were retained at the Testing Facility as backups.

b. First day of preparation.

c. Lastday of preparation.

Homogeneity and stability of prepared formulations are on file with the Sponsor.

D.2. Analytical Results:

Concentration samples (2 mL) were taken on the first and last days of
preparation for analyses by 3M Environmental Technology and Safety Services.
The results of these analyses were not available at the time of this report.

E. Test System:

E.1. Species:

Rabbit

E.2. Strain:

New Zealand White [Hra:(NZW)SPF]

E.3. Supplier (Source):

Covance Research Products, Inc., Denver, Pennsylvania
E.4. Sex:

Timed-pregnant female

4
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E.5. Rationale for Test System:

The New Zealand White [Hra:(NZW)SPF] rabbit was selected as the Test
System because: 1) it is one non-rodent mammalian species accepted and
widely used throughout the industry for nonclinical studies of developmental
toxicity (embryo-fetal toxicity/teratogenicity); 2) this strain of rabbit has been
demonstrated to be sensitive to developmental toxins; 3) historical data and
experience exist at the Testing Facility®”; and 4) the test article is biologically
active in the species and strain.

E.6. Test System Data:

Number of Rabbits 133
Approximate Date of Birth 21 MAR 98
Approximate Age at Arrival 5 months
Weight (kg) on DG 0 277 -4.20
Weight (kg) at Arrival 2.84 -4.21

E.7. Method of Randomization:

Upon arrival, rabbits were assigned to individual housing on the basis of
computer-generated random units. Rabbits were assigned to one of five dosage
groups (Groups | through V), 22 rabbits per dosage group, for the main portion of
the study. An additional 19 satellite rabbits were assigned for toxicokinetic
evaluation; five rabbits were assigned to each of the low and high dosage groups
(Groups Il and V) and three rabbits were assigned to each of the remaining
dosage groups (Groups |, lll and 1V). Rabbits were assigned to dosage groups
using a computer-generated (weight-ordered) randomization procedure based on
body weights recorded by and at the Supplier (Covance Research Products,

Inc.) on DG 0.

E.8. System of Identification:

Cage tags were marked with the study number, permanent rabbit number, sex,
test article identification and dosage level. Each rabbit was individually identified
with a Monel® self-piercing ear tag (Gey Band and Tag Co,, Inc.,

No. MSPT 20103) inscribed with the rabbit's designated unique permanent
number.
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F.  Husbandry:

F.1. Research Facility Registration:

USDA Registration No. 23-R-099 under the Animal Welfare Act, 7 U.S.C. 2131
et seq. _

F.2. Study Rooms:

The study rooms were maintained under conditions of positive airflow relative to
a hallway and independently supplied with a minimum of ten changes per hour of
100% fresh air that had been passed through 99.97% HEPA filters (Airo Clean®
rooms). Room temperature and humidity were monitored constantly throughout
the study. Room temperature was targeted at 61°F to 72°F (16°C to 22°C),
relative humidity was targeted at 30% to 70%.

F.3. Housing:

Rabbits were individually housed. All cage sizes and housing conditions are in
compliance with the Guide for the Care and Use of Laboratory Animals®.

F.4. Lighting:

An automatically-controlled fluorescent light cycle was maintained at 12-hours
light:12-hours dark, with each dark period beginning at 1900 hours EST.

F.5. Sanitization:

Cage pan liners were changed approximately three times each week. Cages
were changed approximately every other week.

F.6. Feed:

Approximately 150 g of Certified Rabbit Chow® #5322 (PMI Nutrition
International, St. Louis, Missouri) was available to each rabbit each day until the
first day of dosage, at which time approximately 180 g of the same certified feed
was offered to each rabbit each day. The certified feed was available from
individual stainless steel "J-type" feeders attached to each cage.

i



418-012:PAGE 1I-8

F.7. Feed Analysis:

Analyses were routinely performed by the feed supplier. No contaminants at
levels exceeding the maximum concentration for certified feed or deviations from
expected nutritional requirements were detected by these analyses. Copies of
the results of the feed analyses are available in the raw data.

Neither the Sponsor nor the Study Director was aware of any agent present in
the feed that was known to interfere with the results of this study.

F.8. Water:

Local water that had been processed by passage through a reverse osmosis
membrane (R.O. water) was available to the rabbits ad /ibitum from individual
water bottles and/or from an automatic watering system (individual sipper tubes).
Chlorine was added to the processed water as a bacteriostat.

F.9. Water Analysis:

The processed water is analyzed twice annually for possible chemical
contamination (Lancaster Laboratories, Lancaster, Pennsylvania) and monthly
for possible bacterial contamination (Analytical Laboratories, Inc., Chalfont,
Pennsylivania). Copies of the results of the water analyses are available in the
raw data.

Neither the Sponsor nor the Study Director was aware of any agent present in
the water that was known to interfere with the results of this study.
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G. Methods:

G.1. Dosage Administration:

Dosage Number of Dosage Concentration Dosage Volume Assigned Rabbit Numbers
Group Rabbits (mgl/kg/day) {mg/mL) (mLs/kg) Main Sateliite®

! 22+3* 0 (Vehicle) 0 5 8443-8464 | 8553-8555

1 22+5* 0.1 0.02 5 8465-8486 | B8556-8560

] 22+3° 1.0 0.2 5 8487-8508 | 8561-8563

[\ 22+3° 2.5 0.5 5 8509-8530 | 8564-8566

v 22+5*° 3.75 0.75 5 8531-8552 | 8567-8571

The test article was considered 100% pure for the purpose of dosage caiculations.
a. Rabbits assigned to the toxicokinetic evaluation.

G.2. Rationale for Dosage Selection:

Dosages were selected on the basis of a dosage-range study (Argus Research
Laboratories, Inc., Protocol 418-012P).

G.3. Route of Administration:

Oral {(stomach tube)

G.4. Rationale for Route of Administration:

The oral (stomach tube) route was selected for use because: 1) in comparison
with the dietary route, the exact dosage can be accurately administered; and 2) it
is one of the possible routes of human exposure.

G.5. Frequency of Administration:

Appropriate dosages of the test article were administered orally (via stomach
tube) once daily to naturally-bred rabbits on DGs 7 through 20. Dosages of

0 (Vehicle), 0.1, 1.0, 2.5 and 3.75 mg/kg/day of the test article were administered
at a dosage volume of 5 mL/kg, adjusted daily on the basis of the individual body
weights recorded before intubation. The rabbits were intubated at approximately
the same time each day.

G.6. Length of Study:

Approximately 4 weeks
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G.7. Method of Study Performance:

The female rabbits were naturally bred by breeder male rabbits of the same
source and strain before shipment to the Testing Facility. The rabbits were
mated on five consecutive days and shipped to the Testing Facility on the day
after the last day of mating. The day of mating was considered to be DG 0. A
computer-generated (weight-ordered) randomization procedure was used to
assign the rabbits to five dosage groups based on body weights recorded on
DG 0 and supplied by Covance Research Products, Inc.

All rabbits were observed for viability at least twice each day of the study and for
general appearance several times during acclimation and on DG 0. Additional
examinations for clinical observations of effects of the test article, abortions,
premature deliveries and deaths were made at least once during the predosage
period, once before each daily intubation and approximately 60 minutes after
intubation during the dosage period. These observations were also made once
daily during the postdosage period (DGs 21 through 29). -

Body weights were recorded on DGs 0 and 6 through 29. Feed consumption
values were recorded daily throughout the study.

G.8. Gross Necropsy:

G.8.a. Satellite Rabbits Assigned to Toxicokinetic Sample Collection:

On day 21 of presumed gestation (the day following the last dosage),
toxicokinetic samples were collected from the rabbits assigned to the
toxicokinetic evaluation. Following anesthesia of pentobarbital, blood samples
(approximately 4 mL per rabbit) were collected from the inferior vena cava into
serum separator tubes and centrifuged. The resulting serum (approximately

2 mL) was immediately frozen on dry ice and maintained frozen (-70°C) until
shipment to the Sponsor for analysis. The liver was excised, weighed, and a
sample was taken from the right lateral lobe, frozen and retained at -70°C until
shipment to the Sponsor for analysis.

Rabbits were Caesarean-sectioned and fetuses were examined grossly to the
furthest extent. Fetuses and placentae were pooled per litter and retained frozen
(-70°C) until shipment to the Sponsor for analysis.

After completion of sample collection, serum, liver sections, fetal and placental
samples were shipped (frozen on dry ice) to 3M Environmental Technology and
Safety Services, St. Paul, Minnesota.
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G.8.b. Scheduled Sacrifice:

All surviving rabbits were sacrificed by intravenous administration of
Beuthanasia®-D Special euthanasia solution on DG 29. The thoracic, abdominal
and pelvic viscera of each rabbit were examined for gross lesions. Gross lesions
were preserved in neutral buffered 10% formalin for possible future evaluation
(with the exception of parovarian cysts, which are common, spontaneous lesions
in rabbits); all other tissues were discarded. :

The number of corpora lutea in each ovary was recorded. The uterus was
excised and examined for pregnancy, number and distribution of implantations,
early and late resorptions and live and dead fetuses. Uteri from does that
appeared nonpregnant were stained with 10% ammonium sulfide to confirm the
absence of implantation sites®. An early resorption was defined as one in which
organogenesis was not grossly evident. A late resorption was defined as one in
which the occurrence of organogenesis was grossly evident. A live fetus was
defined as a term fetus that responded to mechanical stimuli. Nonresponding
term fetuses are considered to be dead (there were no dead fetuses). Dead
fetuses and late resorptions are differentiated by the degree of autolysis present;
marked to extreme autolysis indicated that the fetus was a late resorption.

