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STATEMENT OF NO DATA CONFIDENTIALITY CLAIMS 
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effects to the results of the attached study.  This study neither meets nor exceeds any of 
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Company:   
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2. QUALITY ASSURANCE STATEMENT 
 
Protocol:  UZS00009 
 
This study has been inspected by the Quality Assurance Unit to assure conformance with 
the Good Laboratory Practice (GLP) regulations promulgated by the U.S. Environmental 
Protection Agency; the Organisation for Economic Co-operation and Development; and 
the Japanese Ministry of Agriculture, Forestry, and Fisheries.a

 

 Reports were submitted in 
accordance with Standard Operating Procedures as follows:  

QA INSPECTION DATES 
 

  Date(s) Findings Submitted to: 
 

Date(s) of 
Inspection 

 
Phase(s) 
Inspected 

 
 

Study Director 

 
Study Director 
Management 

18-19 MAY 
2009 

Protocol 19 MAY 2009 19 MAY 2009 

22 MAY 2009 Amendment 1 22 MAY 2009 22 MAY 2009 

02 JUN 2009 Amendment 2 02 JUN 2009 02 JUN 2009 

25 JUN 2009 
 

02 OCT 2009 
 

09 NOV 2009 
 

Amendment 3 
 

Amendment 4 
 

Amendment 5 

25 JUN 2009 
 

02 OCT 2009 
 
09 NOV 2009 

25 JUN 2009 
 

02 OCT 2009 
 
09 NOV 2009 

27 MAY 2009 Test Substance 
Administration 

27 MAY 2009 27 MAY 2009 

27 MAY 2009 Blood Collection 03 JUN 2009 03 JUN 2009 

10 & 12 JUN 
2009 

Formulations Data 15 JUN 2009 15 JUN 2009 

11-12 JUN 2009 In-life Data 15 JUN 2009 15 JUN 2009 

25-26 & 29 JUN 
2009 

Methods 30 JUN 2009 30 JUN 2009 

26 JUN 2009 Report Tables 26 JUN 2009 26 JUN 2009 

21 JUL 2009 Results 21 JUL 2009 21 JUL 2009 

    

    

                                                 
a. The Test Facility Quality Assurance Unit did not audit the extension portion of the study. 

Testing Facility Study No. UZS00009Daikin Industries, LTD

5 of 214





  

 
TABLE OF CONTENTS 

 
1. GLP COMPLIANCE STATEMENT ......................................................................... 3 
2. QUALITY ASSURANCE STATEMENT ................................................................. 5 
3. SUMMARY AND CONCLUSION ......................................................................... 11 

3.1. Purpose .............................................................................................................. 11 
3.2. Methods............................................................................................................. 11 
3.3. Results ............................................................................................................... 12 
3.4. Conclusion ........................................................................................................ 12 

4. DESCRIPTION OF TEST PROCEDURES ............................................................. 13 
4.1. Conduct of Study .............................................................................................. 13 

4.1.1. Sponsor ..................................................................................................... 13 
4.1.2. Testing Facility ......................................................................................... 13 
4.1.3. Study Number ........................................................................................... 13 
4.1.4. Purpose of the Study ................................................................................. 13 
4.1.5. Study Design ............................................................................................. 13 
4.1.6. Ownership of the Study ............................................................................ 13 
4.1.7. Study Monitor ........................................................................................... 13 
4.1.8. Study Director ........................................................................................... 14 
4.1.9. Technical Performance ............................................................................. 14 

4.1.9.1. Charles River Laboratories Preclinical Services................................... 14 
4.1.10. Report Preparation .................................................................................... 14 
4.1.11. Report Review .......................................................................................... 14 
4.1.12. Date Protocol Signed ................................................................................ 14 
4.1.13. Dates of Technical Performance ............................................................... 14 

4.1.13.1. Main Study ........................................................................................ 15 
4.1.13.2. Extension Study ................................................................................ 15 

4.1.14. Records Maintained .................................................................................. 15 
4.2. Test Substance and Vehicle Information .......................................................... 16 

4.2.1. Special Handling Instructions ................................................................... 16 
4.2.2. Analysis of Activity/Purity ....................................................................... 17 
4.2.3. Test Substance and Vehicle Preparation and Storage Conditions ............ 17 
4.2.4. Analytical Results ..................................................................................... 17 

4.3. Test System ....................................................................................................... 17 
4.3.1. Species/Strain ............................................................................................ 17 
4.3.2. Supplier (Source) ...................................................................................... 17 
4.3.3. Sex............................................................................................................. 17 
4.3.4. Rationale for Test System ......................................................................... 18 
4.3.5. Test System Data ...................................................................................... 18 

4.3.5.1. Main Study ............................................................................................ 18 
4.3.5.2. Extension Study .................................................................................... 18 

4.3.6. Method of Randomization ........................................................................ 18 
4.3.6.1. Main Study ............................................................................................ 18 
4.3.6.2. Extension Study .................................................................................... 19 

4.3.7. System of Identification ............................................................................ 19 

Testing Facility Study No. UZS00009Daikin Industries, LTD

7 of 214



  

4.4. Husbandry ......................................................................................................... 19 
4.4.1. Research Facility Registration .................................................................. 19 
4.4.2. Study Room .............................................................................................. 19 
4.4.3. Housing ..................................................................................................... 19 
4.4.4. Light .......................................................................................................... 19 
4.4.5. Sanitization ............................................................................................... 20 
4.4.6. Feed ........................................................................................................... 20 
4.4.7. Feed Analysis ............................................................................................ 20 
4.4.8. Water ......................................................................................................... 20 
4.4.9. Water Analysis .......................................................................................... 20 

4.5. Methods............................................................................................................. 21 
4.5.1. Dosage Administration ............................................................................. 21 
4.5.2. Rationale for Dosage Selection ................................................................. 21 
4.5.3. Route and Rationale for Route of Administration .................................... 21 
4.5.4. Method and Frequency of Administration ................................................ 22 
4.5.5. Method of Study Performance .................................................................. 22 
4.5.6. Scheduled Sacrifice and Blood Collection ............................................... 22 

4.5.6.1. Main Study ............................................................................................ 22 
4.5.6.2. Extension Study .................................................................................... 23 

4.5.7. Data Collection and Statistical Analyses .................................................. 23 
5. RESULTS ................................................................................................................. 23 

5.1. Mortality and Clinical Observations ................................................................. 23 
5.2. Body Weights.................................................................................................... 23 
5.3. Pharmacokinetics .............................................................................................. 23 

6. DISCUSSION AND CONCLUSION ...................................................................... 24 
7. REFERENCES ......................................................................................................... 25 

 

Testing Facility Study No. UZS00009Daikin Industries, LTD

8 of 214



  

LIST OF TABLES 
 

Table  1. Clinical Observations - Summary .................................................................26 
 
Table  2. Body Weights - Summary .............................................................................27 
 
Table  3. Clinical Observations - Individual Data .......................................................28 
 
Table  4. Body Weights - Individual Data ...................................................................31 
 

Testing Facility Study No. UZS00009Daikin Industries, LTD

9 of 214



  

LIST OF APPENDICES 
 
APPENDIX 1 - PROTOCOL ..........................................................................................34 
 
APPENDIX 2 - CERTIFICATE OF ANALYSIS ...........................................................84 
 
APPENDIX 3 - ANALYTICAL REPORT .....................................................................87 
 
APPENDIX 4 - PHARMACOKINETIC ANALYSIS REPORT .................................117 
 
APPENDIX 5 - BIOANALYTICAL REPORT ............................................................143 
 
APPENDIX 6 - ENVIRONMENTAL AND HUSBANDRY REPORTS ....................178 
 

 

Testing Facility Study No. UZS00009Daikin Industries, LTD

10 of 214



  

 
3. SUMMARY AND CONCLUSION 
 
3.1. Purpose 
 
The study was designed to evaluate the toxicity of acute exposure of Crl:CD1(ICR) 
female mice to PFH Ammonium Salt (Ammonium salt of Perflourinated Hexanoic Acid). 
 
The study was extended in order to analyze the test substance levels in the livers of 
Crl:CD1(ICR) female mice. 
 
3.2. Methodsa

 
 

Sixty three female Crl:CD(1CR) mice were randomly assigned to three dosage 
groups (Groups I through III), twenty one mice per group.  Solutions of the test substance 
(PFH Ammonium Salt) and vehicle (Reverse osmosis deionized water) were 
administered orally via gavage once to these mice on Day 1 of study (DS 1) at doses of 
35, 175 and 350 mg/kg/day, the dose volume was 5 mL/kg.   
 
An additional six Crl:CD(1CR) (2 per group) mice were assigned to study for a study 
extension to determine the levels of the test substance in the livers.  Extension study mice 
were administered the test substance once, at the dosage levels described above. 
 
Checks for viability were made at least twice daily.  Clinical observations were recorded 
prior to dosage administration and prior to sacrifice.  Body weights were recorded weekly 
during the acclimation period and once on the day of dosage administration (for main 
study mice only). 
 
All main study mice were sacrificed [by carbon dioxide asphyxiation] according to the 
blood sample collection timepoints and discarded without further evaluation. 
 
On the day of dosage administration, blood samples were collected from three mice per 
group at each timepoint for main study mice.  Samples were collected prior to dosage and 
at approximately 30 minutes, 2, 4, 6, 8 and 24 hours postdosage.  Blood was collected 
from the vena cava after sacrifice.  The samples were transferred into un-coated red top 
tubes and spun in a centrifuge.  The resulting serum was transferred into appropriately 
labeled polypropylene tubes and immediately frozen on dry ice and maintained frozen 
until shipment for analysis. 
 
Extension study mice were sacrificed two hours (± 10 minutes) after dosage 
administration, livers were excised for analysis. 
 

                                                 
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 1 
(PROTOCOL). 
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4. DESCRIPTION OF TEST PROCEDURES 
 
4.1. Conduct of Study 
 
4.1.1. Sponsor 
 
Daikin Industries, LTD, Chemical Division, Umeda Center Building, 4-12 Nakazaki-

Nishi, 2-chrome, Kita-ku, Osaka 530-8323, JAPAN 
 
4.1.2. Testing Facility 
 
Charles River Laboratories Preclinical Services, 905 Sheehy Drive, Building A, 
Horsham, PA  19044, USA 
 
4.1.3. Study Number 
 
UZS00009 
 
4.1.4. Purpose of the Study 
 
The study was designed to evaluate the toxicity of acute exposure of Crl:CD1(ICR) 
female mice to PFH Ammonium Salt (Ammonium salt of Perflourinated Hexanoic Acid). 
 
The study was extended in order to analyze the test substance levels in the livers of 
Crl:CD1(ICR) female mice. 
 
4.1.5. Study Design 
 
This study was conducted in compliance with the Good Laboratory Practice (GLP) 
regulations of the U.S. Environmental Protection Agency1, the Ministry of Agriculture, 
Forestry and Fisheries2 and the Organisation for Economic Co-operation and 
Development3.  The bioanalysis and analytical portion of the study were conducted in 
accordance with the appropriate OECD Principles of GLP (ENV/MC/CHEM(98)17). 
 
4.1.6. Ownership of the Study 
 
The Sponsor owns the study.  All raw data, analyses, reports and preserved tissues are the 
property of the Sponsor. 
 
4.1.7. Study Monitor 
 

 (Daikin Industries, Ltd., 1-1 Nishi Hitotsuya, Settsu City, 
Osaka, 566-8585, JAPAN) 
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4.1.8. Study Director 
 

, Ph.D., DABT, Fellow ATS (Executive Director, Site Operations 
and Toxicology) 

Address as cited previously for Testing Facility. 
 
