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GENERAL INFORMATION (Continued)

Study Dates1

Study initiation date (protocol signed by the Study Director): 08 January 2010
Experimental starting date (animal receipt): 05 January 2010
Experimental start date 
(administration of single oral dose; study day 0) 18 January 2010
Scheduled interim necropsy (study day 2) 20 January 2010
Scheduled primary necropsy (study day 14) 01 February 2010
Experimental termination date (last histopathological examination): 01 March 2010

Deviations from the Guidelines
None

Data Retention and Retention of Samples
The Sponsor has title to all documentation records, raw data, specimens, or other work 
product generated during the performance of the study.  Any remaining dosing formulations 
and clinical pathology samples will be discarded upon issuance of the final report; all 
remaining work product generated by WIL, including raw paper data and specimens, are 
retained in the WIL Archives as specified in the study protocol.

A reserve sample of AvHPPD-03 and pertinent electronic storage media are retained in the 
WIL Archives in compliance with regulatory requirements.  The original final report is 
retained in the Archives of the Sponsor, at Syngenta Crop Protection, LLC, Greensboro, NC.

                                                
1  = Date ranges represent the first and last dates of evaluation.
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1.0 EXECUTIVE SUMMARY

1.1 Study Design

The test substance, AvHPPD-03-0209 containing the active ingredient AvHPPD-03 protein 
(72.2% purity w/w), was administered as a single oral dose via gavage to 3 groups of 
Crl:CD1(ICR) mice (Groups 2, 3, and 4).  Dose levels were 500, 1500, and 2000 mg active 
ingredient/kg body weight, respectively.  The vehicle, deionized water, was administered to a 
concurrent control group (Group 1) on a comparable regimen.  The dose volume was 
20 mL/kg for all groups.  Each group consisted of 10 animals/sex.  Five animals/sex/group 
were euthanized a minimum of 48 hours following dose administration (study day 2).  The 
remaining 5 animals/sex/group were euthanized following a 14 day observation period.

All animals were observed twice daily for mortality and moribundity.  Clinical examinations 
were performed at the time of dosing and at approximately 1-2 and 4-5 hours post dosing on 
the day of dose administration (study day 0) and once daily during the observation period 
(study days 1 13).  Detailed physical examinations were performed weekly and individual 
body weights and food consumption were recorded daily.  Clinical pathology parameters 
(hematology) were analyzed at the interim necropsy (study day 2) and primary necropsy 
(study day 14) for those animals scheduled for necropsy.  Complete necropsies were 
conducted and selected tissues were examined microscopically from all animals.  

1.2 Results

All animals survived to the scheduled necropsies on study days 2 and 14.  There were no 
AvHPPD-03-related clinical observations.  There were no AvHPPD-03-related effects on 
body weights, food consumption, hematology parameters, or any histological or macroscopic 
findings at the scheduled necropsies.

1.3 Conclusion

The test substance, AvHPPD-03-0209 containing the active ingredient AvHPPD-03 protein 
(72.2% purity w/w) was administered as a single oral dose at 500, 1500, and 2000 mg active 
ingredient/kg of body weight to CD-1 mice.  Following a 2-day and 14-day observation 
period, the results indicated that AvHPPD-03 was well tolerated.  All mice survived to the 
scheduled 2-day interim necropsy or 14-day primary necropsy without clinical signs of 
distress or impairment, and anatomical pathology results did not identify any specific target 
organ toxicity.  Therefore, under the conditions of this study, there was no evidence of 
toxicity resulting from oral administration of AvHPPD-03 protein.  The no-observed-
adverse-effect level (NOAEL) for a single oral dose (gavage) of AvHPPD-03-0209 
containing the active ingredient AvHPPD-03 protein to Crl:CD 1(ICR) mice was 2000 mg of 
active ingredient/kg of body weight, the highest dose level examined in the study.
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2.0 INTRODUCTION

2.1 Purpose

The objective of this study was to evaluate the potential toxicity of the 
p-hydroxyphenylpyruvate dioxygenase protein (AvHPPD-03) and to establish a 
no-observable-adverse-effect level (NOAEL) for AvHPPD-03 when administered as a single 
dose orally by gavage to mice, followed by a 2-day and 14-day observation period to assess 
the reversibility, persistence, or delayed occurrence of any toxic effects.

The AvHPPD-03 protein is a p-hydroxyphenylpyruvate dioxygenase (HPPD) enzyme that 
catalyzes the formation of homogentisic acid, the aromatic precursor in plastoquinone and 
vitamin E biosynthesis in plants.