Each Caesarean-delivered fetus was weighed, examined for gross external
alterations and individually identified with a tag noting study number, litter
number, and uterine distribution. Live fetuses were sacrificed by an
intraperitoneal injection of Beuthanasia®-D Special. All fetuses were examined
internally to identify sex and visceral alterations; cavitated organs, including the
brain, were evaluated by dissection'?; and the brain was free-hand cross-
sectioned (a single cross-section was made between the parietal and the frontal
bones) and examined in situ. Fetal gross lesions were preserved in neutral
buffered 10% formalin for possible future evaluation.

All fetuses were eviscerated, stained with alizarin red S"" and evaluated for
skeletal alterations. All skeletal preparations were stored in 80% glycerin with
thymol crystals added to retard fungal growth. Late resorptions were examined
to the extent possible. Representative photographs of fetal alterations are
available in the raw data.

Rabbits that aborted were examined on the day the observation was made.
Pregnancy status and uterine contents were recorded. Aborted fetuses were
examined to the extent possible, using the same methods described for fetuses.
Uteri of apparently nonpregnant does were stained with 10% ammonium sulfide
to confirm the absence of implantation sites®.
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G.9. Statistical Analyses:

The following schematic represents the statistical analyses of the data:

Type of Test?
|. Parametric® Il. Nonparametric®
A. Bartlett's Test® A. Kruskal-Wallis Test
(<75% ties)
I
Significant Not Significant - Significant Not Significant
at p<0.05 at p<0.05
Nonparametric Analysis of Variance ,
Dunn's Test

Significant Not Significant B. Fisher's Exact Test

at p<0.05 (>75% ties)

Dunnett's

Test

Ill. Test for Proportion Data

Variance Test for Homogeneity
of the Binomial Distribution

. Statistically significant probabilities are reported as either at p<0.05 or p<0.01.
b. Used only to analyze data with homogeneity of variance.

c. Proportion data are not included in this category.

d. Test for homogeneity of variance.

)
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Clinical observation and other proportion data were analyzed using the Variance
Test for Homogeneity of the Binomial Distribution‘2.

Continuous data (e.g., maternal body weights, body weight changes, feed
consumption values and litter averages for percent male fetuses, percent
resorbed conceptuses, fetal body weights, fetal anomaly data and fetal
ossification site data) were analyzed using Bartlett's Test of Homogeneity of
Variances"® and the Analysis of Variance!', when appropriate [i.e., Bartlett's
Test was not significant (p>0.05)]. If the Analysis of Variance was significant
(p<0.05), Dunnett's Test'” was used to identify the statistical significance of the
individual groups. If the Analysis of Variance was not appropriate [i.e., Bartlett's
Test was significant (p<0.05)], the Kruskal-Wallis Test® was used, when less
than or equal to 75% ties were present; when more than 75% ties were present,
Fisher's Exact Test"” was used. In cases in which the Kruskal-Wallis Test was
statistically significant (p<0.05), Dunn's Method of Multiple Comparisons'® was
used to identify the statistical significance of the individual groups.

Count data obtained at Caesarean-sectioning were evaluated using the
procedures previously described for the Kruskal-Wallis Test"®.

Group | rabbit 8481 had a litter consisting of ten dead fetuses. Because such
occurrences can abnormally skew the distribution of the data, statistical analyses
were made with and without the values for this rabbit and litter. Data for this litter
were excluded from summarization and statistical analyses; values are
presented on the individual tables.
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. RESULTS

A. Mortality, Abortions, Clinical and Necropsy Observations (Summary -
Table 1; Individual Data - Tables 3, 14 and 15)

A.1 Abortions

A total of ten rabbits aborted; one in the 2.5 mg/kg/day dosage group and nine**
in the 3.75 mg/kg/day dosage group. These abortions occurred after the
completion of the dosing period [on days 22, 24, 25 or 28 of gestation (DGs 22,
24, 25 or 28)] and were considered related to the test article because they
occurred at dosage-dependent incidences in the two highest dosage groups. All
other rabbits survived to scheduled sacrifice.

2.5 mg/kg/day

Doe 8517 aborted eight late resorptions on DG 25 and was sacrificed. There
were no adverse clinical observations before aborting. This doe lost body weight
and feed consumption was severely reduced after DG 13. Necropsy revealed
eight implantation sites and all tissues appeared normal. Autolysis precluded
further evaluation of the eight late resorptions.

3.75 mgl/kg/day

Doe 8534 aborted one dead fetus on DG 22 and was sacrificed. There were no
adverse clinical observations before aborting. This doe generally lost weight and
had severely reduced feed consumption values throughout the study. Necropsy
revealed seven live fetuses in the uterus and all tissues appeared normal. All
fetuses appeared normal for their developmental ages at gross external and soft
tissue examination. Fetuses 1, 2, 3, 4, 5, 6, 7 and 8 had not ossified pubes at
skeletal examination.

Doe 8537 aborted five late resorptions on DG 25 and was sacrificed. The only
adverse clinical observation before abortion was absent feces (DG 24). This doe
generally lost weight and had severely reduced feed consumption values
throughout the study. Necropsy revealed five implantation sites and all tissues
appeared normal. Autolysis precluded further evaluation of the five late
resorptions.

Doe 8538 aborted eight late resorptions on DG 24 and was sacrificed. There
were no adverse clinical observations before aborting. This doe generally lost
weight and had severely reduced feed consumption values throughout the study.
Necropsy revealed nine implantation sites and all tissues appeared normal. One
conceptus was presumed cannibalized and autolysis precluded further evaluatlon
of the eight late resorptions.

> Significantly different from the vehicle control group value (p<0.01).
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Doe 8539 aborted seven live fetuses on DG 24 and was sacrificed. The only
adverse clinical observation before abortion was scant feces (DGs 22 and 23).
This doe generally lost weight and had severely reduced feed consumption
values throughout the study. Necropsy revealed seven implantation sites and all
tissues appeared normal. All fetuses appeared normal for their developmental
ages at gross external and soft tissue examination. Fetuses 1,2,3,4,5,6and7
had not ossified pubes and fetuses 2 and 3 had not ossified sternal centra at
skeletal examination.

Doe 8540 aborted four dead fetuses on DG 25 and was sacrificed. There were
no adverse clinical observations before aborting. This doe lost weight and feed
consumption values were severely reduced after DG 15. Necropsy revealed
three live fetuses, one dead fetuses and six late resorptions in the uterus. All
tissues appeared normal at necropsy. All fetuses appeared normal for their
developmental ages at gross external and soft tissue examination. Autolysis
precluded further evaluation of the six late resorptions. Fetuses 1,2,3,5,7,8,9,
and 10 had not ossified pubes and fetus 2 had incompletely ossified nasal bones
and short maxillae at skeletal examination.

Doe 8542 aborted six dead fetuses on DG 28 and was sacrificed. The only
adverse clinical observation before abortion was scant feces (DGs 21 to 23

and 27). This doe lost weight and had severely reduced feed consumption after
DG 18. Necropsy revealed eight implantation sites and all tissues appeared
normal. Two conceptuses were presumed cannibalized and all six aborted
fetuses were partially cannibalized. All fetuses appeared normal at soft tissue
examination.

Doe 8544 aborted nine dead fetuses on DG 25 and was sacrificed. The only
adverse clinical observation before abortion was scant feces (DGs 19 to 20

and 22 to 24). After DG 12, this doe lost weight and had severely reduced feed
consumption until sacrifice. Necropsy revealed nine implantation sites and all
tissues appeared normal. All fetuses appeared normal at gross external and soft
tissue examination. Fetuses 1, 2, 3, 4, 5, 6, 7, 8 and 9 had not ossified pubes
and fetus 3 had not ossified sternal centra at skeletal examination.

Doe 8547 aborted eight late resorptions on DG 22 and was sacrificed. The only
adverse clinical observations before abortion were scant feces (DG 18) and a red
substance in the cage pan (DG 21). Body weights and feed consumption values
were reduced DGs 11 to 21. Necropsy revealed eight implantation sites and all
tissues appeared normal. Autolysis precluded evaluation of the eight late
resorptions.

Doe 8548 aborted one dead fetus on DG 25 and was sacrificed. The only
adverse clinical observation before abortion was scant feces (DGs 21 and 23

to 24). This doe lost weight after DG 15 and feed consumption was severely
reduced after DG 17. Necropsy revealed seven live fetuses, one dead fetus and
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two late resorptions in the uterus. All tissues appeared normal at necropsy. All
fetuses appeared normal for their developmental ages at gross external and soft
tissue examination. The late resorptions appeared normal at gross external
examination; autolysis precluded further evaluation. Fetuses 1, 2, 3, 4, 5, 6, 7 8
and 11 had not ossified pubes at skeletal examination.

A.2. Clinical Observations

Increased numbers of does in the 3.75 mg/kg/day dosage group had
observations of scant or no feces; the incidence of scant feces was significant
(p<0.01). Scant feces also occurred in one and three rabbits in the 1.0 and
2.5 mg/kg/day dosage groups respectively. The 1.0 mg/kg/day dosage group
rabbit also had soft or liquid feces on one day. One doe in the 3.75 mg/kg/day
dosage group had red substance in the cage pan associated with impending
abortion.

All other adverse clinical observations, and any statistically significant (p<0.01)
increases in the incidences of these observations, were considered unrelated to
the test article because the incidences were not dosage-dependent. These
observations included localized alopecia on the limbs, back and/or underside and
ungroomed coat.

A.3. Necropsy Observations

With the exception of persistent adverse clinical observations, no additional gross
lesions were identified at necropsy.