4.1.9. Technical Performance 
 
4.1.9.1. Charles River Laboratories Preclinical Services 
 
4.1.9.1.1.Pennsylvania, USA 
 

 

 
 

 
4.1.9.1.2.Montreal, CANADA 
 

 

 

 
 
4.1.10. Report Preparation 
 

  

 
 
4.1.11. Report Review 
 

 
 
4.1.12. Date Protocol Signed 
 
20 May 2009 
 
4.1.13. Dates of Technical Performance 
 
Mouse Arrival 19 MAY 2009 
Experimental Start Date (OECD) 26 MAY 2009 
Experimental Start Date (EPA) 27 MAY 2009 
Experimental Termination/Completion Date 05 MAR 2010 
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4.1.13.1. Main Study 
 
Acute Dosage Administration 27 MAY 2009 
Blood Sample Collection and  

Scheduled Sacrifice 27 MAY 2009 - 28 MAY 2009 
 
4.1.13.2. Extension Study 
 
Mice Transferred 09 NOV 2009 
Acute Dosage Administration 12 NOV 2009 
Sample Collection and  

Scheduled Sacrifice 12 NOV 2009 
 
4.1.14. Records Maintained 
 
The original report, raw data and reserve samples of the bulk test substance and bulk 
vehicle are retained in the archives of the Testing Facility.  All unused test substance 
formulations were discarded at the Testing Facility.  Backup samples will be discarded at 
the Testing Facility following issue of the final report.  One of the two containers of the 
bulk test substance was transferred to Charles River Laboratories - Montreal, CANADA 
for analysis on 23 April 2009 and documented in the raw data.  The remaining test 
substance will be retained at the Testing Facility for future studies and documented in the 
raw data. 
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4.2. Test Substance and Vehicle Information 
 

Test  Substance Information 
Name PFH Ammonium Salt (C-1500N)a Description Colorless liquid 
Storage Room temperature Supplier Sponsor 

Lot Number Date Received Expiration Date 
7005 22 APR 2009 31 JUL 2010 

Vehicle Information 
R.O. Deionized Waterb c 
a. Also known as: PFH Ammonium Salt (Ammonium salt of Perflourinated Hexanoic Acid) 
b. R.O. deionized water is an abbreviation used for reverse osmosis membrane processed deionized water. 
c. R.O. deionized water is available from a continuous source at the Testing Facility and is maintained 
 at room temperature. 

Sampling 
Bulk Test Substance 
Sample Size:  10 mL 

Date Sampled Date Shipped Recipient Shipping Conditions 
27 MAY 2009 27 MAY 2009 Montreal, CANADAa Ambient temperature 

Bulk Test Substance Reserve 
Sample Size:  5 mL 

Date Sampled Storage Condition Date Archived 

25 MAY 2009 Room temperature 05 JUN 2009 
Bulk Vehicle Reserve 

Sample Size:  5 mL 
Date Sampled Storage Conditions Date Archived 
25 MAY 2009 Room temperature 05 JUN 2009 

Concentration, Homogeneity and Stabilityb 

Sample Size:  2 mL 
Date Sampled Date Shipped Recipient Shipping Conditions Purpose 

26 MAY 2009 27 MAY 2009 Montreal, 
CANADAa 

Ambient 
temperature 

Stability, 
Concentration and 

Homogeneity 
a. Charles River Laboratories - Montreal, CANADA 
b. Quadruplicate samples were taken from the top, middle and bottom of each concentration 24 hours or 

more after preparation, and no more than 24 hours before dosing.  Two samples from each quadruplicate 
set were shipped for analysis; the remaining samples were retained at the Testing Facility as backup 
samples (room temperature).  Stability of the prepared test substance formulations were documented 
during the study in conjunction with the concentration analysis.  Stability was determined for the lowest, 
intermediate and highest concentrations after storage at room temperature for at least 10 days. 

 
4.2.1. Special Handling Instructions 
 
Gloves, dust-mist/HEPA-filtered mask, appropriate eye protection and protective clothing 
were worn during formulation preparation and dosage administration. 
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4.2.2. Analysis of Activity/Purity 
 
The test substance was considered 95% by weight of PFH acid for the purpose of dosage 
calculations. 
 
The test substance is a marketed product and characterized by its labeling.  Information to 
document or certify the identity, composition, strength and activity/purity of the test 
substance was provided by the Sponsor to the Testing Facility.  A Certificate of Analysis 
is available in APPENDIX 2.  The Certificate of Analysis was not in compliance with the 
GLPs listed in this report. 
 
Neither the Sponsor nor the Study Director was aware of any potential contaminants 
likely to have been present in the vehicle that would have interfered with the results of 
this study. 
 
4.2.3. Test Substance and Vehicle Preparation and Storage Conditions 
 
Solutions of the test substance were prepared once at the Testing Facility and used within 
48 hours of preparation.  Prepared formulations were stirred continuously for 24 hours 
prior to dosage administration and stored at room temperature.  The vehicle (R.O. water) 
was available from a continuous source at the Testing Facility and maintained at room 
temperature. 
 
4.2.4. Analytical Results 
 
All study samples analyzed for concentration were within the acceptance criteria of ±10% 
of their target values.  For homogeneity, the relative standard deviation of the grand mean 
for all locations was ≤ 5% for all groups.  For each group, all stability samples analyzed 
were within ±10% of the initial concentrations analysis.  Results of concentration, 
homogeneity and stability analyses are available in APPENDIX 3. 
 
4.3. Test System 
 
4.3.1. Species/Strain 
 
Mouse / Crl:CD1(ICR) 
 
4.3.2. Supplier (Source) 
 
Charles River Laboratories, Inc., Kingston, NY, USA 
 
4.3.3. Sex 
 
Female mice. 
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4.3.4. Rationale for Test System 
 
The Crl:CD1(ICR) mouse was selected as the Test System because:  1) this strain of 
mouse has been demonstrated to be sensitive to reproductive and developmental toxicants 
and has been widely used throughout industry for reproductive and developmental 
toxicity evaluations; 2) historical data and experience exist at the Testing Facility. 
 
4.3.5. Test System Data 
 
4.3.5.1. Main Study 
 
Number of Mice Acclimated 75 
Number of Mice Assigned to Study 63 
Approximate Date of Birth 19 MAR 2009 
Approximate Age at Arrival 62 days 
Weight (g) the Day after Arrival 22. 2 - 28.7 
Weight (g) at Study Assignment 24.6 - 28.9 
 
4.3.5.2. Extension Study 
 
Number of Mice Acclimated 6 
Number of Mice Assigned to Study 6 
Weight (g) at Dosage Administration 32.3 - 37.0 
 
4.3.6. Method of Randomization 
 
4.3.6.1. Main Study 
 
Upon arrival, female mice were assigned to individual housing on the basis of computer-
generated random units.  Female mice were assigned to study groups using a second 
computer-generated (weight-ordered) randomization procedure on the day before dosing 
after at least five days of acclimation. 
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4.3.6.2. Extension Study 
 
Upon transfer from the Testing Facility General Population, female mice were assigned 
to individual housing on the basis of computer-generated random units.  Female mice 
were assigned to study groups using a second computer-generated (weight-ordered) 
randomization procedure on the day before dosing. 
 
4.3.7. System of Identification 
 
Mice were permanently identified by tail tattoo according to the Standard Operating 
Procedures of the Testing Facility.  Female mice were given unique permanent 
identification numbers when assigned to the study based on body weights recorded on the 
day before dosage administration at the Testing Facilitya

 
. 

4.4. Husbandry 
 
4.4.1. Research Facility Registration 
 
USDA Registration No. 14-R-0144 under the Animal Welfare Act, 7 U.S.C. 2131 et seq. 
 
4.4.2. Study Room 
 
The study room was 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.  Room temperature and humidity 
were monitored constantly throughout the study.  Room temperature was targeted at 64°F 
to 79°F (18°C to 26°C); relative humidity was targeted at 30% to 70%b

 
. 

4.4.3. Housing 
 
Mice were individually housed in stainless steel, wire-bottomed cages.  All cage sizes 
and housing conditions were in compliance with the Guide for the Care and Use of 
Laboratory Animals(4). 
 
4.4.4. Light 
 
An automatically controlled 12-hours light:12-hours dark fluorescent light cycle was 
maintained.  Each dark period began at 1900 hours (± 30 minutes). 
 

                                                 
a. Mice body weights were not recorded on the day of arrival, 19 May 2009.  This 

deviation did not adversely affect the outcome or interpretation of the study 
because the mice were appropriately identified based on body weights recorded 
on the day before dosage.   

b. See APPENDIX 6 (ENVIRONMENTAL AND HUSBANDRY REPORTS). 
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4.4.5. Sanitization 
 
Cage pan liners were changed as often as necessary.  Cages were changed twice. 
 
4.4.6. Feed 
 
Mice were given ad libitum access to Certified Rodent Diet #5002 checkers (PMI 
Nutrition International, St. Louis, MO, USA) in individual feeders. 
 
4.4.7. Feed Analysis 
 
Analyses were routinely performed by the feed supplier.  No contaminants at levels 
exceeding the maximum concentration limits 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 APPENDIX 6 and the raw data.  Neither the Sponsor 
nor the Study Director was aware of any potential contaminants likely to have been 
present in the feed that would have interfered with the results of this study. 
 
4.4.8. Water 
 
Local water that had been processed by passage through a reverse osmosis membrane 
(R.O. water) was available to the mice ad libitum from an automatic watering access 
system and individual water bottles attached to the cages.  Chlorine was added to the 
processed water as a bacteriostat. 
 
4.4.9. Water Analysis 
 
The processed water is analyzed twice annually for possible chemical contamination 
(Lancaster Laboratories, Lancaster, PA, USA) and monthly for possible bacterial 
contamination (QC Laboratories, Southampton, PA, USA).  Copies of the results of the 
water analyses are available in APPENDIX 6 and the raw data.  Neither the Sponsor nor 
the Study Director was aware of any potential contaminants likely to have been present in 
the water that would have interfered with the results of this study. 
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4.5. Methods 
 
4.5.1. Dosage Administration 
 

Dosage 
Group 

Number of 
Mice 

Dosage 
(mg/kg/day) 

Concentration 
(mg/mL) 

Dosage Volume 
(mL/kg) Mouse Number 

I 21 35 7 5 3000a, 3001b, 3002c, 1204 - 1221 
II 21 175 35 5 1222 - 1242 
III 21 350 70 5 1243 - 1263 

The test substance was considered 95% by weight of PFH acid for dosage calculations. 
a. Mouse 1201 was excluded from study due to insufficient blood volume being collected during the 

predosage period and replaced with 3000 on 27 May 2009. 
b. Mouse 1202 was excluded from study due to insufficient blood volume being collected during the 

predosage period and replaced with 3001 on 27 May 2009. 
c. Mouse 1203 was excluded from study due to insufficient blood volume being collected during the 

predosage period and replaced with 3002 on 27 May 2009. 
 
4.5.2. Rationale for Dosage Selection 
 
Perfluorobutyrate (PFBA) is a perfluoroalkyl acid (PFAA) found in the environment.  
Previous studies have indicated developmental toxicity of PFAAs (perfluorooctane 
sulfonate [PFOS] and perfluorooctanoate [PFOA]).  PFBA/NH4

+ was given to timed-
pregnant CD-1 mice by oral gavage daily from gestation day (DG) 1 to 17 at 35, 175 and 
350 mg/kg; controls received water.  At DG 18, serum levels of PFBA were 3.8, 4.4 and 
2.5 μg/mL, respectively, in the three treated groups.  PFBA did not significantly affect 
maternal weight gain, number of implantations, fetal viability, fetus weight, or incidence 
of fetal malformations.  Incidence of full-litter loss was significantly greater in the 
350 mg/kg group, and maternal liver weights were significantly increased in the 175 and 
350 mg/kg groups.  In contrast to PFOA, and PFOS, PFBA exposure during pregnancy 
did not adversely affect neonatal survival or postnatal growth.  Liver enlargement was 
detected in the PFBA-exposed pups on postnatal (PD) 1, but not by PD 10.  Expression of 
selected hepatic genes in PFBA-exposed pups at PD 1 did not reveal any significant 
changes from controls.  A significant delay in eye-opening in offspring was detected in 
all three PFBA groups, and slight delays in the onset of puberty were noted in the 175 
and 350 mg/kg groups.  These data suggest that exposure to PFBA during pregnancy in 
the mouse did not produce developmental toxicity comparable to that observed with 
PFOA, in part, due to rapid elimination of the chemical(5).  Based on the results of this 
study, dosages of 35, 175 and 350 mg/kg/day were selected for the acute pharmacokinetic 
study. 
 
4.5.3. Route and Rationale for Route of Administration 
 
The oral (gavage) 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 possible route of 
human exposure. 
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4.5.4. Method and Frequency of Administration 
 
Female mice were given the test substance and/or the vehicle once and the dosage was 
adjusted for the weight on that day. 
 
4.5.5. Method of Study Performance 
 
Mice were observed for viability at least twice daily and for clinical observations and 
general appearance weekly during the acclimation period.  The mice were also examined 
for clinical observations prior to dosage administration and prior to sacrifice.  Body 
weights were recorded weekly during the acclimation period and once on the day of 
dosage administration (for main study mice only). 
 