2.2 Regulatory Guidelines

The study procedures described in this report are adapted from the following guidelines:

European Community Guidelines for the Assessment of Additives in Feeding Stuffs
US FDA Redbook 2000
US EPA Health Effects Test Guidelines
US EPA Microbial Pesticide Test Guidelines

2.3 General Study Information

This report presents the data from “AvHPPD-03: Single-Dose Oral (Gavage) Toxicity Study 
in Mice with a 2-Day or 14-Day Observation Period.”  Due to software spacing constraints, 
the study title appears as “A Single-Dose Oral Gavage Study of AvHPPD-03 in Mice” on the 
report tables.  On 15 August 2011,   assumed the role of Study 
Director originally held by .  

Deviations from the protocol are presented in Appendix 1.  A list of abbreviations potentially 
used in this report is presented in Section 7.0 (Abbreviations).

For the data collection process, each phase of the study was separated into what were termed 
WIL computer protocols.  The computer protocol reference numbers and types of data 
collected were identified as follows:

Computer Protocol Type of Data Collected

WIL-639061 Main study data
WIL-639061P Pre-test data
WIL-639061U Nondosing day observations
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3.0 MATERIALS AND METHODS

3.1 AvHPPD-03 and Vehicle

3.1.1 AvHPPD-03

AvHPPD-03 protein, as contained in the microbially produced, lyophilized test substance 
AvHPPD-03-0209, was received from Syngenta Biotechnology, Inc., Research Triangle 
Park, NC, on 12 January 2010, as follows:

Identification: AvHPPD-03-0209

Description: Brown lyophilized cake

Batch number: J8373/189 [WIL ID no. 8348A]

Purity: 72.2% AvHPPD-03

Expiry date (retest date): August 2019

Storage conditions: Frozen (-20°C±8°C)

Documentation regarding the purity and stability of AvHPPD-03 is on file with the Sponsor 
and WIL.  A Certificate of Analysis for AvHPPD-03 was provided by the Sponsor and is 
presented in Appendix 2.  The purity of AvHPPD-03 was 72.2% w/w.  AvHPPD-03 was 
stored frozen, and was considered stable under these conditions.  A reserve sample of 
AvHPPD-03 (approximately 0.25 grams) was collected and stored in the WIL Archives.

3.1.2 Vehicle Identification and Preparation

The vehicle used in preparation of AvHPPD-03 formulations and for administration to the 
control group was deionized water, prepared on-site.  A sufficient amount of deionized water 
was dispensed into a glass container and mixed with a magnetic stirrer throughout use.  The 
vehicle was prepared on the day of dosing (study day 0) and stored at room temperature.
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3.1.3 Preparation of AvHPPD-03 Dosing Formulations

Dosing formulations were prepared at the AvHPPD-03 concentrations indicated in the 
following table:

Group 
Number Treatment

Dose Level a

(mg/kg)

Dose 
Concentration a

(mg/mL) pH b

1 Vehicle c 0 0 6
2 AvHPPD-03 500 25 7
3 AvHPPD-03 1500 75 8
4 AvHPPD-03 2000 100 8

a - Dose level and dose concentration refer to the concentration of the active ingredient, the AvHPPD-03 protein, 
relative to the animal weight and the protein in the vehicle, respectively.

b - pH measurement of the study day 0 dosing formulations using litmus paper.
c - Deionized water prepared on-site.

The AvHPPD-03 formulations were weight/volume (AvHPPD-03/vehicle) mixtures.  The 
AvHPPD-03 formulations were prepared once on 18 January 2010 (the day of dose 
administration) and kept at room temperature prior to dosing.  The AvHPPD-03 formulations 
were stirred continuously throughout the preparation and dosing procedures.

Dose level and dose concentration for the test substance, AvHPPD-03-0209, were adjusted 
for the purity of the active ingredient (72.2% w/w AvHPPD-03).  Therefore, the dose levels 
of AvHPPD-03 were 692.5, 2077.5, and 2770.0 mg/kg and the concentration of AvHPPD-03 
in the dosing formulations was 34.6, 103.9, and 138.5 mg/mL for Groups 2, 3, and 4, 
respectively.

3.1.4 Sampling and Analyses

Analyses of the dosing formulations for concentration and homogeneity of the active 
ingredient, AvHPPD-03 protein, were not conducted as part of this study.