B. Maternal Body Weights and Body Weight Changes (Figure 1;
Summaries - Tables 3 and 4; Individual Data - Table 16)

Maternal body weight gains were reduced or body weight losses occurred in the
1.0, 2.5 and 3.75 mg/kg/day dosage groups at most tabulated intervals during the
dosage period; these reductions or body weight losses were statistically
significant (p<0.05 or p<0.01) in the 3.75 mg/kg/day dosage group on DGs 10

to 13, 13 to 16 and 16 to 19.

During the first three days of the postdosage period (DGs 21 to 24), body weight
gains continued to be reduced in the 1.0 and 2.5 mg/kg/day dosage groups;
significant (p<0.05) body weight loss occurred in the 3.75 mg/kg/day dosage
group during this period. As a result of these reductions, dosage-dependent,
significant body weight reductions or body weight losses (p<0.05 or p<0.01)
occurred in the 1.0, 2.5 and 3.75 mg/kg/day dosage groups for the entire dosage
period (calculated as DGs 7 to 21).

Dosage-dependent reductions in body weight gains occurred in the 2.5 and
3.75 mg/kg/day dosage groups for the entire gestation period (DGs 0 to 29) and
for the gestation period after the initiation of dosing (DGs 7 to 29; significant at
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p<0.01 in the 2.5 mg/kg/day dosage group). Average body weights were
significantly reduced (p<0.05 or p<0.01) on DGs 17 through 24 in the
3.75 mg/kg/day dosage group, as compared with the vehicle control group
values.

Body weights and body weight gains were unaffected by the 0.1 mg/kg/day
dosage of PFOS. The significant reduction (p<0.05) in body weight gain in the
0.1 mg/kg/day dosage group on DGs 10 to 13 was not considered treatment-
related because it was transient and not dosage-dependent.

C. Maternal Absolute (g/day) and Relative (g/kg/day) Feed Consumption

Values (Summaries - Tables 5§ and 6: Individual Data - Table 17)

Absolute (g/day) and relative (g/kg/day) feed consumption values were reduced
during the dosage period (after DG 10) in the 2.5 and 3.75 mg/kg/day dosage
groups; these reductions were statistically significant (p<0.05 or p<0.01) in one or
both of these groups on DGs 13 to 16 (relative only), 16 to 19 and 19 to 21.
Absolute and relative feed consumption values continued to be reduced in these
two groups during the postdosage period; the reductions were generally
statistically significant (p<0.05 or p<0.01) on DGs 21 to 24.

Reflecting these effects of the test article, absolute and relative feed consumption
values were reduced or significantly reduced (p<0.05 or p<0.01) in the 2.5 and
3.75 mg/kg/day dosage groups for the entire dosage period (DGs 7 to 21), and
the entire period after the initiation of dosage (DGs 7 to 29).

Absolute and relative feed consumption values were unaffected by the
1.0 mg/kg/day dosage of PFOS.

D. Caesarean-Sectioning and Litter Observations (Summaries - Tables 7

and 8; Individual Data - Tables 18 through 20)

Pregnancy occurred in 20 (90.9%), 19 (86.4%), 19 (86.4%), 17 (77.3%) and

21 (95.4%) rabbits in each dosage group. Caesarean-sectioning observations on
DG 29 were based on 20, 18, 19, 16 and 12 pregnant rabbits in each of the five
respective dosage groups. One and nine does aborted in the 2.5 and

3.75 mg/kg/day dosage groups, respectively. Values for one 0.1 mg/kg/day
dosage group doe (8481) that had a litter consisting of ten dead fetuses were
excluded from data tabulation and statistical analyses; this total litter death was
considered to be a non test article related, spontaneous event.

Fetal body weights (total, male and female) were significantly reduced

(p<0.05 and p<0.01, respectively) in the 2.5 and 3.75 mg/kg/day dosage groups,
as compared to the vehicle control group values. There were no other

- biologically important or statistically significant differences in the litter averages
for corpora lutea, implantations, live fetuses and early or late resorptions. There
were no does with all conceptuses resorbed and all placentae appeared normal.
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E. Fetal Alterations (Summaries - Tables 9 through 13; Individual Data -
Table 21)

Fetal alterations were defined as: 1) malformations (irreversible changes that
occur at low incidences in this species and strain); and 2) variations (common
findings in this species/strain, and reversible delays or accelerations in
development). Litter averages were calculated for specific fetal ossification sites
as part of the evaluation of the degree of fetal ossification.

Fetal evaluations were based on 175, 162, 152, 130 and 108 DG 29 Caesarean
delivered live fetuses in 20, 18, 19, 16 and 12 litters in the 0 (Vehicle), 0.1, 1.0,
2.5 and 3.75 mg/kg/day dosage groups, respectively. All fetuses were examined
for gross external, soft tissue and skeletal alterations and fetal ossification site
averages. It was also possible to examine the ten dead fetuses from litter 8481
in the 2.5 mg/kg/day dosage group for gross external, soft tissue and skeletal
alterations. The embryonic sacs of all of these fetuses contained a dark red
substance. One fetus had downward flexion of the forelimbs, an observation
associated with in utero compression (skeletal ossification not affected); another
fetus had angulated hyoid alae, and two fetuses had only ten or six caudal
vertebrae. The remaining six fetuses appeared normal.

E.1. Summary of Fetal Alterations (Summary - Table 10; Iindividual Data -
Table 22

Combination of malformations and variations resulted in the following incidences
for fetal alterations. In the 0 (Vehicle), 0.1, 1.0, 2.5 and 3.75 mg/kg/day dosage
groups, respectively, 14 (70.0%), 11 (61.1%), 9 (47.3%), 4 (25.0%) and

8 (66.7%) litters had fetuses with one or more alterations observed. In these
same respective dosage groups, the total numbers of fetuses with any identified
alterations were 25 (14.3%), 25 (15.4%), 14 (9.2%), 5 (3.8%)** and 19 (17.6%).
One or more alterations occurred in averages of 14.1%, 17.0%, 9.5%, 3.6% and
17 .4% of the fetuses per litter in the five respective dosage groups. The
significant reduction (p<0.05) in the total number of fetuses with identified
alterations in the 2.5 mg/kg/day dosage group was not considered treatment-
related because the expected response to a toxicant would be an increase,
rather than a decrease, in the number of alterations.

Delays in fetal ossification associated with the significantly reduced (p<0.05

or p<0.01) fetal body weights in the 2.5 and 3.75 mg/kg/day dosage groups were
evident as significant reductions (p<0.05 or p<0.01) in the litter averages for
ossified sternal centers in the 2.5 and 3.75 mg/kg/day dosage groups and
significant reductions (p<0.05 or p<0.01) in the litter averages for ossified hyoid
and metacarpals and significant reductions (p<0.01) in the litter and fetal
incidences of incompletely ossified pubes in the 3.75 mg/kg/day dosage group.

** Significantly different from the vehicle control group value (p<0.01).
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All other fetal gross external, soft tissue and skeletal alterations (malformations
and variations) were considered unrelated to the test article because: 1) the
incidences were not dosage-dependent; and/or 2) the incidences were within

" ranges observed historically at the Testing Facility®.

E.2. Fetal Gross External Alterations (Summary - Table 10; Individual
Data - Table 21)

E.2.a. Maiformations

The first digit was absent on both forelimbs for vehicle control group fetus
8448-1. Skeletal examination of this fetus revealed absent 1st medial and distal
phalanges and 1st metacarpal on both forelimbs. No additional alterations
occurred in this fetus.

E.2.b. Variations

One fetus (8473-6) in a 0.1 mg/kg/day dosage group litter and another fetus
(8543-3) in a 3.75 mg/kg/day dosage group litter had downward flexed forepaws,
an observation associated with in utero compression. Skeletal examination of
fetus 8543-3 revealed a variation in skull ossification (hole in the parietal bone).
Fetus 8473-6 had no additional alterations.

E.3. Fetal Soft Tissue Alterations (Summary - Table 11; Individual Data -
Table 21)

E.3.a. Malformations

No soft tissue malformations were observed.

E.3.b. Variations

E.3.b.1. Eyes

One control dosage group fetus (8449-6) had a circumcorneal hemorrhage of the
left eye, a variation generally attributable to trauma during processing. Skeletal

evaluation of this fetus revealed variations in ossification of the skull and hyoid
(irregqular nasal-frontal suture and angulated alae).

a. See APPENDIX E (HISTORICAL CONTROL DATA).
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E.3.b.2. Lungs

The intermediate lobe of the lungs was absent in 2, 7**, 1, 0 and 1 fetuses from
2,4, 1,0and 1 litters in the 0 (Vehicle), 0.1, 1.0, 2.5 ad 3.75 mg/kg/day dosage
groups, respectively. Two of the 0.1 mg/kg/day dosage group fetuses (8476-8,
8483-4) also had fused 3rd and 4th sternal centra.

The significant increase (p<0.01) in the fetal incidence of this observation in the
0.1 mg/kg/day dosage group was not considered related to the test article
because: 1) this variation in lung development is frequent in this rabbit strain'®,
2) the fetal and litter incidences are within the historical ranges of the Testing
Facility, 3) it was not dosage-dependent; and 4) it was not significantly increased
for the unit of measurement, the litter.

E.4. Fetal Skeletal Alterations (Summaries - Tables 12 and 13: Individual

Data - Table 21

E.4.a. Malformations
E.4.a.1. Thoracic Vertebrae/Ribs

Interrelated vertebral/rib malformations or malformations of only the ribs occurred
in one, three and one fetuses in the 0 (Vehicle), 0.1 and 1.0 mg/kg/day dosage
groups, respectively. These types of vertebral/rib malformations are relatively
common at maternally toxic dosages in rabbits and generally considered to be
secondary to maternal stress®?.