4.5.6. Scheduled Sacrifice and Blood Collection 
 
4.5.6.1. Main Study 
 
Mice were sacrificed [by carbon dioxide asphyxiation] according to the blood sample 
collection timepoints and discarded without further evaluation. 
 
On the day of dosage administration, blood samples (0.3 mL to 0.5 mLa

 

) were collected 
from three mice per group at each timepoint.  Samples were collected prior to dosage and 
at approximately 30 minutes, 2 hours, 4 hours, 6 hours, 8 hours and 24 hours postdosage.  
The time of each blood collection was recorded in the raw data. 

Blood was collected from the vena cava after sacrifice.  The samples were transferred 
into un-coated red top tubes and spun in a 4oC centrifuge for 10 minutes at 3500 RPM.  
The resulting serum was transferred into polypropylene tubes labeled at minimum with 
the protocol number, mouse number, group number, dosage level, day of study, 
collection interval, date of collection, species, generation and storage conditions.  All 
samples were immediately frozen on dry ice and maintained frozen (≤-60°C) until 
shipment for analysis (on dry ice) to Charles River Laboratories - Montreal, CANADA.  
Results of the pharmacokinetic and bioanalytical analysis are available in 
APPENDICES 4 and 5. 
 

                                                 
a. During the 2 hour postdosage period, mouse 1208 (Group I) had 0.3 mL of blood 

collected; during the 4 hour postdosage period, mouse 1233 (Group II) had 0.3 mL of 
blood collected; during the 8 hour postdosage period, mouse 1259 (Group III) had 
0.4 mL of blood collected; during the 4 hour postdosage period, mouse 1211 
(Group I) had 0.4 mL of blood collected; and during the 4 hour postdosage period, 
mouse 1252 (Group III) had 0.4 mL of blood collected.  These deviations did not 
adversely affect the outcome or interpretation of the study because sufficient blood 
was collected for analysis. 
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4.5.6.2. Extension Study 
 
Two hours (± 10 minutes) after dosage administration [mice were sacrificed by carbon 
dioxide asphyxiation], livers were excised and retained frozen (≤ -70oC) from all mice 
after sacrifice.  The time of each liver collection was documented in the raw data. 
 
Liver samples were shipped (on dry ice) to Charles River Laboratories Preclinical 
Services, Montreal. 
 
Liver samples were analyzed using a non-validated LC-MS/MS for determination of 
suitable analytical range. 
4.5.7. Data Collection and Statistical Analyses 
 
Averages were calculated. 

Data generated during the course of this study were recorded either by hand or using the 
Argus Automated Data Collection and Management System and the Vivarium 
Temperature and Relative Humidity Monitoring System.  All data were tabulated and 
summarized using the Argus Automated Data Collection and Management System, the 
Vivarium Temperature and Relative Humidity Monitoring System and Quattro Pro 8. 
 
5. RESULTS 
 
5.1. Mortality and Clinical Observations 

(Summary - Table 1; Individual Data - Table 3) 
 
All mice survived until scheduled sacrifice. 
 
No adverse clinical observations occurred during the study. 
 
5.2. Body Weights 

(Summary - Table 2; Individual Data - Table 4) 
 
Body weights on day 1 of study (DS 1) were comparable among the three dosage groups. 
 
5.3. Pharmacokinetics 

(APPENDIX 4) 
 
The serum concentrations of PFHxA were not quantifiable in predosage samples in any 
of the groups.  In the 35 mg/kg dose group, no PFHxA could be quantified after 6 hours.  
In the 175 and 350 mg/kg dose groups, the mean concentration of PFHxA was below the 
LLOQ at 24 hours postdosage, but one individual mouse in each group had quantifiable 
levels at 24 hours. 
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6. DISCUSSION AND CONCLUSION 
 
Perfluorobutyrate (PFBA) is a perfluoroalkyl acid (PFAA) found in the environment.  
Previous studies have indicated developmental toxicity of PFAAs (perfluorooctane 
sulfonate [PFOS] and perfluorooctanoate [PFOA]).  PFBA/NH4

+ was given to timed-
pregnant CD-1 mice by oral gavage daily from gestation day (DG) 1 to 17 at 35, 175 and 
350 mg/kg; controls received water.  At DG 18, serum levels of PFBA were 3.8, 4.4 and 
2.5 μg/mL, respectively, in the three treated groups.  PFBA did not significantly affect 
maternal weight gain, number of implantations, fetal viability, fetus weight, or incidence 
of fetal malformations.  Incidence of full-litter loss was significantly greater in the 
350 mg/kg group, and maternal liver weights were significantly increased in the 175 and 
350 mg/kg groups.  In contrast to PFOA, and PFOS, PFBA exposure during pregnancy 
did not adversely affect neonatal survival or postnatal growth.  Liver enlargement was 
detected in the PFBA-exposed pups on postnatal (PD) 1, but not by PD 10.  Expression of 
selected hepatic genes in PFBA-exposed pups at PD 1 did not reveal any significant 
changes from controls.  A significant delay in eye-opening in offspring was detected in 
all three PFBA groups, and slight delays in the onset of puberty were noted in the 175 
and 350 mg/kg groups.  These data suggest that exposure to PFBA during pregnancy in 
the mouse did not produce developmental toxicity comparable to that observed with 
PFOA, in part, due to rapid elimination of the chemical(5,6).   

In this acute pharmacokinetic study, mice were administered a single dose at 35, 175 or 
350 mg/kg.  All mice survived to scheduled sacrifice, and no adverse clinical signs 
occurred during this study.  In the 35 mg/kg dose group, no PFHxA could be quantified 
after 6 hours.  In the 175 and 350 mg/kg dose groups, the mean concentration of PFHxA 
was below the LLOQ at 24 hours postdosage, but one individual mouse in each group 
had quantifiable levels at 24 hours. 
 
Based on these results, dosages of 7, 35 and 175 mg/kg/day were selected for the 
developmental and perinatal/postnatal reproduction toxicity study. 
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 PROTOCOL UZS00009:  ORAL (GAVAGE) ACUTE PHARMACOKINETIC STUDY OF PFH AMMONIUM SALT (AMMONIUM SALT OF PERFLOURINATED HEXANOIC  
                     ACID) IN MICE 
 
 TABLE  1 (PAGE  1):  CLINICAL OBSERVATIONS - SUMMARY 
 
------------------------------------------------------------------------------------------------------------------------------------ 
 DOSAGE GROUP                                     I                     II                    III                      
 DOSAGE (MG/KG/DAY)                              35                    175                    350                     
------------------------------------------------------------------------------------------------------------------------------------ 
 MAXIMUM POSSIBLE INCIDENCE                     24/ 21                 24/ 21                 24/ 21 
 
                                                                 NO ADVERSE FINDINGS                            
------------------------------------------------------------------------------------------------------------------------------------ 
 MAXIMUM POSSIBLE INCIDENCE = (DAYS x MICE)/NUMBER OF MICE EXAMINED PER GROUP 
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 PROTOCOL UZS00009:  ORAL (GAVAGE) ACUTE PHARMACOKINETIC STUDY OF PFH AMMONIUM SALT (AMMONIUM SALT OF PERFLOURINATED HEXANOIC  
                     ACID) IN MICE 
 
 TABLE  2 (PAGE  1):  BODY WEIGHTS - SUMMARY 
 
------------------------------------------------------------------------------------------------------------------------------------ 
 DOSAGE GROUP                                     I                     II                    III                      
 DOSAGE (MG/KG/DAY)                              35                    175                    350                     
------------------------------------------------------------------------------------------------------------------------------------ 
 MICE TESTED                  N                  21                     21                     21        
                                     
 BODY WEIGHT (G)              
                                     
     DAY   1              MEAN±S.D.          26.7 ±  1.3            26.5 ±  1.0            26.4 ±  1.2   
------------------------------------------------------------------------------------------------------------------------------------ 
 DAY = DAY OF STUDY 
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 PROTOCOL UZS00009:  ORAL (GAVAGE) ACUTE PHARMACOKINETIC STUDY OF PFH AMMONIUM SALT (AMMONIUM SALT OF PERFLOURINATED HEXANOIC  
                     ACID) IN MICE 
 
 TABLE  3 (PAGE  1):  CLINICAL OBSERVATIONS - INDIVIDUAL DATA 
 
------------------------------------------------------------------------------------------------------------------------------------ 
     DOSAGE GROUP I                LOW DOSAGE                          35 MG/KG/DAY 
------------------------------------------------------------------------------------------------------------------------------------ 
     MOUSE #                       DESCRIPTION 
------------------------------------------------------------------------------------------------------------------------------------ 
        3000                       NO ADVERSE FINDINGS                                                                               
        3001                       NO ADVERSE FINDINGS                                                                               
        3002                       NO ADVERSE FINDINGS                                                                               
        1204                       NO ADVERSE FINDINGS                                                                               
        1205                       NO ADVERSE FINDINGS                                                                               
        1206                       NO ADVERSE FINDINGS                                                                               
        1207                       NO ADVERSE FINDINGS                                                                               
        1208                       NO ADVERSE FINDINGS                                                                               
        1209                       NO ADVERSE FINDINGS                                                                               
        1210                       NO ADVERSE FINDINGS                                                                               
        1211                       NO ADVERSE FINDINGS                                                                               
        1212                       NO ADVERSE FINDINGS                                                                               
        1213                       NO ADVERSE FINDINGS                                                                               
        1214                       NO ADVERSE FINDINGS                                                                               
        1215                       NO ADVERSE FINDINGS                                                                               
        1216                       NO ADVERSE FINDINGS                                                                               
        1217                       NO ADVERSE FINDINGS                                                                               
        1218                       NO ADVERSE FINDINGS                                                                               
        1219                       NO ADVERSE FINDINGS                                                                               
        1220                       NO ADVERSE FINDINGS                                                                               
        1221                       NO ADVERSE FINDINGS                                                                               
------------------------------------------------------------------------------------------------------------------------------------ 
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 PROTOCOL UZS00009:  ORAL (GAVAGE) ACUTE PHARMACOKINETIC STUDY OF PFH AMMONIUM SALT (AMMONIUM SALT OF PERFLOURINATED HEXANOIC  
                     ACID) IN MICE 
 
 TABLE  3 (PAGE  2):  CLINICAL OBSERVATIONS - INDIVIDUAL DATA 
 
------------------------------------------------------------------------------------------------------------------------------------ 
     DOSAGE GROUP II               MIDDLE DOSAGE                       175 MG/KG/DAY 
------------------------------------------------------------------------------------------------------------------------------------ 
     MOUSE #                       DESCRIPTION 
------------------------------------------------------------------------------------------------------------------------------------ 
        1222                       NO ADVERSE FINDINGS                                                                               
        1223                       NO ADVERSE FINDINGS                                                                               
        1224                       NO ADVERSE FINDINGS                                                                               
        1225                       NO ADVERSE FINDINGS                                                                               
        1226                       NO ADVERSE FINDINGS                                                                               
        1227                       NO ADVERSE FINDINGS                                                                               
        1228                       NO ADVERSE FINDINGS                                                                               
        1229                       NO ADVERSE FINDINGS                                                                               
        1230                       NO ADVERSE FINDINGS                                                                               
        1231                       NO ADVERSE FINDINGS                                                                               
        1232                       NO ADVERSE FINDINGS                                                                               
        1233                       NO ADVERSE FINDINGS                                                                               
        1234                       NO ADVERSE FINDINGS                                                                               
        1235                       NO ADVERSE FINDINGS                                                                               
        1236                       NO ADVERSE FINDINGS                                                                               
        1237                       NO ADVERSE FINDINGS                                                                               
        1238                       NO ADVERSE FINDINGS                                                                               
        1239                       NO ADVERSE FINDINGS                                                                               
        1240                       NO ADVERSE FINDINGS                                                                               
        1241                       NO ADVERSE FINDINGS                                                                               
        1242                       NO ADVERSE FINDINGS                                                                               
------------------------------------------------------------------------------------------------------------------------------------ 
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 PROTOCOL UZS00009:  ORAL (GAVAGE) ACUTE PHARMACOKINETIC STUDY OF PFH AMMONIUM SALT (AMMONIUM SALT OF PERFLOURINATED HEXANOIC  
                     ACID) IN MICE 
 