3.2 Experimental Design

3.2.1 Test System, Animal Receipt, and Acclimation/Pre-test Period

Crl:CD-1(ICR) mice were used as the test system for this study.  This species and strain of 
animal has historically been the preferred and most commonly used for short-term (acute) 
toxicity studies.  The mouse was selected because it is a commonly used model for 
evaluating toxicity of various classes of chemicals and a widely used species for which 
significant control data are available.  The number of animals selected for this study (see 
Section 3.2.6.) was sufficient to provide adequate statistical evaluation of the data and is the 
recommended number (OECD, 2001; US EPA, 2002) to achieve the objectives of the study.
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Crl:CD-1(ICR) mice (46 males and 46 females) were received in good health from Charles 
River Laboratories, Inc., Raleigh, NC on 5 January 2010.  The animals were approximately 
52 days old at receipt.  Each animal was examined by a qualified technician on the day of 
receipt and weighed 3 days later.  Each animal was uniquely identified with a subcutaneous 
microchip (BMDS system) implanted in the dorsoscapular area.  All animals were housed for 
a 13 day acclimation/pre-test period.  During this period, each animal was observed twice 
daily for mortality and changes in general appearance or behavior.

Pre-test data collection began on 8 January 2010.  Individual body weights and food 
consumption were recorded and detailed physical examinations were performed periodically 
during the pre-test period.  Pre-test clinical observations are presented in Appendix 3.

3.2.2 Animal Housing

Upon arrival, all animals were housed 2 to 3 per cage by sex for approximately 3 days. 
Thereafter, all animals were housed individually in clean, stainless steel, wire mesh cages 
suspended above cage board.  Animals were maintained in accordance with the Guide for the 
Care and Use of Laboratory Animals (National Research Council, 1996).  The animal 
facilities at WIL are accredited by AAALAC International.  Enrichment devices were 
provided to all animals as appropriate throughout the study for environmental enrichment and 
to aid in maintaining the animals’ oral health, and were sanitized weekly.

3.2.3 Diet, Drinking Water, and Maintenance

The basal diet used in this study, PMI Nutrition International, LLC, Certified Rodent 
LabDiet® 5002 (meal), is a certified feed with appropriate analyses performed by the 
manufacturer and provided to WIL.  Reverse osmosis treated (on site) drinking water, 
delivered by an automatic watering system, and the basal diet were provided ad libitum 
throughout the study.  Municipal water supplying the facility was analyzed for contaminants 
according to SOPs.  The results of the diet and water analyses are maintained at WIL.  No 
contaminants were present in animal feed or water at concentrations sufficient to interfere 
with the objectives of this study.

3.2.4 Environmental Conditions

All animals were housed throughout the acclimation period and during the study in an 
environmentally controlled room.  The room temperature and humidity controls were set to 
maintain environmental conditions of 71 ± 5°F (22 ± 3°C) and 50 ± 20%, respectively.  
Room temperature and relative humidity data were recorded approximately hourly and are 
summarized in Appendix 4.  Actual mean daily temperature ranged from 70.1°F to 70.9°F 
(21.2°C to 21.6°C) and mean daily relative humidity ranged from 37.8% to 42.4% during the 
study.  Fluorescent lighting provided illumination for a 12 hour light (0600 hours to 
1800 hours)/12 hour dark photoperiod.  Air handling units were set to provide a minimum of 
10 fresh air changes per hour.

Report Number: WIL-639061   

 
 
 



3.2.5 Assignment of Animals to Treatment Groups

On 14 January 2010 (4 days prior to the initiation of dose administration), all available mice 
were weighed and examined in detail for physical abnormalities.  These data were collected 
using WTDMS™ and reviewed by the Study Director.  The animals judged suitable for 
assignment to the study were selected for use in a computerized randomization procedure.  A 
printout containing the animal numbers, corresponding body weights, and individual group 
assignments was generated based on body weight stratification in a block design.  The 
animals were then arranged into groups according to the printout.  Individual body weights at 
randomization were within ± 20% of the mean for each sex.  Animals not assigned to study 
were transferred to the WIL stock colony or euthanized by carbon dioxide inhalation and 
discarded.

Each group (Groups 1-4) consisted of 10 males and 10 females.  The animals were 
approximately 9 weeks old at the initiation of dose administration.  Individual body weights 
ranged from 26.6 g to 34.8 g for males and from 24.2 g to 29.6 g for females at 
randomization (study day -4)

3.2.6 Organization of Test Groups, Dose Levels, and Treatment Regimen

The vehicle and AvHPPD-03 formulations were administered as a single oral dose via 
gavage using syringes of appropriate volume equipped with an appropriately sized flexible 
Teflon® shafted, stainless steel ball tipped dosing cannula (Natume, Japan).  The dose 
volume for all groups was 20 mL/kg.  Individual doses were based on the study day 0 
individual body weights collected after the 3-hour fasting period to provide the appropriate 
mg/kg dose.  The day of dosing was study day 0.