Fetus 8452-1 in the vehicle control group had a left hemivertebra present as the
3rd thoracic vertebra and a split 2nd left rib. This fetus also had asymmetric 1st
to 3rd sternal centra and an angulated hyoid ala. Fetus 8476-1 in the

0.1 mg/kg/day dosage group had fused centra of the 11th and 12th thoracic
vertebrae and a bifid centrum of the 12th thoracic vertebra, and its littermate,
fetus 8476-7, had fused 5th and 6th ribs as the only alteration. Fetus 8485-2 in
the 0.1 mg/kg/day dosage group had a small left arch of the 11th thoracic
vertebra, fused left centra of the 11th and 12th thoracic vertebrae and proximate
bases of the 10th and 11th left ribs. Fetus 8500-3 in the 1.0 mg/kg/day dosage
group had split 8th right and 7th left ribs as the only alteration.

E.4.a.2. Lumbar Vertebrae

Fetus 8500-8 had a left hemivertebra present as the 1st lumbar vertebra and a
bifid centrum of the 2nd lumbar vertebra.

o+ Significantly different from the vehicle control group value (p<0.01).
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E.4.a.3. Metacarpals/Phalanges

The 1st medial and distal phalanges and 1st metacarpal on both forelimbs were
absent for vehicle control group fetus 8448-1 that had missing first digits at -
external examination.

E.4.b. Variations

E.4.b.1. Skull

Common small irregularities in ossification of the skull''® [the presence of small
ossification sites within the sutures or calvaria (nasal, frontal or parietal bones)
and/or irregular shaping or fusion of the bones] occurred in 7, 9, 3, 1* and 10™*
fetuses in 6, 7, 3, 1 and 3 litters in the 0 (Vehicle), 0.1, 1.0, 2.5 and

3.75 mg/kg/day dosage groups, respectively. lrregular ossification of the nasal
bones (irregular nasal-frontal suture, fused, internasal, midline suture displaced
and intranasal) were the most common of these small irregularities in skull
ossification, occurring in 6, 9, 3, 1 and 1 fetuses in 5, 7, 3, 1 and 1 litters in the
five respective dosage groups.

The significant reduction (p<0.05) in the fetal incidence of variations in skull
ossification in the 2.5 mg/kg/day dosage group was considered unrelated to the
test article because the expected effect of a toxicant would be an increase in
delayed skull ossification, rather than a decrease. The significant increase
(p<0.01) in the fetal incidence of variations in skull ossification in the

3.75 mg/kg/day dosage group was considered to reflect the significantly
increased (p<0.01) fetal incidence of hole(s) in the parietal and unrelated to the
test article, as discussed below. The fetal incidence of nasal midline suture
displaced was significantly increased (p<0.01) in the 0.1 mg/kg/day dosage
group but was considered unrelated to the test article because: 1) it was not
dosage-dependent; and 2) the litter incidence was not significantly increased.

The fetal incidence of a hole in the parietal was significantly increased (p<0.01) in
the 3.75 mg/kg/day dosage group. This increase was considered unrelated to
the test article because the observation occurred in seven fetuses from only one
high dosage group litter (8543-1, -3, -4, -5, -6, -8 and -10), so the litter incidence,
the more relevant parameter'”, was not significant. Two of the fetuses in this
litter also had not ossified pubes; all other fetuses had no additional alterations

One 0.1 mg/kg/day dosage group fetus (8471-1) had unossified premaxillae as
the only alteration.

* Significantly different from the vehicle control group value (p<0.05).
* Significantly different from the vehicle control group value (p<0.01).
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E.4.b.2. Hyoid

One or both alae of the hyoid were angulated in 10, 4, 7, 3 and 5 fetuses in 6, 3,
3, 2 and 3 litters in the 0 (Vehicle), 0.1, 1.0, 2.5 and 3.75 mg/kg/day dosage
groups, respectively. One fetus (8452-1) in the vehicle control group also had
vertebral/rib malformations and asymmetric 1st to 3rd sternal centra, as
previously described.

E.4.b.3. Vertebrae
E.4.b.3.a. Cervical

One 0.1 mg/kg/day dosage group fetus had unilateral ossification of the centrum
of the 2nd cervical vertebrae as the only alteration.

E.4.b.3.b. Thoracic

One vehicle control group fetus had unilateral ossification of the centrum of the
5th thoracic vertebrae as the only alteration.

E.4.b.3.c. Lumbar

Bifid centrum of a lumbar vertebra occurred in one fetus in the 1.0 and

3.75 mg/kg/day dosage groups, respectively. Fetus 8500-8 in the 1.0 mg/kg/day
dosage group also had a hemivertebra present as a lumbar vertebra, as
previously described. The fetus in the 3.75 mg/kg/day dosage group had no
additional alterations.

E.4.b.3.d. Caudal

A misaligned 17th caudal vertebra occurred in one vehicle control group fetus as
the only alteration.

E.4.b.4. Ribs

Cervical ribs were present at the 7th cervical vertebra for one fetus in each of the
0 (Vehicle) and 2.5 mg/kg/day dosage groups. No additional alterations occurred
in these fetuses.

Thickened areas in two or three ribs occurred in one vehicle control group fetus
(8456-4) and one 1.0 mg/kg/day dosage group fetus (8493-7). No other
alterations occurred in these fetuses.
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E.4.b.5. Sternum

Fused 3rd and 4th sternal centra occurred as the only skeletal alteration in 2 and
3 fetuses from different litters in the 0 (Vehicle) and 0.1 mg/kg/day dosage
groups, respectively.

Fetus 8452-1 in the vehicle control group had asymmetric 1st to 3rd sternal
centra. This fetus also had vertebral/rib malformations and an angulated hyoid
ala, as previously described.

E.4.b.6. Pelvis

Four** fetuses from two** 3.75 mg/kg/day dosage group litters had incompletely
ossified pubes. Two of these fetuses also had a variation in skull ossification
(hole in parietal), as described previously. The significant increase (p<0.01) in
the fetal and litter incidences of this observation was considered a test article
related delay in ossification and to reflect the significantly reduced (p<0.01) fetal
body weights in this dosage group.

E.4.b.7. Fetal Ossification Site Averages

The average numbers of ossification sites per fetus were significantly reduced
(p<0.05 or p<0.01) in the 3.75 mg/kg/day dosage group for hyoid, sternal centers
and metacarpals. The average numbers of ossified sternal centers were also
significantly reduced (p<0.01) in the 2.5 mg/kg/day dosage group, as compared
with the vehicle control group value. The values were below the ranges
observed historically at the Testing Facility. These delays in ossification were
considered effects of the test article associated with the significantly reduced
(p<0.05 or p<0.01) fetal body weights in these dosage groups.

The average numbers of ossification sites in the vertebrae (cervical, thoracic,
lumbar, sacral and caudal), ribs, sternum (manubrium and xiphoid), forelimbs
(carpals and phalanges) and hindlimbs (tarsals, metatarsais and phalanges)
occurred at similar incidences in litters in all dosage groups and did not
significantly differ.

F. Satellite Rabbits (Individual Data — Tables 14 through 20)

All rabbits in the satellite dosage groups survived to scheduled sacrifice. There
were no adverse clinical observations in these does. Patterns of body weight
gain and feed consumption were comparable to the rabbits in the main study at
the same dosage levels. Only one rabbit in the 3.75 mg/kg/day dosage group
was not pregnant at Caesarean-sectioning on DG 21. Caesarean-sectioning and
litter parameters were comparable among the five dosage groups. There was
not a reduction in fetal body weights at the 2.5 and 3.75 mg/kg/day dosages as

* Significantly different from the vehicle control group value (p<0.01).

: SRR TR
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was observed for the main study rabbits. All does appeared normal at necropsy.
Average liver weights for pregnant does were 140.5 + 29.2, 127.1 + 15.2,

123.9 + 33.2, 115.7 + 5.7 and 90.7 £ 22.2 in the 0 (Vehicle), 0.1, 1.0, 2.5 and
3.75 mg/kg/day dosage groups, respectively. The data for rabbits assigned to
the satellite portion of the study are provided in individual tables only.
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 1 (PAGE 1): CLINICAL AND NECROPSY OBSERVATIONS - SUMMARY

DOSAGE GROUP I 11 111 v v
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5 ’ 3.75
MAXIMUM POSSIBLE INCIDENCE 506/ 22 506/ 22 506/ 22 502/ 22 . 465/ 22
ABORTED 0 0 0 1b 9gx*c-k
SCANT FECES o/ o© o/ o0 2/ 1 s/ 3 24/ 7**f,h-k
NO FECES o/ o o/ o o/ o o/ o 2/ 2d
RED SUBSTANCE IN CAGE PAN o/ o o/ o o/ o o/ o 1/ 13
LOCALIZED ALOPECIA: TOTAL 0o/ o0 11/ 3%+ 14/ 5%+ 4/ 2 o/ o
LIMBS o/ o 8/ 2 7/ 2 3/ 2 o/ ©
BACK o/ o 3/ 1 6/ 2 1/ 1 0o/ 0
UNDERSIDE o/ o o/ o 1/ 1 o/ o o/ ©
UNGROOMED COAT o/ o 4/ 2 3/ 1 s/ 1 o/ o©
SOFT OR LIQUID FECES o/ o© o/ o 1/ 1 o/ o o/ ©

WITH THE EXCEPTION OF PERSISTENT ADVERSE CLINICAL OBSERVATIONS, NO ADDITIONAL GROSS LESIONS WERE IDENTIFIED AT NECROPSY
STATISTICAL ANALYSES OF CLINICAL OBSERVATION DATA WERE RESTRICTED TO THE NUMBER OF RABBITS WITH OBSERVATIONS.
MAXIMUM POSSIBLE INCIDENCE = (DAYS x RABBITS)/NUMBER OF RABBITS EXAMINED PER GROUP ON DAYS 7 THROUGH 29 OF PRESUMED GESTATION.
N/N = TOTAL NUMBER OF OBSERVATIONS/NUMBER OF RABBITS WITH OBSERVATION.
Dosage occurred on days 7 through 20 of presumed gestation.
Doe 8517 aborted on day 25 of gestation.
Doe 8534 aborted on day 22 of gestation.
Doe 8537 aborted on day 25 of gestation.
Doe 8538 aborted on day 24 of gestation.
Doe 8539 aborted on day 24 of gestation.
Doe 8540 aborted on day 25 of gestation.
Doe 8542 aborted on day 28 of gestation.
Doe 8544 aborted on day 25 of gestation.
Doe 8547 aborted on day 22 of gestation.
Doe 8548 aborted on day 25 of gestation.
* Significantly different from the vehicle control group value (p<0.01).