 TABLE  3 (PAGE  3):  CLINICAL OBSERVATIONS - INDIVIDUAL DATA 
 
------------------------------------------------------------------------------------------------------------------------------------ 
     DOSAGE GROUP III              HIGH DOSAGE                         350 MG/KG/DAY 
------------------------------------------------------------------------------------------------------------------------------------ 
     MOUSE #                       DESCRIPTION 
------------------------------------------------------------------------------------------------------------------------------------ 
        1243                       NO ADVERSE FINDINGS                                                                               
        1244                       NO ADVERSE FINDINGS                                                                               
        1245                       NO ADVERSE FINDINGS                                                                               
        1246                       NO ADVERSE FINDINGS                                                                               
        1247                       NO ADVERSE FINDINGS                                                                               
        1248                       NO ADVERSE FINDINGS                                                                               
        1249                       NO ADVERSE FINDINGS                                                                               
        1250                       NO ADVERSE FINDINGS                                                                               
        1251                       NO ADVERSE FINDINGS                                                                               
        1252                       NO ADVERSE FINDINGS                                                                               
        1253                       NO ADVERSE FINDINGS                                                                               
        1254                       NO ADVERSE FINDINGS                                                                               
        1255                       NO ADVERSE FINDINGS                                                                               
        1256                       NO ADVERSE FINDINGS                                                                               
        1257                       NO ADVERSE FINDINGS                                                                               
        1258                       NO ADVERSE FINDINGS                                                                               
        1259                       NO ADVERSE FINDINGS                                                                               
        1260                       NO ADVERSE FINDINGS                                                                               
        1261                       NO ADVERSE FINDINGS                                                                               
        1262                       NO ADVERSE FINDINGS                                                                               
        1263                       NO ADVERSE FINDINGS                                                                               
------------------------------------------------------------------------------------------------------------------------------------ 
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 PROTOCOL UZS00009:  ORAL (GAVAGE) ACUTE PHARMACOKINETIC STUDY OF PFH AMMONIUM SALT (AMMONIUM SALT OF PERFLOURINATED HEXANOIC  
                     ACID) IN MICE 
 
 TABLE  4 (PAGE  1):  BODY WEIGHTS - INDIVIDUAL DATA 
 
------------------------------------------------------------------------------------------------------------------------------------ 
  MOUSE #         DOSAGE GROUP I                 LOW DOSAGE                          35 MG/KG/DAY 
------------------------------------------------------------------------------------------------------------------------------------ 
               DAY  1 
------------------------------------------------------------------------------------------------------------------------------------ 
     3000         24.0                                                                                                               
     3001         29.0                                                                                                               
     3002         24.0                                                                                                               
     1204         26.5                                                                                                               
     1205         25.2                                                                                                               
     1206         28.3                                                                                                               
     1207         26.5                                                                                                               
     1208         26.3                                                                                                               
     1209         25.1                                                                                                               
     1210         28.0                                                                                                               
     1211         26.5                                                                                                               
     1212         27.0                                                                                                               
     1213         25.8                                                                                                               
     1214         27.9                                                                                                               
     1215         26.2                                                                                                               
     1216         26.7                                                                                                               
     1217         27.6                                                                                                               
     1218         27.5                                                                                                               
     1219         26.9                                                                                                               
     1220         27.4                                                                                                               
     1221         27.5                                                                                                               
------------------------------------------------------------------------------------------------------------------------------------ 
 DAY = DAY OF STUDY 
 ALL WEIGHTS WERE RECORDED IN GRAMS (G). 
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 PROTOCOL UZS00009:  ORAL (GAVAGE) ACUTE PHARMACOKINETIC STUDY OF PFH AMMONIUM SALT (AMMONIUM SALT OF PERFLOURINATED HEXANOIC  
                     ACID) IN MICE 
 
 TABLE  4 (PAGE  2):  BODY WEIGHTS - INDIVIDUAL DATA 
 
------------------------------------------------------------------------------------------------------------------------------------ 
  MOUSE #         DOSAGE GROUP II                MIDDLE DOSAGE                       175 MG/KG/DAY 
------------------------------------------------------------------------------------------------------------------------------------ 
               DAY  1 
------------------------------------------------------------------------------------------------------------------------------------ 
     1222         25.0                                                                                                               
     1223         29.5                                                                                                               
     1224         26.9                                                                                                               
     1225         26.0                                                                                                               
     1226         26.6                                                                                                               
     1227         27.2                                                                                                               
     1228         26.4                                                                                                               
     1229         25.5                                                                                                               
     1230         25.2                                                                                                               
     1231         27.9                                                                                                               
     1232         26.2                                                                                                               
     1233         26.4                                                                                                               
     1234         26.0                                                                                                               
     1235         26.8                                                                                                               
     1236         26.8                                                                                                               
     1237         26.8                                                                                                               
     1238         26.1                                                                                                               
     1239         27.2                                                                                                               
     1240         25.6                                                                                                               
     1241         26.2                                                                                                               
     1242         25.7                                                                                                               
------------------------------------------------------------------------------------------------------------------------------------ 
 DAY = DAY OF STUDY 
 ALL WEIGHTS WERE RECORDED IN GRAMS (G). 
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 PROTOCOL UZS00009:  ORAL (GAVAGE) ACUTE PHARMACOKINETIC STUDY OF PFH AMMONIUM SALT (AMMONIUM SALT OF PERFLOURINATED HEXANOIC  
                     ACID) IN MICE 
 
 TABLE  4 (PAGE  3):  BODY WEIGHTS - INDIVIDUAL DATA 
 
------------------------------------------------------------------------------------------------------------------------------------ 
  MOUSE #         DOSAGE GROUP III               HIGH DOSAGE                         350 MG/KG/DAY 
------------------------------------------------------------------------------------------------------------------------------------ 
               DAY  1 
------------------------------------------------------------------------------------------------------------------------------------ 
     1243         25.0                                                                                                               
     1244         27.6                                                                                                               
     1245         26.9                                                                                                               
     1246         26.7                                                                                                               
     1247         24.0                                                                                                               
     1248         28.0                                                                                                               
     1249         25.7                                                                                                               
     1250         25.9                                                                                                               
     1251         24.9                                                                                                               
     1252         27.0                                                                                                               
     1253         27.0                                                                                                               
     1254         26.8                                                                                                               
     1255         24.4                                                                                                               
     1256         27.7                                                                                                               
     1257         27.0                                                                                                               
     1258         26.8                                                                                                               
     1259         25.6                                                                                                               
     1260         27.6                                                                                                               
     1261         25.2                                                                                                               
     1262         27.3                                                                                                               
     1263         26.6                                                                                                               
------------------------------------------------------------------------------------------------------------------------------------ 
 DAY = DAY OF STUDY 
 ALL WEIGHTS WERE RECORDED IN GRAMS (G). 
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Amendment 2 
 
Oral (Gavage) Acute Pharmacokinetic Study of PFH Ammonium Salt (Ammonium 

salt of Perflourinated Hexanoic Acid) in Mice 
 

Charles River Laboratories Study No. UZS00009 
 
Item No. 1. 
 
Protocol Section: Regulatory Compliance (Page 6 of the protocol) 
 
Change:   A process audit, rather than a critical phase inspection, will be 

performed for analysis of the bulk test substance. 
 
Justification:   This change is being made to clarify the type of auditing that will be 

performed for the bulk test substance analysis. 
 
Item No. 2. 
 
Protocol Section: Bulk Test Substance Stability (Page 9 of the protocol) 
 
Change:   Stability will be assessed by normalization purity by HPLC and the 

value compared to the purity identified on the Certificate of Analysis.  
A report will be generated for this phase of the study and provided to 
the Study Director for inclusion in the final report. 

 
Justification:   This change is being made to describe how analysis of the bulk test 

substance will be performed and to clarify that the phase report will be 
provided and included in the final report for the study. 
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Amendment 3 
 

Oral (Gavage) Acute Pharmacokinetic Study of PFH Ammonium Salt  
(Ammonium salt of Perflourinated Hexanoic Acid) in Mice 

 
Charles River Laboratories Study No. UZS00009 
 
Item No. 1. 
 
Protocol Section: Pharmacokinetic Analysis Scientist (Page 5 of the protocol and 

citations throughout) 
 
Change:   The Principal Investigator for Pharmacokinetic Analysis will be  

Thanh Do. 
 

Principal Investigator:   
Research Scientist, Bioanalysis 
Charles River Preclinical and Clinical Services 
22022 Transcanadienne, Senneville 
Quebec H9X 3R3 
CANADA 
Tel: +1.514.630.8200 ext. 2224 
Fax:  

   
 
Justification:   The Principal Investigator for Pharmacokinetic Analysis was to be 

added by amendment. 
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Page 2 of 3 
Charles River Laboratories Study No. UZS00009 

Amendment 3 
 
 
Item No. 2. 
 
Protocol Section: Shipping Instructions (Page 15 of the protocol) 
 
Change:  The text in bold is being added to this section. 
 

Principal Investigator:   
 

d Clinical Services 
22022 Transcanadienne Senneville 
Montreal, Quebec H9X 3R3 
CANADA 
Custom Clearance: H. Kennedy Inc 
Tel: +1.514.630.8200 ext 8974 
Fax: +1.514.630.8200 
E-mail  

 
Justification:   The Principal Investigator was to be added by amendment. 
 
Item No. 3. 
 
Protocol Section: Pharmacokinetic Sample Analysis (Page 15 of the protocol) 
 
Change:  The samples will be analyzed at PCS-MTL using a validated LC-MS/MS 

method (PCS-MTL Study No. 141658).  The bioanalytical method will be 
validated to meet the minimum requirements of the appropriate PCS-MTL 
Standards Operating Procedures.  Remaining unused study samples will be 
retained at PCS-MTL for approximately 1 year after dispatch of the final 
report or until authorized to discard by the Study Director.  Incurred 
sample reanalysis (ISR) will be performed for this study as per the 
appropriate PCS-MTL SOP. 

 
Justification:    This change was to be added by amendment. 
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Page 1 

Protocol Amendment No. 4 

Oral (Gavage) Acute Pharmacokinetic Study of PFH Ammonium Salt 
(Ammonium salt of Perflourinated Hexanoic Acid) in Mice 

Testing Facility Study No. UZS00009 

1. Amendment 3, Item No. 3 
The samples will be analyzed at PCS-MTL using a validated LC-MS/MS method (PCS-MTL 
Study No. 141837).  The bioanalytical method will be validated to meet the minimum 
requirements of the appropriate PCS-MTL Standards Operating Procedures.  Remaining unused 
study samples will be retained at PCS-MTL for approximately 1 year after dispatch of the final 
report or until authorized to discard by the Study Director.  Incurred sample reanalysis (ISR) will 
be performed for this study as per the appropriate PCS-MTL SOP. 

Justification: 
The initial analytical method had inadequate analytical range for the analysis of the mouse serum 
samples.  Therefore, a new method was validated with a higher analytical range.  The validation 
number is being updated to reference the new method which will be used to analyze the mouse 
serum samples.
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Page 1 

Protocol Amendment No. 5 

Oral (Gavage) Acute Pharmacokinetic Study of PFH Ammonium Salt 
(Ammonium salt of Perflourinated Hexanoic Acid) in Mice 

Testing Facility Study No. UZS00009 
All procedures will be conducted as outlined in the original protocol except for the following 
changes regarding the study extension.

1. Section 3. Purpose 
The purpose of this study extension is to analyze the test substance levels in the livers of 
Crl:CD1(ICR) female mice. 

Justification: 
The purpose is being added to identify the study extension.  The study is being extended in order 
to attain the appropriate range for validation of the assay in the liver.  Additionally, this 
information may be used in determining dosage levels for the segment II/III toxicity study in 
mice. 

2. Section 11. Regulatory Compliance 
The extended portion of this study, designed for validation of the assay in the liver will be 
conducted using good scientific practices and according to the Standard Operating Procedures 
(SOPs) of the Testing Facility.  The Testing Facility Quality Assurance Unit (QAU) will not 
audit this portion of the study. 

Justification: 
The study extension will be conducted non-GLP. 

3. Section 17.2. Number 
Population selected for study extension: 6 female mice (2 per dosage group). 

Justification: 
This change identifies the number of mice assigned to the extension portion of the study. 
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Protocol Amendment No. 5 Page 2 
  Testing Facility Study No. UZS00009 
 

 

4. Section 17.4. Body Weight and Age 
Female mice will be approximately 180 days of age at transfer, at which time they will be 
expected to have body weights of 30 g to 50 g each.  Actual body weights and age will be 
recorded the day after transfer and documented in the raw data. 

Justification: 
This change identifies the body weight and age of the test system. 