The following table presents the study group assignment:

Group 
Number

Vehicle/
AvHPPD-03

Dose Level a

(mg/kg)

Dose 
Volume 
(mL/kg)

Number of Animals b

Males Females

1 Vehicle c 0 20 10 10
2 AvHPPD-03 500 20 10 10
3 AvHPPD-03 1500 20 10 10
4 AvHPPD-03 2000 20 10 10

a  - Dose level refers to the concentration of the active ingredient, the AvHPPD-03 protein, relative to the animal weight 
in kilograms.

b  - Five animals/sex/group were euthanized following a minimum of 48 hours after dose administration; the remaining 
5 animals/sex/group were euthanized following a 14-day observation period.

c  - The vehicle was deionized water (prepared on-site).

The dose levels in this study were used to determine a no-observed-adverse-effect level 
(NOAEL) for the AvHPPD-03 protein.  The highest dose level of 2000 mg AvHPPD-03 
protein/kg body weight was selected because it represents a limit dose for this type of study 
(OECD, 2001; US EPA, 2002).  The lower dose levels that were selected, 500 and 1500 mg 
AvHPPD-03 protein/kg of body weight, were included to account for possible non-specific 
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AvHPPD-03 effects and to determine any dose-response relationships.  The selected route of 
administration for this study was oral (gavage), because the oral route presents a likely route 
of human exposure and other mammalian exposure to the test protein.

3.3 Antemortem Investigations

3.3.1 Survival

All animals were observed twice daily, once in the morning and once in the afternoon, for 
mortality and moribundity.

3.3.2 Clinical Observations

Clinical examinations were performed 3 times on each day of dosing, at the time of dose 
administration and approximately 1-2 hours and 4-5 hours following dose administration.  
On nondosing days, the animals were observed once daily.  The absence or presence of 
findings was recorded for individual animals at the scheduled intervals.  Detailed physical 
examinations were conducted on all animals weekly, beginning approximately 1 week prior 
to AvHPPD-03 administration and prior to the scheduled necropsies.  Clinical observations 
were not performed on study days 7 and 14 when detailed physical examinations were 
conducted.

3.3.3 Body Weights

Individual body weights were recorded at least weekly during the pre-test period, at 
randomization, just prior to dosing (after at least 3 hours of fasting), and daily throughout the 
observation period.  Mean body weights and mean body weight changes were calculated for 
the corresponding intervals.

3.3.4 Food Consumption

Individual food consumption was recorded at least weekly during the pre-test period, at 
randomization, and daily throughout the observation period.  Food intake was calculated as 
g/animal/day for the corresponding body weight intervals.  When food consumption could 
not be measured for a given interval (due to spillage, weighing error, obvious erroneous 
value, etc.), the appropriate interval was footnoted as "NA" (Not Applicable) on the 
individual tables.

3.3.5 Clinical Pathology - Hematology

Blood samples for clinical pathology evaluations (hematology) were collected from all 
animals scheduled for necropsy at the scheduled necropsies (study days 2 and 14).  Blood 
was collected via the retro-orbital sinus of animals anesthetized by inhalation of isoflurane.  
Blood was collected into tubes containing potassium EDTA.  Clinical pathology methods, 
procedures, and references are presented in Appendix 5.  Interpretation of the clinical 
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pathology data was performed by Ann Radovsky, DVM, PhD, DACVP, DABT 
(Appendix 6).  The following parameters were evaluated:

Total leukocyte count (WBC)
Erythrocyte count (RBC)
Hemoglobin (HGB)
Hematocrit (HCT)
Mean corpuscular volume (MCV)
Mean corpuscular hemoglobin 

(MCH)
Mean corpuscular hemoglobin 

concentration (MCHC)
Platelet count (PLATELET)
Reticulocyte count

Percent (RETIC)
Absolute (RETIC ABSOLUTE)

Differential leukocyte count -
Percent and absolute
-Neutrophil (NEU)
-Lymphocyte (LYMPH)
-Monocyte (MONO)
-Eosinophil (EOS)
-Basophil (BASO)