*R L ETAMO QAN DD

A 0184

.

-8 3OVd



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 2 (PAGE 1): UTERINE CONTENTS AND LITTER DATA FOR INDIVIDUAL RABBITS THAT ABORTED

DOSAGE GROUP RABBIT CORPORA LUTEA IMPLANTATIONS FETUSES b RESORPTIONS c
DOSAGE (MG/KG/DAY)a NUMBER DAY OF DEATH R L T R L T R L A T R L A T
I

2.5 - 8517 ABORTED ON DAY 25 6 3 9 S 3 8 0 0 0 0 0 0 8 8
OF GESTATION
R = RIGHT L = LEFT A = ABORTED T = TOTAL
a. Dosage occurred on days 7 through 20 of gestation.
b. Conceptuses appeared normal for developmental ages.
c. Late resorption unless otherwise noted.
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 2 (PAGE 2): UTERINE CONTENTS AND LITTER DATA FOR INDIVIDUAL RABBITS THAT ABORTED

DOSAGE GROUP RABBIT CORPORA LUTEA IMPLANTATIONS FETUSES b RESORPTIONS ¢
DOSAGE (MG/KG/DAY)a NUMBER DAY OF DEATH R L T R L T R L A T R L A T
v
3.75 8534 ABORTED ON DAY 22 S 4 9 5 3 8 S 2 1 8 0 0 0 0

OF GESTATION

8537 ABORTED ON DAY 25 4 2 6 3 2 5 0 0 0 0 0 0 5 5
OF GESTATION

8538 ABORTED ON DAY 24 5 5 10 5 4 9 o .0 0 0 0 0 8 8d
OF GESTATION

8539 ABORTED ON DAY 24 4 3 7 4 3 7 0 4] 7 7 0 0 o 0
OF GESTATION

8540 ABORTED ON DAY 25 6 8 14 6 8 14 0 4 q 8 2 4 0 6
OF GESTATION

8542 ABORTED ON DAY 28 4 S 9 4 4 8 0 0 6 6e 0 0 0 0
OF GESTATION

8544 ABORTED ON DAY 25 4 5 9 4 S 9 0 0 9 9 0 0 0 0
OF GESTATION

8547 ABORTED ON DAY 22 S 3 8 5 3 8 0 0 0 0 0 0 8 8
OF GESTATION

8548 ABORTED ON DAY 25 S 7 12 4 7 11 3 ) 1 9 0 2 0 2
OF GESTATION
R = RIGHT L = LEFT A = ABORTED T = TOTAL
a. Dosage occurred on days 7 through 20 of gestation.
b. Conceptuses appeared normal for developmental ages.
c. Late resorptions unless otherwise noted.
d. One aborted conceptus was presumed to have been cannibalized.
e. Two aborted conceptuses were presumed to have been cannibalized.
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 3 (PAGE 1): MATERNAL BODY WEIGHTS - SUMMARY

DOSAGE GROUP 1 11 III v v
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5 3.75
‘RamBITS TESTED N 2 2 22 2 22
PREGNANT N 20 19 19 ) 17 21
INCLUDED IN ANALYSES N 20 18b 19 17 21

MATERNAL BODY WEIGHT (KG)

.26 3.33

DAY © MEAN+S.D. 3.34 + 0 + 0.27 3.36 + 0.27 3.38 + 0.23 3.32 + 0.23
DAY 7 MEAN+S.D. 3.38 + 0.29 3.43 + 0.22 3.47 + 0.23 3.51 + 0.23 3.41 + 0.20
DAY 8 MEAN+S.D. 3.42 + 0.30 3.48 + 0.23 3.50 + 0.22 3.54 + 0.25 3.44 + 0.20
DAY 9 MEAN+S.D. 3.43 + 0.30 3.50 + 0.23 3.49 + 0.22 3.56 + 0.24 3.46 + 0.22
DAY 10 MEAN+S.D. 3.45 + 0.27 3.52 + 0.23 3.50 + 0.24 3.56 + 0.25 3.47 + 0.23
DAY 11 MEAN+S.D. 3.50 + 0.27 3.52 + 0.25 3.53 4+ 0.24 3.56 + 0.24 3.49 + 0.24
DAY 12 MEAN+S.D. 3.53 + 0.29 3.54 + 0.28 3.56 + 0.24 3.58 + 0.28 3.51 + 0.24
DAY 13 MEAN+S.D. 3.54 + 0.29 3.55 + 0.25 3.60 + 0.24 3.61 + 0.27 3.51 + 0.24
DAY 14 MEAN+S.D. 3.59 + 0.30 3.60 + 0.25 3.64 + 0.26 3.63 + 0.26 3.52 + 0.26
DAY 15 MEAN+S.D. 3.62 + 0.29 3.62 + 0.25 3.66 + 0.26 3.67 + 0.28 3.52 + 0.29
DAY 16 MEAN+S.D. 3.65 + 0.26 3.64 & 0.27 3.69 + 0.25 3.67 + 0.29 3.48 + 0.30
DAY 17 MEAN+S.D. 3.66 + 0.27 3.65 + 0.24 3.69 + 0.25 3.65 + 0.28 3.45 + 0.31%
DAY 18 MEAN4+S.D. 3.69 + 0.28 3.69 + 0.24 3.71 + 0.25 3.66 + 0.29 3.44 + 0.32*
‘DAY 19 MEAN+S.D. 3.72 + 0.28 3.69 + 0.25 3.72 + 0.24 3.67 + 0.29 3.42 & 0.34%+
DAY 20 MEAN+S.D 3.74 + 0.28 3.73 + 0.24 3.75 + 0.24 3.69 + 0.31 3.41 + 0.36%+

DAY = DAY OF GESTATION

a Dosage occurred on days 7 through 20 of gestation.

b. Excludes values for doe 8481, which had a litter that consisted of ten dead fetuses
* Significantly different from the vehicle control group value (p<0.05).

** gjgnificantly different from the vehicle control group value (p<0.01).
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 3 (PAGE 2): MATERNAL BODY WEIGHTS - SUMMARY

DOSAGE GROUP I I1 III Iv v
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5 3.75
‘raBBITS TESTED v 22 22 22 22 22
PREGNANT N 20 19 19 , 17 21
INCLUDED IN ANALYSES N 20 ) 18b 19 17 21

MATERNAL BODY WEIGHT (KG)

DAY 21 MEAN+S.D. 3.77 + 0.28 3.76 + 0.24 3.77 + 0.24 3.71 + 0.31 3.41 + 0.38**
DAY 22 MEAN+S.D. 3.79 + 0.29 3.79 + 0.25 3.80 + 0.25 3.71 + 0.33 3.43 + 0.37*»
[ 19]c
DAY 23 MEAN+S.D. 3.82 + 0.30 3.82 + 0.25 3.82 + 0.24 3.72 + 0.33 3.42 + 0.38%>
. [ 19)c
DAY 24 MEAN+S.D. 3.85 + 0.31 3.85 + 0.28 3.84 + 0.26 3.74 + 0.35 3.45 + 0.41**
[ 18]lc
DAY 25 MEAN+S.D. 3.88 + 0.32 3.86 + 0.28 3.88 + 0.26 3.81 + 0.29 3.64 + 0.20
[ 16)c [ 13]c
DAY 26 MEAN+S.D. 3.91 + 0.34 3.88 + 0.29 3.88 + 0.26 3.80 + 0.29 3.65 + 0.23
[ 16)c [ 13]c
DAY 27 MEAN+S.D. 3.91 + 0.35 3.89 + 0.30 3.88 + 0.25 3.80 + 0.29 3.64 + 0.22
[ 16)c [ 13)c
DAY 28 MEAN+S.D. 3.91 + 0.35 3.93 + 0.30 3.90 + 0.26 3.82 + 0.28 3.67 + 0.25
[ 16)c [ 12]c
DAY 29 MEAN+S.D. 3.94 + 0.36 3.93 + 0.30 3.92 + 0.26 3.86 + 0.28 3.72 + 0.26
[ 16)c [ 12)c
DAY OF GESTATION

>
4
nou

NUMBER OF VALUES AVERAGED

a. Dosage occurred on days 7 through 20 of gestation.

b. Excludes values for doe 8481, which had a litter that consisted of ten dead fetuses.
c. Excludes values for rabbits that aborted.