5. Section 17.5. Source 
The mice will be transferred to study from the Testing Facility general population. 

Justification: 
This change identifies the source of the test system. 

6. Section 19. Randomization 
Upon transfer, female mice will be assigned to individual housing on the basis of computer-
generated random units.  Female mice will be assigned to study groups using a second computer-
generated (weight-ordered) randomization procedure on the day before dosing. 

Justification: 
This change identifies the randomization procedures for the extension study. 

7. Section 21.2 Clinical Observations and/or General Appearance 
Dosage Period: Prior to dosage administration.  Postdosage observations 

will be recorded prior to sacrifice. 
Justification: 
This change identifies clinical observations during the dosage period for the study extension. 

8. Section 21.5 Pharmacokinetic Sample Collection 
Two hours (± 10 minutes) after dosage administration, livers will be excised and retained 
frozen (≤ -70oC) from all mice after sacrifice.  The time of each liver collection will be 
documented in the raw data. 

Justification: 
This change identifies the pharmacokinetic sample collection. 
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Protocol Amendment No. 5 Page 3 
  Testing Facility Study No. UZS00009 
 

 

9. Section 21.6 Pharmacokinetic Sample Analysis 
Liver samples will be analyzed using a non-validated LC-MS/MS for determination of suitable 
analytical range. 

Justification: 
This change identifies the method of sample analysis. 

10. Section 22.1. Scheduled Sacrifice 
Mice will be sacrificed via carbon dioxide asphyxiation 2 hours ± 10 minutes after dosage 
administration.  Livers will be excised and stored frozen (≤ -70oC) until shipment for analysis.  
Carcasses will be discarded without further evaluation. 

The recipient will be notified in advance of sample shipment.  Sample will be shipped (on dry 
ice) to: 

Principal Investigator:   
Research Scientist, Bioanalysis 
Charles River Preclinical and Clinical Services 
22022 Transcanadienne, Senneville 
Quebec H9X 3R3 
CANADA 
Tel: +1.514.630.8200 ext. 2224 
Fax: +1.514.630.8230 
E-mail:   

Justification: 
This change identifies the endpoint of the study extension. 

11. Section 22.2. Mice Found Dead or Unscheduled Sacrifice 
Mice that die or are sacrificed before scheduled termination will be examined for the cause of 
death or condition as soon as possible after the observation is made.  The liver will be excised 
and retained frozen (≤ -70oC) until shipment for analysis.  Carcasses will be discarded without 
further evaluation. 

Justification: 
This change identifies the procedures for mice deceased before scheduled termination. 
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Protocol Amendment No. 5 Page 4 
  Testing Facility Study No. UZS00009 
 

 

12. Attachment 1 - Proposed Study Schedule 
 
 09 NOV 2009 Animals Transferred 
 
 11 NOV 2009 Dosage Administration 
 
 11 NOV 2009 Scheduled Sacrifice (Approximately 2 hours 

± 10 minutes postdosage) 
 
 16 NOV 2009 Shipment of Tissues. 
 
Justification: 
This change identifies the proposed study schedule. 
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FINAL REPORT 

Test Site Ref. No. 211053 
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3. SUMMARY 
The purpose of this study was to determine the concentration of Perfluorohexanoic acid (PFH) 
ammonium salt in dose formulations from Charles River Laboratories Study No. UZS00009 
titled “Oral (Gavage) Acute Pharmacokinetic Study of PFH Ammonium Salt (Ammonium Salt 
of Perfluorinated Hexanoic Acid) in Mice” by high performance liquid chromatography (HPLC). 

The method of analysis, documented in Analytical Procedure AP.211053.SL.02 for 
concentration determination was previously validated under Study No. 211052.  The method 
documented in Analytical Procedure AP.211053.PU.03, for bulk material purity and stability 
analysis was provided by the Sponsor.   

The study samples analyzed were within the acceptance criteria of ±10% of their nominal 
concentrations and the stability samples were within acceptance criteria of ±10% of their initial 
concentration.  For homogeneity, the relative standard deviation (RSD) for the formulation for 
each group was ≤ 5%.   

The bulk material was analyzed for purity and stability, and the result was compared to the purity 
value stated on the Certificate of Analysis (CoA) and was deemed acceptable since the 
percentage difference was within ±10% of the value indicated in the Certificate of Analysis. 
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4. INTRODUCTION 
A high performance liquid chromatographic (HPLC) method was used to determine the 
concentration of test article in dose formulations from Study No. UZS00009 titled “Oral 
(Gavage) Acute Pharmacokinetic Study of PFH Ammonium Salt (Ammonium Salt of 
Perfluorinated Hexanoic Acid) in Mice”. 

The method of analysis, documented in Analytical Procedure AP.211053.SL.02, was previously 
validated (Study No. 211052) and the method of analysis, documented in Analytical Procedure 
AP.211053.PU.03 was provided by the Sponsor. 

For the work detailed in this report, the study initiation date was 20 May 2009 (the signature date 
of the protocol) and the completion date is the signature date of the final report.  The 
experimental start date was 27 May 2009 and the experimental end date was 15 July 2009. 

5. REFERENCE STANDARD AND VEHICLE 

5.1. Reference Standard 
Identity: Perfluorohexanoic acid (PFH) C-1500N  
Lot number: 7005 
Purity: 47.4% (total purity) 
Expiry date: 31 Jul 2010 
Description: Clear colourless liquid 
Storage conditions: Room temperature, light 
Handling precautions: As per the material safety data sheets 
Supplier: Charles River Pennsylvania 

The reference standard characterization is the responsibility of the Sponsor who provided a 
Certificate of Analysis (Appendix 1) for inclusion in this study report.  The expiry date was 
provided by the Sponsor in a written correspondence. 

Details of identity, purity, storage conditions and handling precautions were supplied by the 
Sponsor.  Remaining reference standard was used on subsequent studies for the Sponsor. 

5.2. Vehicle 
Identity: Reverse osmosis deionized water 
Storage conditions: Room temperature 
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6. EXPERIMENTAL PROCEDURES 

6.1. Standard Stock Solutions 
Standard stock solutions of reference standard were prepared in diluent 
(acetonitrile:methanol:water (10:10:80, v/v/v) containing 0.1% (v/v) phosphoric acid) at a 
nominal concentration of 2.37 mg/mL. 

6.2. Standard Solutions 
Standard solutions of reference standard were prepared in diluent covering the nominal 
concentration range of 23.7 to 237 µg/mL. 

6.3. Spiked Samples 
Spiked samples were prepared in vehicle at nominal concentrations of 5.00 and 90.0 mg/mL.  
Each was diluted with diluent to give nominal concentrations of 80.0 and 180 µg/mL, 
respectively. 

6.4. Study Samples 
Formulation samples (top, middle and bottom) from study UZS00009 prepared on 25 May and 
sampled on 26 May 2009 were received at ambient temperature on 28 May 2009.  Samples were 
received for concentration, homogeneity determination and stability assessments.  The samples 
were stored at a target temperature of 4ºC for 1 day until analysis.  Prior to analysis, the samples 
were brought to room temperature.  The samples at nominal concentration of 7, 35 and 
70 mg/mL were diluted with diluent to give injected concentrations within the range of the 
calibration curve. 

Following the initial analysis (Day 0), formulation samples were stored at room temperature for 
approximately 10 days until analysis.  Stability assessment was performed for the low, middle 
and high concentration samples.  All samples were diluted with diluent to give injected 
concentrations within the range of the calibration curve. 

For concentration analysis, the results were considered acceptable if the difference between the 
actual mean value and the targeted concentration was within ±10%.  For homogeneity, the results 
were considered acceptable if the relative standard deviation (RSD) for the formulation 
calculated as the RSD for the grand mean of the average values for the top, middle and bottom 
locations was ≤ 5%.  For stability analysis, results of the stability samples were to be within 
±10% of the concentration of the initial stability samples to be acceptable. 
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6.5. Bulk Test Substance Stability 
A 10 mL sample of the test substance (50% w/v) was received from study UZS00009 for 
stability assessment.  The sample was shipped at ambient temperature on the 27 May 2009 and 
received at Charles River Montreal on the 28 May 2009.  The sample was stored at room 
temperature and analyzed on 14 July 2009.  The bulk substance was diluted 50 times with diluent 
(ultra pure water) to give a target concentration of 1% test substance.  Stability was assessed by 
HPLC purity normalization and the result obtained was compared against the purity value stated 
in the Certificate of Analysis. 

6.6. Analysis 
The standard, blank, spiked sample and study sample solutions were analyzed by HPLC using 
the following conditions: 

HPLC system: Agilent Technologies 1100 series 
Data capture system: Waters Corporation Empower 2 
Column: Zorbax Eclipse Plus C-18, 3.5 µm (100 x 2.1 mm id) 
Column temperature: Set at 35°C 
Mobile phase gradient elution: Eluant A:  20 mM sodium phosphate in water 
 Eluant B:  10 mM sodium perchlorate in acetonitrile 

Time (min) %B 
0 10 
8 70 

8.1 10 
15 10 

Flow-rate: 0.350 mL/min 
Ultra-violet detection wavelength: 210 nm (response time:  0.5 s) 
Injection volume: 25 µL 
Sample tray temperature: Set at 20ºC 
Reference standard retention time: ~7.1 min 
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The blank and bulk substance solutions were analyzed for purity and stability using the following 
conditions: 

HPLC system: Agilent Technologies 1100 series 
Data capture system: Waters Corporation Empower 2 
Column: TOSOH TSKGel ODS120T, (150 x 4.6 mm id) 
Column temperature: Set at 40°C 
Mobile phase gradient elution: Eluant A:  acetonitrile 
 Eluant B:  0.6% perchloric acid in water 

Time (min) %B 
0 50 
10 50 
15 10 
20 10 

20.1 50 
25 50 

Flow-rate: 1.00 mL/min 
Ultra-violet detection wavelength: 210 nm 
Injection volume: 20 µL 
Sample tray temperature: Set at 20ºC 
Reference standard retention time: ~4.0 min 

6.7. System Suitability 
For concentration determination, the reproducibility of the chromatographic system was 
determined by injecting a calibration standard solution, at a nominal concentration of 190 µg/mL 
in triplicate, at the beginning, throughout, and at the end of the chromatographic run. 

For bulk substance stability, the reproducibility of the chromatographic system was determined 
by injecting a 1% test sample solution, in triplicate, at the beginning and at the end of the 
chromatographic run.   

A coefficient of variation (CV) of ≤ 3% in peak area and a difference of ±10% between the 
average response for the standards (test sample solution) injected at the end and throughout the 
run, compared with those injected at the beginning were considered acceptable. 

6.8. Data Collection and Statistical Methods 
Data collection was performed using Empower 2, from Waters Corporation. 
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Statistical analyses included linear regression using Empower 2 and descriptive statistics such as 
arithmetic means and standard deviations, using Microsoft Excel (Version 2000/2003). 

Tables were prepared from retrospective manual entry on computer (Microsoft Word, 
Version 2000/2003).  The data presented in the tables were calculated from non-rounded values 
and may not be accurately reproduced from the individual data presented. 

6.9. Quality Assurance 
The Quality Assurance department of PCS-MTL undertook and documented inspections and 
process audits of the analytical laboratory during the study conduct, and audited the study report 
as well as the raw data.  The Quality Assurance Statement is presented on Page 7. 

6.10. Archives 
All raw data and documents generated at PCS-MTL during this study, and the final report will be 
transferred to the scientific archives of the testing facility after dispatch of the final report. 

7. PROTOCOL DEVIATIONS 
As per study protocol, stability of the formulation samples was to be assessed at low and high 
concentration.  However, stability was assessed at low, intermediate and high concentrations.  In 
addition, per the protocol, the study was to comply with regulations from the Ministry of 
Agriculture, Forestry and Fisheries; however, the analytical portion of the study did not comply 
with it since the test site is not accredited by this organization.  In the Principal Investigator’s 
opinion, these deviations are considered to have no impact on the outcome of the study as the 
work conducted was compliant to the other regulation agencies mentioned above, and that the 
work was reviewed by the Quality Assurance Unit and that all results were within acceptance 
criteria 

8. RESULTS AND DISCUSSION 
Representative chromatograms are presented in Figure 1, Figure 2, Figure 3, Figure 4, 
Figure 5 and Figure 6. 