-Large unstained cell (LUC)
Red cell distribution width (RDW)
Hemoglobin Distribution Width (HDW)
Platelet estimate a

Red cell morphology 
(RBC Morphology) a

( ) - Designates tabular abbreviation
a - Presented on individual tables if a manual differential was performed, and the manual data were accepted 

and reported instead of the automated differential data

3.4 Postmortem Investigations

3.4.1 Macroscopic Examination

A complete necropsy was conducted on all animals.  Animals were euthanized by carbon 
dioxide inhalation followed by exsanguination.  The necropsies included, but were not 
limited to, examination of the external surface, all orifices, and the cranial, thoracic, 
abdominal, and pelvic cavities, including viscera.  The following tissues and organs were 
collected and placed in 10% neutral buffered formalin (except as noted):
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Adrenals (2)
Aorta
Bone with marrow

Femur with joint
Sternum

Bone marrow smear a

Brain
Cerebrum level 1
Cerebrum level 2
Cerebellum with medulla/pons

Cervix
Epididymides (2) b

Eyes with optic nerve (2) c

Gallbladder
Gastrointestinal tract

Esophagus*
Stomach*
Duodenum*
Jejunum*
Ileum*
Cecum*
Colon*
Rectum*

Heart 
Kidneys (2)*
Liver (sections of 2 lobes)*
Lungs (including bronchi, fixed by 

inflation with fixative)

Lymph nodes
Axillary(2)
Mandibular (2)*
Mesenteric*

Ovaries with oviducts (2) d

Pancreas
Peripheral nerve (sciatic)
Peyer’s patches*
Pituitary
Prostate
Salivary glands (mandibular [2])
Seminal vesicles (2)
Skeletal muscle (rectus femoris)
Skin (with mammary gland) e

Spinal cord (cervical, thoracic, 
lumbar)

Spleen*
Testes (2) b

Thymus*
Thyroid (with parathyroids, if 

present [2]) d

Trachea
Urinary bladder
Uterus 
Vagina
Gross lesions (when possible)*

a - Bone marrow smears were obtained at scheduled necropsies, but not placed in formalin; slides were not 
examined.

b - Fixed in Bouin’s solution
c - Fixed in Davidson’s solution
d - Oviducts and parathyroids were examined histopathologically if in the plane of section and in all cases where a 

gross lesion was present.
e - For females; a corresponding section of skin was taken from the same anatomic area for males.
* - Tissues to be processed for histopathological examination from all animals at the scheduled necropsies.

3.4.2 Slide Preparation and Microscopic Examination

After fixation, protocol specified tissues were trimmed according to WIL SOPs and the 
protocol.  Trimmed tissues were processed into paraffin blocks, sectioned at 4 to 8 microns, 
mounted on glass microscope slides and stained with hematoxylin and eosin.

Microscopic examination was performed on all tissues noted with an asterisk (*) in 
Section 3.4.1. from all animals at the scheduled necropsies.  The remaining tissues were 
stored in 10% neutral-buffered formalin (except as noted) for possible future histopathology 
examination.  Missing tissues were identified as not found at necropsy, lost at necropsy, lost 
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during processing, or other designations as appropriate.  Tissues may appear on the report 
tables as not examined due to the tissue not being in the plane of section, not present at 
trimming, etc.  Microscopic examination was performed by Ann Radovsky, DVM, PhD, 
DACVP, DABT (Appendix 6).

3.5 Data Acquisition and Analysis

3.5.1 Acquisition and Reporting

Program/System Description
Archive Management System (AMS) In-house developed application for storage, 

maintenance, and retrieval of information for archived 
materials (e.g., lab books, study data, wet tissues, 
slides, etc.) 

Formulations Dose Dispensing 
Management System (FDDMS) 

In-house developed system used to assign unique 
barcodes to formulation containers and individual 
containers used for dispensing dosing formulations.

InSight® Publisher Electronic publishing system (output is Adobe Acrobat, 
PDF)

Master Schedule Maintains the master schedule for the company. 

Metasys DDC Electronic Environmental 
Control System

Controls and monitors animal room environmental 
conditions.

Microsoft® Office 2002 and 2007; 
GraphPad Prism® 2008

Used in conjunction with the publishing software to 
generate study reports.

Provantis Dispense™ Comprehensive system (Instem LSS Limited) to 
manage test materials, including receipt, formulation 
instructions, and accountability.

SAS® Statistical (non-WTDMS™) Analyses

WIL Formulations Dispense System 
(WFDS)

In-house developed system for use in conjunction with 
Provantis Dispense™ to ensure proper storage and use 
of formulations.