** Significantly different from the vehicle control group value (p<0.01).
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 4 (PAGE 1): MATERNAL BODY WEIGHT CHANGES - SUMMARY

DOSAGE GROUP I I1 I1I v v
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5 3.75
‘RABBITS TESTED N 22 2 22 2 22
PREGNANT N 20 19 19 ) 17 21
INCLUDED IN ANALYSES N 20 18b 19 17 21

MATERNAL BODY
WEIGHT CHANGE (KG)

DAYS 0 - 7 MEAN+S.D. +0.04 + 0.13 +0.10 + 0.13 +0.11 + 0.08 +0.12 + 0.08 +0.09 * 0.11
DAYS 7 - 10 MEAN+S.D. +0.07 + 0.07 +0.08 + 0.06 +0.03 + 0.06 +0.05 + 0.06 +0.06 + 0.12
DAYS 10 - 13 MEAN+S.D. +0.09 + 0.08 +0.03 + 0.07* +0.10 + 0.05 +0.06 + 0.07 +0.04 + 0.08*
DAYS 13 - 16 MEAN+S.D. +0.11 + 0.09 +0.09 + 0.07 +0.08 + 0.05 +0.05 + 0.09 -0.03 + 0.11%*
DAYS 16 - 19 MEAN+S.D. +0.06 + 0.09 +0.05 + 0.08 +0.03 + 0.06 +0.00 + 0.06 -0.07 + 0.10%*
DAYS 19 - 21 MEAN+S.D. +0.05 + 0.03 +0.07 + 0.07 +0.05 + 0.04 +0.04 + 0.03 -0.01 + 0.08
DAYS 21 - 24 MEAN+S.D. +0.09 + 0.05 +0.09 + 0.06 +0.07 + 0.0S +0.04 + 0.08 -0.03 + 0.13%
{ 18lc
DAYS 24 - 29 MEAN+S.D. +0.08 + 0.11 +0.08 + 0.09 +0.08 + 0.08 +0.06 + 0.14 +0.08 + 0.10
{ 16]c [ 12)c
DAYS 7 - 21 MEAN+S.D. +0.38 + 0.10 +0.33 + 0.09 +0.30 + 0.08% +0.20 + 0.17%+ -0.01 + 0.35%+
DAYS 21 - 29 MEAN+S.D. +0.17 + 0.13 +0.17 + 0.12 +0.15 + 0.07 +0.11 + 0.15 +0.11 + 0.20
[ 16)c [ 121c
DAYS 7 - 29 MEAN+S.D. +0.55 + 0.18 +0.50 + 0.16 +0.45 + 0.12 - +0.34 + 0.16%* +0.30 + 0.38
[ 16)c [ 121c
DAYS 0 - 29 MEAN+S.D. +0.59 + 0.21 +0.60 + 0.13 +0.56 + 0.13 +0.46 + 0.14 +0.39 + 0.38
[ 16)c [ 12)c

DAYS = DAYS OF GESTATION

[ ] = NUMBER OF VALUES AVERAGED

a. Dosage occurred on days 7 through 20 of gestation.

b. Excludes values for doe 8481, which had a litter that consisted of ten dead fetuses.
c. Excludes values for rabbits that aborted.

* Significantly different from the vehicle control group value (p<0.0S).

** Significantly different from the vehicle control group value (p<0.01).
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE S (PAGE 1): MATERNAL ABSOLUTE FEED CONSUMPTION VALUES (G/DAY) - SUMMARY

DOSAGE GROUP 1 II III v v
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5 3.75
‘raBBITS TESTED N 22 22 2 2 22
PREGNANT N 20 19 | 19 ) 17 21
INCLUDED IN ANALYSES N 20 18b 19 17 21

MATERNAL FEED
CONSUMPTION (G/DAY)

DAYS 7 - 10 MEAN+S.D. 142.6 + 50.4 171.3 + 19.1 161.2 + 22.8 161.2 + 18.9 151.5 + 41.0
[ 18)c
DAYS 10 - 13 MEAN+S.D. 149.7 + 35.7 142.0 + 47.8 158.8 + 24.0 142.6 + 35.9 129.6 + 53.7
DAYS 13 - 16 MEAN+S.D. 162.3 + 24.5 158.1 + 35.7 162.8 + 36.6 143.0 + 45.8 95.8 + 75.0
DAYS 16 - 19 MEAN+S.D. 177.5 + 11.8 175.2 + 12.8 163.0 + 33.7 145.6 + 43.4** 77.1 + 76.7%*
[ 17])c
DAYS 19 - 21 MEAN+S.D. 173.6 + 19.9 180.1 + 7.0 170.2 + 20.5 146.1 + 45.5 69.7 + 72.9%*
[ 17)c
DAYS 21 - 24 MEAN+S.D. 160.9 + 32.5 165.2 + 20.7 160.2 + 25.3 130.4 + 41.0 80.5 + 72.0%*
[ 17)d
DAYS 24 - 29 MEAN+S.D. 124.5 + 40.5 135.5 + 38.7 131.3 + 33.6 112.8 + 37.2 114.6 + 51.1
[ 16)d { 1214
DAYS 7 - 21 MEAN+S.D. 160.2 + 20.5 163.3 + 20.8 162.9 + 20.7 147.8 + 28.8 107.2 + S4.6**
[ 17)c
DAYS 21 - 29 MEAN+S.D. 138.4 + 34.8 146.9 + 29.2 142.1 + 24.8 120.7 + 29.3 112.7 + 50.9
[ 16]1d { 12]d
DAYS 7 - 29 MEAN+S.D. 152.4 + 21.7 157.8 + 21.2 155.3 + 16.6 141.0 + 20.5 127.7 + 39.0
[ 16]ad [ 12]4

DAYS = DAYS OF GESTATION

[ ] = NUMBER OF VALUES AVERAGED

a. Dosage occurred on days 7 through 20 of gestation.

b Excludes values for doe 8481, which had a litter that consisted of ten dead fetuses.
c. Excludes values that were associated with spillage or wet feed.

d. Excludes values for rabbits that aborted.

**+ Significantly different from the vehicle control group value (p<0.01).
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 6 (PAGE 1): MATERNAL RELATIVE FEED CONSUMPTION VALUES (G/KG/DAY) - SUMMARY

DOSAGE GROUP I 11 III v \'4
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5 3.75
‘RABBITS TESTED v 2 22 22 2 22
PREGNANT N 20 19 19 ' 17 21
INCLUDED IN ANALYSES N 20 18b 19 17 21

MATERNAL FEED
CONSUMPTION (G/KG/DAY)

DAYS 7 - 10 MEAN+S.D. 41.4 + 14.5 49.1 + 4.2 46.0 + 6.5 45.5 + 4.5 43.7 + 11.9
[ 18]c
DAYS 10 - 13 MEAN+S.D. 42.5 + 9.1 39.9 + 12.8 44.8 + 6.9 39.6 + 8.7 36.7 + 14.8
DAYS 13 - 16 MEAN+5.D. 45.1 + 6.5 43.7 + 9.1 44.5 + 9.7 39.0 + 11.8 26.4 + 20.7*
DAYS 16 - 19 MEAN+S.D. 48.4 + 3.9 47.8 + 3.7 44.1 + 9.4 39.3 + 11.2%** 21.2 + 20.9%*
[ 17}c
DAYS 19 - 21 MEAN+S.D. 46.6 + 5.8 48.5 + 3.4 45.5 + 5.7 39.1 + 11.6* 19.1 + 19.6%+
[ 171c
DAYS 21 - 24 MEAN+S.D. 42.3 + 8.0 43.3 + 4.2 42.1 + 6.6 34.6 + 9.3* 22.0 + 19.4**
, [ 1714
DAYS 24 - 29 MEAN+S.D. 31.7 + 9.0 34.5 + 8.6 33.9 + 8.9 29.5 + 9.3 30.8 + 13.6
[ 16)d { 12)4d
DAYS 7 - 21 MEAN+S.D. 44.8 + 5.1 45.4 + 4.6 45.1 + 5.8 40.6 + 6.4 30.4 + 14.9*
. [ 17)c
DAYS 21 - 29 MEAN+S.D. 35.7 + 7.8 37.9 + 6.0 36.9 + 6.6 31.7 + 6.8 30.5 + 13.6
[ 16]1d [ 12]4
DAYS 7 - 29 MEAN+S.D. 41.4 + 4.9 42.7 + 4.1 42.0 + 4.6 38.1 + 4.0¢ 35.4 + 10.4
[ 16)d [ 12]4

DAYS = DAYS OF GESTATION

[ ] = NUMBER OF VALUES AVERAGED

a Dosage occurred on days 7 through 20 of gestation.

b Excludes values for doe 8481, which had a litter that consisted of ten dead fetuses.
c. Excludes values that were associated with spillage or wet feed.

d Excludes values for rabbits that aborted.

* Significantly different from the vehicle control group value (p<0.05).