8.1. System Suitability 

The CV for the calibration standards was ≤ 3%, and the difference between the average response 
for the standards injected at the end and throughout the run, compared with those injected at the 
beginning was within ±10%.  Acceptance criteria with respect to system suitability were met. 
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For bulk substance stability, the CV for 1% test sample solution was ≤ 3%, and the difference 
between the average responses for the test sample solutions injected at the end, compared with 
those injected at the beginning was within ±10%. 

8.2. Study Samples 

All study samples analyzed for concentration were within the acceptance criteria of ±10% of 
their target values.  For homogeneity, the relative standard deviation of the grand mean for all 
locations was ≤ 5% for all groups. 

For each group, all stability samples analyzed were within ±10% of the initial concentrations 
analysis.  Analysis of the bulk test material is on-going and results will be added to the revised 
draft report.  Results are presented in Table 1 and Table 2. 

8.3. Bulk Test Substance Stability 
Stability of the bulk substance was assessed and the purity was determined to be 99.9%.  The 
difference between the purity value obtained, when compared with the purity value indicated on 
the Certificate of Analysis was 7.0%.  Results are presented in Table 3. 

9. CONCLUSION 
The dose formulations were within specification.  Homogeneity results show that the formulation 
technique used produces homogenous preparations.  Stability of the formulated reference 
standard was demonstrated at room temperature for 10 days.  In addition, purity and stability of 
the bulk reference material was assessed following 48 days of storage at room temperature and 
results were deemed acceptable since the percentage difference was within ±10% of the value 
indicated in the Certificate of Analysis. 
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Table 1 Study Samples - Concentration and Homogeneity 

Measured concentration Sampling 
date Group 

Nominal 
concentration 

(mg/mL) 

Sampling 
location (mg/mL) (Percent of 

nominal) 

Homogeneity 
(RSD) 

7.06 101 
Top 

7.07 101 
7.05 101 

Middle 
7.06 101 
7.04 101 

Bottom 
7.08 101 

1 7 

Mean 7.06 101 

0.1 

34.7 99.3 
Top 

34.7 99.2 
34.7 99.1 

Middle 
34.8 99.4 
34.7 99.2 

Bottom 
34.7 99.2 

2 35 

Mean 34.7 99.2 

0.0 

70.1 100 
Top 

70.2 100 
70.3 100 

Middle 
69.6 99.4 
70.1 100 

Bottom 
70.1 100 

26 May 2009 

3 70 

Mean 70 100 

0.0 

LLOQ - lower limit of quantitation (5.00 mg/mL) 
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Table 2 Study Samples - Stability Assessment Following 10 Days Storage at 
Room Temperature 

Nominal 
concentration 

(mg/mL) 
Group ID 

Measured 
concentration 

fresh  
(mg/mL) 

Mean 
measured 

concentration 
fresh  

(mg/mL) 

Measured 
concentration 
after storage 

(mg/mL) 

Mean 
measured 

concentration 
after storage  

(mg/mL) 

Mean 
difference 
fresh vs 
stored 
(%) 

7.06 6.98 
Top 

7.07 7.03 
7.05 7.01 

Middle 
7.06 7.02 
7.04 7.02 

7 

Bottom 
7.08 

7.06 

7.01 

7.01 -0.7 

34.7 34.7 
Top 

34.7 34.7 
34.7 34.7 

Middle 
34.8 34.7 
34.7 34.7 

35 

Bottom 
34.7 

34.7 

34.7 

34.7 0.0 

70.1 69.7 
Top 

70.2 69.3 
70.3 69.5 

Middle 
69.6 69.4 
70.1 69.2 

70 

Bottom 
70.1 

70.0 

69.4 

69.4 -0.9 
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Table 3 Bulk Substance Stability (48 Days Storage at Room Temperature) 
Bulk substance 
assessed purity 

(%) 

Bulk substance  
impurity 

(%) 

Bulk material 
CoA purity 

(%) 

Bulk material CoA 
total impurity 

(%) 

Percent 
difference a

99.9 0.1 93.4 6.6 7.0 

a assessed purity is compared with the purity stated on the CoA 
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Figure 1 Representative Standard Chromatogram 
(Nominal Concentration:  190 µg/mL) 
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Figure 2 Representative Blank Vehicle  
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Figure 3 Representative Sample Chromatogram  
(Group 1, Top, Sampling Date:  26 May 2009, Nominal 
Concentration:  7 mg/mL; Nominal Injected Concentration:  
105 µg/mL) 
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Figure 4 Representative Bulk Substance Sample (Full Scale) 
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Figure 5 Representative Bulk Substance Sample (Auto-scaled) 
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Figure 6 Representative Blank Sample (Auto-scaled) 
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Appendix 1 Certificate of Analysis 
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Appendix 2 Principal Investigator Acknowledgment Form 
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GLOSSARY OF TERMS

Tmax The time of maximum observed concentration after dosing

Tlast The time of last quantifiable concentration after dosing

Kel Apparent terminal elimination rate constant

Rsq Coefficient of determination for the terminal elimination phase regression
model

T1/2 Apparent terminal elimination half-life

Cmax The maximum observed concentration after dosing

AUC(0-t) The area under the concentration versus time curve from time zero to Tlast

AUC(0-inf) The area under the concentration versus time curve from time zero to infinity

AUC%extrap Extrapolated area under the concentration versus time curve expressed as
percent of the total AUC(0-inf)

Cmax/D The maximum observed concentration after dosing, normalized for the dose
administered

AUC(0-inf)/D The area under the drug concentration versus time curve from time zero to
infinity, normalized for the dose administered

Additional parameters were automatically generated by the software but were not reported.
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3. INTRODUCTION
Study No. UZS00009 was undertaken to evaluate the toxicity of acute exposure of Crl:CD1(ICR)
female mice to PFH Ammonium Salt (Ammonium salt of Perflourinated Hexanoic Acid,
PFHxA). Pharmacokinetics were included as part of this assessment. In addition, the study was
extended in order to attain the appropriate range for validation of the assay in the liver.
This information may be used in determining dosage levels for the segment II/III toxicity study
in mice.

Administration of the test and control substances, and blood collection and processing for this
study were performed at Charles River Laboratories Preclinical Services Pennsylvania under
GLP conditions. The PFHxA serum concentration data analyzed in this report were produced at
PCS-MTL under GLP conditions, using a validated LC-MS/MS method under
Reference No. 141660.

3.1. Objectives
The primary objective of this pharmacokinetic (PK) analysis was to describe the systemic
exposure of PFHxA achieved in female Crl:CD1(ICR) mice when administered once by oral
gavage, and its relationship to dose level (ICH S3A, 1995).

4. EXPERIMENTAL DESIGN
PFHxA Ammonium Salt was administered once by oral gavage to female Crl:CD1(ICR) mice.
The control substance used for this study was reverse osmosis deionized water. Text Table 1
illustrates the experimental design of the study.

Text Table 1

Dosage
Group

Batch
Number

Dose Level
(mg/kg)

Concentration
(mg/mL)

Dosage
Volume
(mL/kg)

Number of
Mice

I B-UZS00009-A 35 7 5 21
II B-UZS00009-B 175 35 5 21
III B-UZS00009-C 350 70 5 21

The test substance was considered 95% by weight of PFHxA for dosage calculations

4.1. Sampling Schedule

Blood samples were collected from PK animals, into tubes devoid of anticoagulant, according to
the schedule in Text Table 2, prior to being processed to serum.
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Text Table 2

Toxicokinetic Time-point (Hours Post Dose)Dosage
Group

Number of
Animals/Group 0a 0.5 2 4 6 8 24

3 X
3 X
3 X
3 X
3 X
3 X

I to III

3 X
a samples collected prior to dosing
X = sample collected

5. METHODS

5.1. Pharmacokinetic Procedure
Serum concentration data were obtained from 3 animals at each time point, and mean values
were used to generate a composite PK profile. Serum concentration values below the lower limit
of quantitation (LLOQ) of the assay (1 µg/mL) were assigned a value of zero (µg/mL) for the
purpose of mean calculation. If the resulting mean concentration returned a value below the
LLOQ, it was treated as an absent sample for PK analysis. The PK profiles were characterized
by non-compartmental analysis of PFHxA serum concentration data with targeted sampling
time-points using validated computer software (WinNonlin, version 3.2, Pharsight Corp.,
Mountain View, California, USA). A model was selected based on the extravascular route of
administration and the serum matrix.

The area under the test article serum concentration vs. time curve (AUC) was calculated using
the linear trapezoidal method (linear interpolation). When practical, the terminal elimination
phase of the PK profiles was identified based on the line of best fit using at least the final three
observed concentration values. The slope of the terminal elimination phase was calculated using
log-linear regression using the unweighted concentration data. PK parameters describing the
systemic exposure of the test article in the test system were estimated from observed (rather than
predicted) serum concentration values, the dosing regimen, the AUC, and the terminal
elimination phase rate constant (Kel) for each group.

5.2. Statistical Analysis
Where applicable, numerical data obtained during the conduct of the study were subjected to
calculation of descriptive statistics (mean and standard deviation) in Microsoft Excel, 2000/2003.
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6. QUALITY ASSURANCE
The Quality Assurance department of PCS-MTL documented audits of the PK data and report.
Data audits were conducted according to PCS-MTL standard operating procedures.
Any findings of QA inspections were reported to the Principal Investigator, the Study Director,
the Testing Facility Management and the Test Site Management.

7. ARCHIVES
All raw data, copy of protocol and amendments, and documents generated at PCS-MTL during
this analysis, including the final PK contributing report, will be transferred to the scientific
archives of PCS-MTL at or prior to signature of the report, and will be kept for a period of one
year following dispatch of the final PK contributing report. Subsequently, storage details will be
documented in the raw data.

8. RESULTS AND DISCUSSION

8.1. Serum Concentration Observations
(Table 1.1 to Table 1.3 and Figure 1)
The serum concentrations of PFHxA were not quantifiable in predose samples in any of the
groups. In the 35 mg/kg dose group, no PFHxA could be quantified after 6 hours. In the
175 and 350 mg/kg dose groups, the mean concentration of PFHxA was below the LLOQ at
24 hours post dose, but one individual animal in each group had quantifiable levels at 24 hours.

8.2. Toxicokinetic Evaluation
(Table 2, Table 3, Table 4 and Figure 1 to Figure 3)
The maximal serum concentrations (Cmax) of PFHxA were observed at the first sampling time
point (30 minutes post dose), indicating that the compound was rapidly absorbed after oral
administration. After Cmax was reached, serum concentrations of PFHxA decreased rapidly.
At the 35 mg/kg dose level, the decline in PFHxA serum concentration was mono-exponential.
At the 175 mg/kg and 350 mg/kg dose levels, the decline was multi-exponential, with a plateau
in concentrations occurring between 0.5 and 2 hours in the 175 mg/kg dose group and between
2 and 4 hours in the 350 mg/kg dose group. The terminal elimination phases were nonetheless
similar among the three dose groups, with terminal elimination half-lives ranging from
0.889 to 1.24 hours. Exposure increased with increase in dose level. The increase in Cmax
(from 96.6 to 454 µg/mL) was lower than proportional, whereas the increase in AUC(0-inf)
(from 178 to 1893 h*µg/mL) was proportional, to the increase in dose from 35 to 350 mg/kg.
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9. SUMMARY AND CONCLUSION
The pharmacokinetics of PFHxA were characterized in female Crl:CD1(ICR) mice when
administered once by oral gavage at dose levels of 35, 175 and 350 mg/kg. PFHxA was rapidly
absorbed (Cmax reached within 30 minutes) and in general was not quantifiable at 24 hours after
dose administration. The terminal elimination half-life of PFHxA ranged from 0.889 to
1.24 hours, and was dose-independent. The increase in Cmax (from 96.6 to 454 µg/mL) was
lower than proportional, whereas the increase in AUC(0-inf) (from 178 to 1893 h*µg/mL) was
proportional, to the increase in dose from 35 to 350 mg/kg.
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Table 1.1

Animal No. Predose 0.5 h 2 h 4 h 6 h 8 h 24 h

3000 <LLOQ - - - - - -
3001 <LLOQ - - - - - -
3002 <LLOQ - - - - - -
1204 - 132 - - - - -
1205 - 65.3 - - - - -
1206 - 92.8 - - - - -
1207 - - 36.0 - - - -
1208 - - 22.4 - - - -
1209 - - 49.7 - - - -
1210 - - - 6.73 - - -
1211 - - - 12.1 - - -
1212 - - - 3.90 - - -
1213 - - - - 3.25 - -
1214 - - - - <LLOQ - -
1215 - - - - 1.53 - -
1216 - - - - - <LLOQ -
1217 - - - - - <LLOQ -
1218 - - - - - <LLOQ -
1219 - - - - - - <LLOQ
1220 - - - - - - <LLOQ
1221 - - - - - - <LLOQ

Mean <LLOQ 96.6 36.0 7.58 1.59 <LLOQ <LLOQ
SD n/a 33.4 13.6 4.17 1.62 n/a n/a

<LLOQ = Below the lower limit of quantitation (LLOQ = 1 µg/mL). The <LLOQ concentrations were assigned
a value of zero for mean calculation. Mean values <LLOQ were not reported.

n/a = Not applicable.
- Sample not collected.