** gignificantly different from the vehicle control group value (p<0.01).

8-8 3OVd:ZIL0-8l¥



N

PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 7 (PAGE 1): CAESAREAN-SECTIONING OBSERVATIONS - SUMMARY

DOSAGE GROUP I 1I I1X v v
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5 3.75
RABBITS TESTED N 22 22 22 22 22
PREGNANT N(%) 20( 90.9) 19( 86.4) 19( 86.4) 17( 77.3) 21( 95.4)
ABORTED N(%) o( 0.0) o( 0.0} o( 0.0) ' 1{ 5.9) 9( 42.8)

RABBITS PREGNANT AND
CAESAREAN - SECTIONED

ON DAY 29 OF GESTATION N 20 19 19 16 12
INCLUDED IN ANALYSES N 20 18b 19 16 12
CORPORA LUTER MEAN+S.D. 10.8 + 2.5 10.9 + 2.5 10.5 + 2.3 10.4 + 2.2 11.1 + 1.7
IMPLANTATIONS MEAN+S.D. 9.0 + 2.2 9.1+ 1.9 8.4+ 1.8 8.4+ 1.8 9.2+ 1.9
LITTER SIZES MEAN+S.D. 8.8 + 2.2 9.0 + 2.0 8.0+ 1.9 8.1+ 1.8 9.0+ 2.0
LIVE FETUSES N 175 162 152 130 108
MEAN+S.D. 8.8+ 2.2 9.0+ 2.0 8.0+ 1.9 8.1+ 1.8 9.0+ 2.0
DEAD FETUSES N 0 0 0 0 0
RESORPTIONS MEAN+S.D. 0.2+ 0.4 0.1 + 0.3 0.4+ 0.8 0.2+ 0.4 0.2+ 0.4
EARLY RESORPTIONS N 3 2 2 2 1
MEAN:S.D. 0.2+ 0.4 0.1+ 0.3 0.1+ 0.3 0.1+ 0.3 0.1 + 0.3
LATE RESORPTIONS N 1 0 5 1
MEAN4+S.D. 0.0+ 0.2 0.0 + 0.0 0.3+ 0.7 0.1+ 0.3 0.1+ 0.3
DOES WITH ANY RESORPTIONS  N(%) 4( 20.0) 2( 11.1) 5( 26.3) 4( 25.0) 2( 16.7)
DOES WITH ALL CONCEPTUSES
RESORBED N (%) 0 0 0 0 0
DOES WITH VIABLE FETUSES  N(%) 20(100.0) 18(100.0) 19(100.0) 16(100.0) 12(100.0)
PLACENTAE APPEARED NORMAL  N(%) 20(100.0) 18(100.0) 19(100.0) 16 (100.0) 12(100.0)

a. Dosage occurred on days 7 through 20 of gestation.
b. Excludes values for doe 8481, which had a litter that consisted of ten dead fetuses.
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 8 (PAGE 1): LITTER OBSERVATIONS (CAESAREAN-DELIVERED FETUSES) - SUMMARY

DOSAGE GROUP I 11 111 v A
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5 3.75
LITTERS WITH ONE OR
MORE LIVE FETUSES N 20 18 19 16 12
IMPLANTATIONS MEAN+S.D. 9.0 + 2.2 9.1+ 1.9 8.4+ 1.8 ' 8.4+ 1.8 9.2+ 1.9
LIVE FETUSES N 175 162 152 130 108
MEAN+S.D. 8.8+ 2.2 9.0 + 2.0 8.0+ 1.9 8.1+ 1.8 9.0 + 2.0
LIVE MALE FETUSES N 87 74 71 66 50

¥ LIVE MALE

FETUSES/LITTER MEAN+S.D. 50.4 + 15.1 45.8 + 19.2 45.6 + 18.0 50.2 + 14.1 44.1 + 21.7
LIVE FETAL BODY WEIGHTS
(GRAMS) /LITTER MEAN+S.D. 44.15 + 4.50 41.67 + 3.28 42.37 + 4.34 39.89 + 4.33* 33.41 + 7.61**
MALE FETUSES MEAN+S.D. 44.50 + 4.90 41.82 + 2.77 43.12 + 5.13 40.56 + 4.52* 34.10 + 7.36%*
[ 11]b
FEMALE FETUSES MEAN+S.D. 43.86 + 4.84 41.36 + 4.09 41.94 + 4.90 38.98 + 5.28* 32.31 + 8.27+%%*
% RESORBED
CONCEPTUSES/LITTER MEAN+S.D. 2.1 + 4.4 1.4 + 4.1 4.4 + 9.4 3.1 + 5.7 1.8 + 4.1

[ ] = NUMBER OF VALUES AVERAGED

a. Dosage occurred on days 7 through 20 of gestation.

b. Litter 8546 had no male fetuses.

* Significantly different from the vehicle control group value (p<0.05).
*+ gignificantly different from the vehicle control group value (p<0.01).
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 9 (PAGE 1): FETAL ALTERATIONS - SUMMARY

DOSAGE GROUP I II III Iv v
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5 3.75
LITTERS EVALUATED N 20 19b 19 16 12
FETUSES EVALUATED N 175 172 152 130 108
LIVE N 175 162 152 130 108
DEAD N 0 10b 0 0 0
LITTERS WITH FETUSES WITH
ANY ALTERATION OBSERVED N(%) 14( 70.0) 11( 61.1) 9( 47.4) 4( 25.0) 8( 66.7)
FETUSES WITH ANY
ALTERATION OBSERVED N(%) 25( 14.3) 25( 15.4) 14( 9.2) S( 3.8)#* 19( 17.6)
% FETUSES WITH ANY )
ALTERATION/LITTER MEAN+S.D. 14.1 + 12.9 17.0 + 18.2 9.5 + 11.7 3.6 + 7.0 17.4 + 22.2

a. Dosage occurred on days 7 through 20 of gestation.

b. Litter B481 consisted of ten dead fetuses; values were excluded from group averages and statistical analyses. Adverse
observations for this litter are cited on Table 21.

** Significantly different from the vehicle control group value (p<0.01).
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 10 (PAGE 1): FETAL GROSS EXTERNAL ALTERATIONS - SUMMARY

DOSAGE GROUP I 11 III Iv v
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5 3.75
LITTERS EVALUATED N 20 19b 19 16 12
FETUSES EVALUATED N 175 162 152 130 108

LIVE N 175 162 152 130 108

DEAD N 0 10b 0 0 0
FORELIMBS: . FLEXED DOWNWARD

LITTER INCIDENCE N(%) o( 0.0) 1( 5.3) o( o0.0) o( 0.0) 1( 8.3)

FETAL INCIDENCE N(%) o( 0.0) 1( 0.6) o( 0.0) o( 0.0) 1( 0.9)
FORELIMB: POLLEX ABSENT :

LITTER INCIDENCE N (%) 1( 5.0) 0{( 0.0) 0o( 0.0) o{ 0.0) o( 0.0)

FETAL INCIDENCE N(%) 1( 0.6) 0{ 0.0) o( 0.0) 0o( 0.0) o( 0.0)

a. Dosage occurred on days 7 through 20 of gestation.
b. Litter 8481 consisted of ten dead fetuses; values were excluded from group averages and statistical analyses. Adverse
~observations for this litter are cited on Table 21.
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 11 (PAGE 1): FETAL SOFT TISSUE ALTERATIONS - SUMMARY

DOSAGE GROUP 1 I 11X v v
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5 3.75
LITTERS EVALUATED N 20 19b 19 16 12
FETUSES EVALUATED N 175 172 152 130 108
LIVE N 175 162 152 130 108
DEAD N ] 10b 0 ' 0 0
EYES: CIRCUMCORNEAL HEMORRHAGE
LITTER INCIDENCE N (%) 1( 5.0) o( 0.0) o( 0.0) o( 0.0) 0( 0.0)
FETAL INCIDENCE N (%) 1( 0.6) 0( 0.0) o 0.0) o( 0.0) 0( 0.0)
LUNGS: INTERMEDIATE LOBE ABSENT
LITTER INCIDENCE N (%) 2( 10.0) 4( 22.2) 1( 5.3) 0o( 0.0) 1{ 8.3)
FETAL INCIDENCE N(%) 2( 1.1) T( 4.3) %% 1( 0.6) o( 0.0) 1( 0.9)

a. Dosage occurred on days 7 through 20 of gestation.

b. Litter 8481 consisted of ten dead fetuses; values were excluded from group averages and statistical analyses. Adverse
observations for this litter are cited on Table 21. ‘

** Significantly different from the vehicle control group value {(p<0.01).
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 12 (PAGE 1): FETAL SKELETAL OBSERVATIONS - SUMMARY
(See footnotes on the last page of this table.)

DOSAGE GROUP I II I1I v V'
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5 3.75
LITTERS EVALUATED N 20 19b 19 16 12
FETUSES EVALUATED N 175 172 152 130 108
LIVE N 175 162 152 ' 130 108
DEAD N 0 10b 0 : 0 0

SKULL - IRREGULAR OSSIFICATION:cC
(SUMMARIZATION OF ALL IRREGULAR OSSIFICATION
OF THE SKULL d; INDIVIDUAL SUBCATEGORIES
CITED BELOW)
LITTER INCIDENCE N(%) 6( 30.0) 7( 38.9) 3( 15.8) 1( 6.2) 3( 25.0)
FETAL INCIDENCE N(%) 7( 4.0) 9( 5.6) 3( 2.0) 1{ 0.8)* 10( 9.2)+*+

SKULL: NASAL(S), IRREGULAR OSSIFICATION
(SUMMARIZATION OF FUSED; IRREGULAR SUTURE;
MIDLINE SUTURE DISPLACED; INTRANASAL; INTERNASAL)

LITTER INCIDENCE N(%) 5( 25.0) 7( 38.9) 3( 15.8) 1( 6.2) 1( 8.3)

FETAL INCIDENCE N(%) 6( 3.4) 9( 5.6) 3( 2.0) 1( 0.8) 1( 0.9)
SKULL: NASAL - FRONTAL, IRREGULAR SUTURE

LITTER INCIDENCE N(%) 1{( 5.0) 2( 11.1) o( 0.0) 0( 0.0) 0( 0.0)

FETAL INCIDENCE N(%) 1( o0.6)f 2( 1.2) o( 0.0) 0( 0.0) 0o( 0.0)
SKULL: NASALS, FUSED

LITTER INCIDENCE N(%) 1{ 5.0) o( 0.0) o( 0.0) o( 0.0) 0( 0.0)

FETAL INCIDENCE N(%) 1( 0.6) 0( 0.0) 0o( 0.0) o( 0.0) 0( 0.0)
SKULL: NASALS, CONTAINED AN INTERNASAL

LITTER INCIDENCE N(%) 1( 5.0) 2( 11.1) 0( 0.0) 1( 6.2) o( 0.0)