Group I: 35 mg/kg - Concentration (µg/mL)
Nominal Time

Concentrations of PFHxA in Female Crl:CD1(ICR) Mice Serum
Following Oral Gavage of PFH Ammonium Salt
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Table 1.2

Animal No. Predose 0.5 h 2 h 4 h 6 h 8 h 24 h

1222 <LLOQ - - - - - -
1223 <LLOQ - - - - - -
1224 <LLOQ - - - - - -
1225 - 364 - - - - -
1226 - 288 - - - - -
1227 - 338 - - - - -
1228 - - 317 - - - -
1229 - - 360 - - - -
1230 - - 264 - - - -
1231 - - - 69.9 - - -
1232 - - - 118 - - -
1233 - - - 101 - - -
1234 - - - - 39.5 - -
1235 - - - - 8.37 - -
1236 - - - - 8.31 - -
1237 - - - - - 2.11 -
1238 - - - - - 2.38 -
1239 - - - - - 34.4 -
1240 - - - - - - <LLOQ
1241 - - - - - - 2.02
1242 - - - - - - <LLOQ

Mean <LLOQ 330 313 96.2 18.7 13.0 <LLOQ
SD n/a 38.7 47.8 24.4 18.0 18.6 n/a

<LLOQ = Below the lower limit of quantitation (LLOQ = 1 µg/mL). The <LLOQ concentrations were assigned
a value of zero for mean calculation. Mean values <LLOQ were not reported.

n/a = Not applicable.
- Sample not collected.

Nominal Time
Group II: 175 mg/kg - Concentration (µg/mL)

Concentrations of PFHxA in Female Crl:CD1(ICR) Mice Serum
Following Oral Gavage of PFH Ammonium Salt
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Table 1.3

Animal No. Predose 0.5 h 2 h 4 h 6 h 8 h 24 h

1243 <LLOQ - - - - - -
1244 <LLOQ - - - - - -
1245 <LLOQ - - - - - -
1246 - 381 - - - - -
1247 - 509 - - - - -
1248 - 473 - - - - -
1249 - - 440 - - - -
1250 - - 124 - - - -
1251 - - 301 - - - -
1252 - - - 317 - - -
1253 - - - 332 - - -
1254 - - - 229 - - -
1255 - - - - 199 - -
1256 - - - - 103 - -
1257 - - - - 168 - -
1258 - - - - - 24.1 -
1259 - - - - - 12.2 -
1260 - - - - - 7.45 -
1261 - - - - - - 2.68
1262 - - - - - - <LLOQ
1263 - - - - - - <LLOQ

Mean <LLOQ 454 288 293 157 14.6 <LLOQ
SD n/a 66.0 158 55.6 48.9 8.59 n/a

<LLOQ = Below the lower limit of quantitation (LLOQ = 1 µg/mL). The <LLOQ concentrations were assigned
a value of zero for mean calculation. Mean values <LLOQ were not reported.

n/a = Not applicable.
- Sample not collected.

Nominal Time
Group III: 350 mg/kg - Concentration (µg/mL)

Concentrations of PFHxA in Female Crl:CD1(ICR) Mice Serum
Following Oral Gavage of PFH Ammonium Salt
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Table 2

Group Dose Level Tmax Tlast Kel Rsq T1/2

No. (mg/kg) (h) (h) (1/h) (h)

I 35 0.50 6.00 0.780 1.00 0.889

II 175 0.50 8.00 0.560 0.952 1.24

III 350 0.50 8.00 0.750 0.898 0.924

Pharmacokinetic Observed and Secondary Parameters of PFHxA in
Female Crl:CD1(ICR) Mice Serum Following Oral Gavage of
PFH Ammonium Salt
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Table 3

Group Dose Level Cmax AUC(0-t) AUC(0-inf) AUC%extrap Cmax/ AUC(0-inf)/

No. (mg/kg) (µg/mL) (µg�h/mL) (µg�h/mL) (tlast-inf) Dose Dose

I 35 96.6 176 178 1.14 2.76 5.10

II 175 330 1121 1144 2.03 1.88 6.54

III 350 454 1873 1893 1.03 1.30 5.41

Pharmacokinetic Exposure Parameters of PFHxA in Female
Crl:CD1(ICR) Mice Serum Following Oral Gavage of
PFH Ammonium Salt
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Table 4

Group Fold Cmax Fold AUC(0-inf) Fold

No. Increase (µg/mL) Increase (µg�h/mL) Increase

I 1.00 96.6 1.00 178 1.00

II 5.00 330 3.41 1144 6.41

III 2.00 454 1.38 1893 1.65

Dose Proportionality of PFHxA Cmax and AUC(0-inf) in Female
Crl:CD1(ICR) Mice Serum Relative to Ascending Dose Level of
PFH Ammonium Salt Following Oral Gavage

350

175

35

(mg/kg)

Dose Level
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Figure 1 Pharmacokinetic Profiles of PFHxA in Female Crl:CD1(ICR) Mice Serum
Following Oral Gavage of PFH Ammonium Salt
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Appendix 1 Data Capture/Entry Methods Used in Report
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DATA CAPTURE/ENTRY METHODS USED IN REPORT

The following Data Capture/Entry methods have been used in this report:

Automated* data capture was performed by WinNonlin (version 3.2) from Pharsight
Corporation, including values and units, which were then transferred into a Microcomputer using
Excel (Microsoft Excel 2000/2003).

• Pharmacokinetics - Non-Compartmental Analysis

Data were transferred from an Excel environment into a Microcomputer Excel template
(Microsoft Excel 2000/2003).

• Serum Concentration Analysis

Data transferred into Microcomputer template Excel (Microsoft Excel 2000/2003).

• Figures

* On occasion, retrospective manual entry may have been made for some
value(s)/observation(s).

Page 25

Testing Facility Study No. UZS00009Daikin Industries, LTD

142 of 214



APPENDIX 5 - BIOANALYTICAL REPORT 
 

Testing Facility Study No. UZS00009Daikin Industries, LTD

143 of 214



FINAL REPORT

Test Site Ref. No. 141660
Testing Facility Study No. UZS00009

Determination of Perfluorohexanoic Acid (PFHxA) in Female Mouse Serum
by Liquid Chromatography-tandem Mass Spectrometry (LC-MS/MS)

in Support of Protocol No. UZS00009

TEST SITE:
Charles River Laboratories Preclinical Services Montreal

22022 Transcanadienne
Senneville, Quebec
Canada H9X 3R3

TESTING FACILITY:
Charles River Laboratories Preclinical Services

905 Sheehy Drive, Building A
Horsham, PA 19044

USA

SPONSOR:
Daikin Industries, Ltd.

Chemical Division
Umeda Center Building

4-12 Nakazaki-Nishi, 2-chrome
Kita-ku, Osaka 530-8323

Japan

12 April 2010
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3. SUMMARY
The concentrations of perfluorohexanoic acid in female mouse serum samples in support of
Testing Facility Study No. UZS00009, entitled �Oral (Gavage) Acute Pharmacokinetic Study of
PFH Ammonium Salt (Ammonium Salt of Perflourinated Hexanoic Acid) in Mice,�
were determined using a previously validated liquid chromatography-tandem mass spectrometry
(LC-MS/MS) method. Results for all samples analyzed are presented in this report.
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4. INTRODUCTION
The concentrations perfluorohexanoic acid in female mouse serum samples were determined by
a liquid chromatography-tandem mass spectrometry (LC-MS/MS) method. The method of
analysis, documented in PCS-MTL Analytical Procedure AP.141660.SE.02, was previously
validated (Study No. 141837).

For the work detailed in this report, the experimental start date was 21 July 2009 and the
experimental end date was 05 March 2010.

5. REFERENCE STANDARD, INTERNAL STANDARD AND BLANK MATRIX

5.1. Reference Standard
Identity: PFH ammonium salt (50% aqueous solution: 474 mg/mL)

(also known as perfluorohexanoic acid or PFHxA)
Lot number: 7005
Purity: 93.4% (correction factor: 0.474, corrected for effective component

in solution)
Expiry date: 31 July 2010
Storage conditions: Kept in a controlled temperature area set to maintain 21°C

5.2. Internal Standard

Identity: Perfluoro-n-[1, 2-13C2] hexanoic acid (also known as
PFHxA-1, 2-13C2)

Lot number: MPFHxA0809
Purity: > 98% (50 µg/mL certified solution)
Storage condition: Kept in a refrigerator set to maintain 4°C, dark

The reference standard characterization was the responsibility of the Sponsor who provided a
Certificate of Analysis (Appendix 1) for inclusion in this study report.

Details of identity, purity, storage conditions and handling precautions were supplied by the
Sponsor. Remaining reference standard was stored at PCS-MTL for use on subsequent studies
for the Sponsor.

5.3. Blank Matrix
Identity: Female mouse serum
Species: Mus musculus
Strain: CD1
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6. EXPERIMENTAL PROCEDURES

6.1. Calibration Standards
Calibration standards of reference standard were prepared in blank female mouse serum covering
the theoretical concentration range of 1.00 to 1000 µg/mL. Calibration standards consisted of
blank female mouse serum (250 µL) spiked with appropriate standard working solution
(methanol; 5 µL).

6.2. Quality Control Samples
Quality control (QC) samples of reference standard were prepared in blank female mouse serum
at theoretical concentrations of 3.00, 60.0 and 700 µg/mL. QC samples consisted of blank
female mouse serum (250 µL) spiked with appropriate QC working solution (methanol; 5 µL).

6.3. Study Samples
Study samples were received from Charles River Laboratories Preclinical Services
(Pennsylvania), and stored frozen in the freeze set to maintain at -80°C prior to analysis.
Samples anticipated to be above the upper limit of quantitation (ULOQ) were diluted with blank
female serum prior to initial analysis.

Remaining unused study samples will be retained at PCS-MTL for approximately 1 year after
dispatch of the final report or until authorized to discard by the Study Director.

6.4. Incurred Sample Reanalysis
Incurred sample reanalysis (ISR) was conducted as per PCS-MTL SOP CAB-012.

6.5. Analysis

Single and double blank samples consisted of blank female mouse serum (250 µL) plus methanol
(5 µL). To each standard, QC, single and double blank sample and study samples (10 µL),
acetonitrile (100 µL) was added and the mixtures vortexed (~30 seconds) and centrifuged
(~14000 rpm, ~10 minutes, set at 4°C). An aliquot (10 µL) of the supernatant was transferred to
an appropriately labelled tube containing internal standard (100 ng/mL; 1.0 mL) or for double
blank sample an aliquot (10 µL) of the supernatant was transferred to an appropriately labelled
tube containing a solution of water:methanol (30:70, v/v; 1.0 mL) and the mixture vortexed.
An aliquot (100 µL) of the mixture was transferred to a 96-well collection plate containing a
solution of water:methanol (30:70, v/v; 900 µL) and the extracts vortexed (~30 seconds).