FETAL INCIDENCE N(%) 1( o0.86) 3( 1.8) o( 0.0) 1( o0.8) 0( o0.0)
SKULL: NASALS, MIDLINE SUTURE DISPLACED

LITTER INCIDENCE N(%) 0( 0.0) 3( 16.7) 1( 5.3) o( 0.0) o( 0.0)

FETAL INCIDENCE N(%) o( 0.0) 4( 2.5)*+ 1( 0.6) 0( 0.0) o( 0.0)
SKULL: NASAL, CONTAINED AN INTRANASAL

LITTER INCIDENCE N (%) 3( 15.0) 0( 0.0) 2( 10.5) 0o( 0.0) 1( 8.3)

FETAL INCIDENCE N(%) 3( 1.7) o( 0.0) 2( 1.3) o( 0.0) 1( 0.9)
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PROTOCOL 418-012:

TABLE 12 (PAGE 2):

DOSAGE GROUP 1 11
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1
LITTERS EVALUATED N 20 19b
FETUSES EVALUATED N 175 172
LIVE N 175 162
DEAD N 0 10b
SKULL: FRONTALS, CONTAINED AN INTERFRONTAL :
LITTER INCIDENCE N(%) 1( 5.0) o{( 0.0)
FETAL INCIDENCE N(%) 1( 0.6} o( 0.0)
SKULL: PARIETAL, CONTAINED A HOLE
LITTER INCIDENCE N(%) 0o( 0.0) o( 0.0)
FETAL INCIDENCE N(%) o( 0.0) o( 0.0)
SKULL - OTHER ALTERATIONS:b
HYOID: ALA, ANGULATED
LITTER INCIDENCE N(%) 6( 30.0) 3{( 16.7)
FETAL INCIDENCE N(%) 10( s.7)f.g 4( 2.5)
SKULL: PREMAXILLAE, NOT OSSIFIED
LITTER INCIDENCE N(%) o( 0.0) 1( 5.6)
FETAL INCIDENCE N (%) o( 0.0) 1( 0.6)
CERVICAL VERTEBRAE: CERVICAL RIB PRESENT AT 7TH CERVICAL VERTEBRA
LITTER INCIDENCE N(%) 1( 5.0) o( 0.0)
FETAL INCIDENCE N(%) 1( 0.6) o( 0.0)
CERVICAL VERTEBRAE: CENTRUM, UNILATERAL OSSIFICATION
LITTER INCIDENCE N (%) o( o0.0) 1( 5.6)
FETAL INCIDENCE N(%) o( 0.0) 1( 0.6)
THORACIC VERTEBRAE: CENTRUM, BIFID
LITTER INCIDENCE N(%) o( 0.0) 1( 5.6)
FETAL INCIDENCE N (%) o( 0.0) 1( 0.6)h
THORACIC VERTEBRAE: CENTRA, FUSED
LITTER INCIDENCE N(%) - 0( 0.0) 2( 11.1)
FETAL INCIDENCE N(%) o( 0.0) 2( 1.2)h,i

FETAL SKELETAL OBSERVATIONS - SUMMARY
(See footnotes on the last page of this table.)
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 12 (PAGE 3): FETAL SKELETAL OBSERVATIONS - SUMMARY
(See footnotes on the last page of this table.)

DOSAGE GROUP I II III Iv \'4
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5 3.75
LITTERS EVALUATED N 20 19b 19 16 12
FETUSES EVALUATED N 175 172 152 130 108

LIVE N 175 162 152 ' 130 108

DEAD N 0 10b (1] 0 0
THORACIC VERTEBRAE: HEMIVERTEBRA

LITTER INCIDENCE N(%) 1( 5.0) 0o( 0.0) 0( 0.0) 0( 0.0) o{( 0.0)

FETAL INCIDENCE N{(%) 1( 0.6)g 0o( 0.0) o{ 0.0) 0( 0.0) o( 0.0)
THORACIC VERTEBRAE: ARCH, SMALL

LITTER INCIDENCE N(%) o{ 0.0) 1{ 5.6} o{ 0.0) o{ o0.0) o{ 0.0)

FETAL INCIDENCE N(%) o( 0.0) 1( 0.6)i o( 0.0) 0( 0.0) 0( 0.0)
THORACIC VERTEBRAE: CENTRUM, UNILATERAL OSSIFICATION

LITTER INCIDENCE N(%) 1( 5.0) 0 0.0} o( 0.0} o( 0.0) o( 0.0)

FETAL INCIDENCE N(%) 1( 0.6) o( 0.0} o( 0.0) o( 0.0) o( 0.0)
LUMBAR VERTEBRAE: CENTRUM, BIFID

LITTER INCIDENCE N(%) o( 0.0) o( 0.0) 1( 5.3) o( 0.0) 1( 8.3)

FETAL INCIDENCE N(%) 0( 0.0} 0( 0.0) 1( 0.6)3 o( 0.0) 1( 0.9)
LUMBAR VERTEBRAE: HEMIVERTEBRA

LITTER INCIDENCE N(%) o( 0.0) o( 0.0) 1( 5.3) 0o( 0.0) 0o( 0.0)

FETAL INCIDENCE N(%) o( 0.0) o( 0.0) 1( 0.6)j o( 0.0) o( 0.0)
CAUDAL VERTEBRAE: MISALIGNED

LITTER INCIDENCE N(%) 1( 5.0) 0( 0.0) 0( 0.0) o( 0.0) o( 0.0)

FETAL INCIDENCE N (%) 1( 0.6) 0o( 0.0} o( 0.0) - 0( 0.0) o( 0.0)
RIBS: FUSED .

LITTER INCIDENCE N(%) o( 0.0) 1( 5.6) o( 0.0) o{ 0.0) o( 0.0)

FETAL INCIDENCE N(%) o{( 0.0) 1( 0.6) o( 0.0) o( 0.0) o( 0.0)
RIBS: SPLIT

LITTER INCIDENCE N(%) 1( 5.0) o( 0.0) 1( 5.3) o( 0.0) o( 0.0)

FETAL INCIDENCE N(%) 1( 0.6)g 0( 0.0) 1( 0.6) 0o( o0.0) o( 0.0)
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PROTOCOL 418-012:

TABLE 12 (PAGE 4):

DOSAGE GROUP
DOSAGE (MG/KG/DAY)a

LITTERS EVALUATED
FETUSES EVALUATED
LIVE
DEAD

RIBS: THICKENED
LITTER INCIDENCE
FETAL INCIDENCE

RIBS: PROXIMATE
LITTER INCIDENCE
FETAL INCIDENCE

STERNAL CENTRA:
LITTER INCIDENCE
FETAL INCIDENCE

STERNAL CENTRA:
LITTER INCIDENCE
FETAL INCIDENCE

METACARPALS :
LITTER INCIDENCE
FETAL INCIDENCE

FOREDIGITS:
LITTER INCIDENCE
FETAL INCIDENCE

FOREPHALANGES :
LITTER INCIDENCE
FETAL INCIDENCE

PELVIS:
LITTER INCIDENCE
FETAL INCIDENCE

FUSED

ASYMMETRIC

FORELIMB,

PUBIS, NOT OSSIFIED

FORELIMB, 4 DIGITS PRESENT

FETAL SKELETAL OBSERVATIONS - SUMMARY
(See footnotes on the last page of this table.)

FORELIMB, 4 METACARPALS PRESENT

I 11
0 (VEHICLE) 0.1
N 20 19b
N 175 172
N 175 162
N 0 10b
N (%) 1( 5.0) o( o.
N(%) 1( 0.6) o( o
N(%) o( 0.0) 1( 5
N(%) o( 0.0) 1( o
N(%) 2( 10.0) 3( 16
N(%) 2{( 1.1) 3( 1
N(¥) 1({ 5.0) o( o
N(%) 1( 0.6)g o( o
‘N(%) 1( 5.0) o( 0
N(%) 1( 0.6)e o( o
N(%) 1( 5.0) o( o.
N(¥) 1( 0.6)e o( o.
MEDIAL AND DISTAL PHALANGES ABSENT
N(%) 1( 5.0) o( o.
N(%) 1( 0.6)e 0o( o.
N (%) o( 0.0) o( o
N(%) 0o( 0.0) o( o
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 12 (PAGE §): FETAL SKELETAL OBSERVATIONS - SUMMARY

a Dosage occurred on days 7 through 20 of gestation.

b. Litter 8481 consisted of ten dead fetuses; values were excluded from group averages and statistical analyses. Adverse
observations for this litter are cited on Table 21.

c. Fetuses with alterations of the skull and/or hyoid are not separately identified in this summary table, except when
alterations of other ossification sites were also present. '

Includes all alterations noted for the skull except hyoid, ala, angulated and skull, premaxillae, not ossified. These

categories are excluded because these alterations do not result from irregular ossification.

Fetus B8448-1 had other skeletal alterations.

Fetus 8449-6 had other skeletal alterations.

Fetus 8452-1 had other skeletal alterations.

Fetus 8476-1 had other skeletal alterations.

Fetus 8485-2 had other skeletal alterations.

Fetus 8500-8 had other skeletal alterations.

Fetus B543-4 had other skeletal alterations.

Fetus 8543-6 had other skeletal alterations.

Significantly different from the vehicle control group value (p<0.05).

* Significantly different from the vehicle control group value (p<0.01).
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER: 6295.10)

TABLE 13 (PAGE 1): FETAL OSSIFICATION SITES - CAESAREAN-DELIVERED LIVE FETUSES (DAY 29 OF GESTATION) - SUMMARY

DOSAGE GROUP I 11 111 v v
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5 3.75
LITTERS EXAMINED N 20 19b 19 16 12
FETUSES EXAMINED N 175 172 