The standard, QC, blank and study sample extracts were analyzed by LC-MS/MS using the
following conditions:
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6.5.1. Liquid Chromatography
HPLC system: Agilent Technologies 1100 series binary pump and

degasser, and Shimadzu SIL-HTC autosampler
Column: Waters XBridge Shield RP18, 3.5 µm

(50 x 4.6 mm id)
Column temperature: Set at 50°C
Mobile phase gradient elution: Eluent A: 2 mM ammonium acetate, pH 4.0

Eluent B: methanol:2 mM ammonium acetate
(pH 4.0); 80:20, v/v

Time (min) %B
0.0 70
3.5 70

Flow rate: 1.0 mL/min
Injection volume: 5 µL
Autosampler tray temperature: Set at 4°C
Autosampler needle wash: Water:methanol:acetic acid; 20:80:1, v/v/v

6.5.2. MS/MS Conditions
MS system: MDS Sciex API 4000
Data capture system: MDS Sciex Analyst, Version 1.4.1
Ionization mode: Negative electrospray ionization (ESI)
Scan type: Multiple reaction monitoring (MRM)
Resolution: Unit/unit
Ion spray voltage: -4500 V
Ion source gas 1 (zero air): 60 psi
Ion source gas 2 (zero air): 60 psi
Curtain gas: 30 psi
Collision activated dissociation gas (CAD): 6 dacs
Temperature: 600°C

Monitoring ions and respective parameters:

Name Q1
Mass

Q3
Mass

Retention
Time
(min)

Scan
Time

(msec)

DP
(V)

EP
(V)

CE
(eV)

CXP
(V)

Perfluoro-n-hexanoic acid 313.0 268.8 ~2.5 200 -40 -5 -13 -15
PFHxA-13C2 315.0 270.0 ~2.5 100 -40 -5 -13 -15

Some conditions may vary.
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6.6. System Suitability
The reproducibility of the chromatographic system was determined by injecting an extracted
calibration standard, at least in triplicate, at the beginning of the chromatographic run. To assess
system stability, QC samples were injected at the end of each run.

A coefficient of variation (CV) of ≤ 5% with respect to peak area ratio for an extracted
calibration standard injected at the beginning of the run, and QC samples injected at the end of
each run meeting acceptance criteria, were considered acceptable.

6.7. Data Collection and Statistical Methods
Data collection was performed using Analyst, Version 1.4.1, from MDS Sciex.

Statistical analyses included quadratic regression with 1/concentration2 weighting and
descriptive statistics such as arithmetic means and standard deviations, accuracy and precision
using Watson Laboratory Information Management System (LIMS) (Version 7.2.0.02)
and Microsoft Excel (Version 2000/2003).

Tables were prepared from retrospective manual entry on computer (Microsoft Word,
Version 2000/2003).

6.8. Method Validation
The analytical method was previously validated (Study No. 141837) with respect to selectivity,
linearity, lower limit of quantitation (LLOQ), carry-over, intra- and inter-assay precision and
accuracy, stock solution stability, injection medium integrity, short-term matrix stability,
freeze-thaw matrix stability, long-term matrix stability and dilution integrity.

6.9. Quality Assurance
The Quality Assurance department of PCS-MTL undertook and documented inspections and
process audits of the laboratories in which this study was performed at PCS-MTL, and audited
the study report as well as the raw data. The Quality Assurance Statement is presented on
Page 8.

6.10. Archives

Samples, reference standard, all raw data and documents generated at PCS-MTL during this
study, together with the final report will be retained in the scientific archives of PCS-MTL for
approximately one year after dispatch of the final report. Subsequent storage details will be
documented in the raw data.
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7. PROTOCOL DEVIATIONS
As per study protocol, the study was to comply with regulations from the Ministry of
Agriculture, Forestry and Fisheries; however, the bioanalytical portion of the study did not
comply with this. This deviation is considered to have no impact on the outcome of
bioanalytical portion of the study as the work conducted was compliant to the other regulation
agencies mentioned above, and that the work was reviewed by the Quality Assurance Unit and
that all results were within acceptance criteria

8. RESULTS AND DISCUSSION
A representative calibration line is presented in Figure 1, and representative chromatograms are
presented in Figure 2, Figure 3, Figure 4, Figure 5, Figure 6, Figure 7, Figure 8, Figure 9 and
Figure 10.

8.1. System Suitability
Acceptance criteria with respect to system suitability were met on all occasions.

8.2. Study Samples
All study samples were previously analyzed using a validated analytical method having an
analytical range of 0.300 to 200 ng/mL (validation Study No. 141658). However, serum
concentration of the samples was observed to be very high in the initial analysis. In addition,
significant carry-over from high concentration study samples was observed and the analytical
runs (runs 01 and 02) were rejected for this reason. Based on the observed concentration, it was
judged that the analytical range in the initial method was inadequate for the analysis of the study
samples and thus the method was re-validated (validation Study No. 141837) with a higher
analytical range (1.00 to 1000 µg/mL). All study samples were re-analyzed with the new
method. Data analyzed with the initial method is not reported but is kept on file with the raw
data study binder.

Results for the study samples are presented in Table 1, Table 2 and Table 3. The calibration
standard and quality control sample statistics are presented in Table 4 and Table 5, respectively.

Incurred sample re-analysis was successfully performed as per PCS-MTL SOP CAB-012.
The results are presented in Table 6.
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Table 1 Group 1 Serum Concentrations of Perfluorohexanoic Acid

Animal Dosage
Group

Study
Day

Nominal Time
(hour)

Concentration
(µg/mL)

3000 1 1 0 < LLOQ
3001 1 1 0 < LLOQ
3002 1 1 0 < LLOQ
1204 1 1 0.5 132
1205 1 1 0.5 65.3
1206 1 1 0.5 92.8
1207 1 1 2 36.0
1208 1 1 2 22.4
1209 1 1 2 49.7
1210 1 1 4 6.73
1211 1 1 4 12.1
1212 1 1 4 3.90
1213 1 1 6 3.25
1214 1 1 6 < LLOQ
1215 1 1 6 1.53
1216 1 1 8 < LLOQ
1217 1 1 8 < LLOQ
1218 1 1 8 < LLOQ
1219 1 1 24 < LLOQ
1220 1 1 24 < LLOQ
1221 1 1 24 < LLOQ

LLOQ = lower limit of quantiation (theoretical concentration 1.00 µg/mL)
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Table 2 Group 2 Serum Concentrations of Perfluorohexanoic Acid

Animal Dosage
Group

Study
Day

Nominal Time
(hour)

Concentration
(µg/mL)

1222 2 1 0 < LLOQ
1223 2 1 0 < LLOQ
1224 2 1 0 < LLOQ
1225 2 1 0.5 364
1226 2 1 0.5 288
1227 2 1 0.5 338
1228 2 1 2 317
1229 2 1 2 360
1230 2 1 2 264
1231 2 1 4 69.9
1232 2 1 4 118
1233 2 1 4 101
1234 2 1 6 39.5
1235 2 1 6 8.37
1236 2 1 6 8.31
1237 2 1 8 2.11
1238 2 1 8 2.38
1239 2 1 8 34.4
1240 2 1 24 < LLOQ
1241 2 1 24 2.02
1242 2 1 24 < LLOQ

LLOQ = lower limit of quantiation (theoretical concentration 1.00 µg/mL)
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Table 3 Group 3 Serum Concentrations of Perfluorohexanoic Acid

Animal Dosage
Group

Study
Day

Nominal Time
(hour)

Concentration
(µg/mL)

1243 3 1 0 < LLOQ
1244 3 1 0 < LLOQ
1245 3 1 0 < LLOQ
1246 3 1 0.5 381
1247 3 1 0.5 509
1248 3 1 0.5 473
1249 3 1 2 440
1250 3 1 2 124
1251 3 1 2 301
1252 3 1 4 317
1253 3 1 4 332
1254 3 1 4 229
1255 3 1 6 199
1256 3 1 6 103
1257 3 1 6 168
1258 3 1 8 24.1
1259 3 1 8 12.2
1260 3 1 8 7.45
1261 3 1 24 2.68
1262 3 1 24 < LLOQ
1263 3 1 24 < LLOQ

LLOQ = lower limit of quantiation (theoretical concentration 1.00 µg/mL)
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Table 4 Calibration Standard Statistics

Concentration (µg/mL)Analytical Runa

1.00 2.00 5.00 25.0 50.0 100 200 400 800 1000
3 0.992 2.02 5.08 24.2 50.2 101 200 401 800 999
4 1.00 2.01 4.85 24.9 50.2 102 203 414 680 1109
5 0.970 2.13 4.93 25.0 49.0 102 194 405 763 1038

Mean 0.9884 2.056 4.952 24.67 49.80 101.7 199.0 406.9 747.4 1048.6
S.D. 0.01647 0.0653 0.1159 0.448 0.717 0.83 4.50 6.78 61.30 56.03
%CV 1.7 3.2 2.3 1.8 1.4 0.8 2.3 1.7 8.2 5.3

% Bias -1.2 2.8 -1.0 -1.3 -0.4 1.7 -0.5 1.7 -6.6 4.9
n 3 3 3 3 3 3 3 3 3 3

a = Runs 01 and 02 were analyzed with initial analytical method with a lower analytical range; runs were also rejected due to significant carry-over from high
concentration study samples. Results are not included in statistical calculation. Runs 06 and 07 were used for the assessment of long-term matrix stability
which will be reported under validation Study No. 141837, no study samples were analyzed, thus the runs are not included in the statistical calculation.
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Table 5 Quality Control Sample Statistics

Concentration (µg/mL)Analytical Runa

3.00 60.0 700
3 3.15 64.5 693

3.32 65.6 684
3.44 64.9 681
3.33 64.1 677

4 3.34 63.1 741
3.20 60.2 725
3.26 64.5 787
3.25 63.5 778

5 3.25 63.2 665
3.11 61.2 699
3.39 62.1 760
3.21 59.1 728

Mean 3.271 63.00 718.1
S.D. 0.0970 2.000 41.50
%CV 3.0 3.2 5.8

% Bias 9.0 5.0 2.6
n 12 12 12

a = Runs 01 and 02 were analyzed with initial analytical method with a lower analytical range; runs were also
rejected due to significant carry-over from high concentration study samples. Results are not included in
statistical calculation. Results are not included in statistical calculation. Runs 06 and 07 were used for the
assessment of long-term matrix stability which will be reported under validation Study No. 141837, no study
samples were analyzed, thus the runs are not included in the statistical calculation.
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Table 6 Incurred Sample Reanalysis

Animal Dosage
Group Study Day

Nominal
Time
(hour)

Original
Conc.

(µg/mL)

Reassay
Conc.

(µg/mL)

%
Difference

1204 1 1 0.5 132 124 -6.1
1205 1 1 0.5 65.3 66.4 1.6
1207 1 1 2 36.0 31.8 -11.7
1208 1 1 2 22.4 21.3 -5.0
1210 1 1 4 6.73 6.10 -9.3
1211 1 1 4 12.1 11.2 -7.6
1225 2 1 0.5 364 343 -5.9
1226 2 1 0.5 288 378 31.3
1228 2 1 2 317 330 4.2
1229 2 1 2 360 360 0.1
1231 2 1 4 69.9 63.7 -8.9
1232 2 1 4 118 127 7.3
1234 2 1 6 39.5 37.7 -4.6
1235 2 1 6 8.37 8.42 0.6
1247 3 1 0.5 509 494 -2.9
1251 3 1 2 301 417 38.6
1253 3 1 4 332 325 -2.3
1255 3 1 6 199 193 -2.9
1256 3 1 6 103 106 2.3
1258 3 1 8 24.1 25.0 3.7

% difference = {(reassay conc. - original conc.)/original conc.} X 100
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Figure 2 Representative LLOQ Standard Chromatogram
(Theoretical Concentration 1.00 µg/mL)
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Figure 3 Representative ULOQ Standard Chromatogram
(Theoretical Concentration 1000 µg/mL)

Testing Facility Study No. UZS00009Daikin Industries, LTD

167 of 214



Page 25
Testing Facility Study No. UZS00009 Test Site Ref. No. 141660

Figure 4 Representative Double Blank Chromatogram
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Figure 5 Representative Sample Chromatogram
(Group 1, Animal No. 3000, Day 1, Predose)
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Figure 6 Representative Sample Chromatogram
(Group 1, Animal No. 1204, Day 1, 0.5 h)

Testing Facility Study No. UZS00009Daikin Industries, LTD

170 of 214



Page 28
Testing Facility Study No. UZS00009 Test Site Ref. No. 141660

Figure 7 Representative Sample Chromatogram
(Group 2, Animal No. 1222, Day 1, Predose)
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Figure 8 Representative Sample Chromatogram
(Group 2, Animal No. 1228, Day 1, 2 h)
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Figure 9 Representative Sample Chromatogram
(Group 3, Animal No. 1243, Day 1, Predose)
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Figure 10 Representative Sample Chromatogram
(Group 3, Animal No. 1252, Day 1, 4 h)
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Appendix 1 Certificate of Analysis
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APPENDIX 6 - ENVIRONMENTAL AND HUSBANDRY REPORTS 
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TEMPERATURE AND RELATIVE HUMIDITY 
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FEED ANALYSIS 
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WATER ANALYSIS 
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BEDDING ANALYSIS
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