WIL Metasys In-house developed system used to record and report 
animal room environmental conditions. 

WIL Toxicology Data Management 
System™ (WTDMS™) 

In-house developed system used for collection and 
reporting of in-life and postmortem data.

Note: Version numbers of WTDMS™ programs used for the study are presented on the report data tables 
(reporting programs); version numbers and release dates are otherwise maintained in the study records and/or 
facility records.

3.5.2 Statistical Analysis

Each mean was presented with the standard deviation (S.D.), standard error (S.E.), and the 
number of animals (N) used to calculate the mean.  Due to the different rounding conventions 
inherent in the types of software used, the means and standard deviations on the summary 
and individual tables may differ by ±1 in the last significant figure.  
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All statistical tests were performed using the WTDMS™ software program unless otherwise 
noted.  Analyses were conducted using two-tailed tests (except as noted otherwise) for 
minimum significance levels of 1% and 5%, comparing each AvHPPD-03-treated group to 
the control group by sex.

Body weight, body weight change, food consumption, and clinical pathology data were 
subjected to a parametric one way ANOVA (Snedecor and Cochran, 1980) to determine 
intergroup differences.  If the ANOVA revealed statistically significant (p<0.05) intergroup
variance, Dunnett's test (Dunnett, 1964) was used to compare the AvHPPD-03-treated groups 
to the control group.

4.0 RESULTS AND DISCUSSION

4.1 Survival 

Summary Data: Table S1
Individual Data: Table I1

All animals survived to the scheduled necropsies.

4.2 Clinical Observations 

Summary Data: Table S2, Table S3, Table S4
Individual Data: Table I2, Table I3, Table I4, Table I5

There were no AvHPPD-03 related clinical observations.

Clinical observations of wet and/or dry yellow material on the urogenital area were noted for 
2 males (animal nos. 8703 and 8673) in the 2000 mg/kg/day group on study days 5, 6, 7, 8, 
11, 13, and 14 for male no. 8703 and on study days 11, 13, and 14 for male 8673.  Since 
these clinical observations were noted in 2 out of 10 males in the 2000 mg/kg/day group 
during the observation period, these findings were considered specific to these animals and 
not related to AvHPPD-03 administration.  All other clinical findings in the AvHPPD-03 
treated groups were noted with similar incidence in the control group, were limited to single 
animals, were not noted in a dose related manner and/or were common findings for 
laboratory mice of this age and strain.

4.3 Body Weights 

Summary Data: Table S5, Table S6, Table S7; Figure 1, Figure 2
Individual Data: Table I6, Table I7, Table I8

There were no AvHPPD-03-related effects on body weights.
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Statistically significantly lower mean body weight gains were noted for the 1500 mg/kg 
group males from study day 1 to 2 and for the 2000 mg/kg group females from study day 7 to 
8 when compared to the control group.

These statistically significant differences were sporadic and did not occur in a dose-related 
manner; therefore, they were considered to be incidental in nature and unrelated to 
AvHPPD-03 administration.

For the 1500 mg/kg group females, statistically significantly higher mean cumulative body 
weight gains were noted from study days 0 to 13 and 0 to 14.  These differences were not 
seen in the 2000 mg/kg group females, and therefore, were not considered to be dose-related.

4.4 Food Consumption

Summary Data: Table S8
Individual Data: Table I9

There were no AvHPPD-03-related effects on food consumption.

During the study day 0 to 1 interval, slightly lower (statistically significant) mean food 
consumption values were noted for the 2000 mg/kg group females; however, the mean food 
consumption value for the 2000 mg/kg group was within the WIL historical control reference 
range (version 3.1).  This statistically significant difference was sporadic and was most likely 
due to the individual value for female no. 8706 which was outside of the reference range.  
Therefore, it was considered to be incidental in nature and unlikely related to AvHPPD-03 
administration.

Mean food consumption values during the 2-day or 14-day observation periods for the 
AvHPPD-03-treated group males and females were similar to the control group.

4.5 Clinical Pathology - Hematology

Summary Data: Table S9
Individual Data: Table I10, Table I11
Pathology Report: Appendix 6

There were no AvHPPD-03-related alterations in hematology parameters.

At the study day 14 evaluation, there were statistically significantly lower mean hemoglobin 
values for the 1500 and 2000 mg/kg group females and lower mean hematocrit values for the 
500, 1500, and 2000 mg/kg group females.  The magnitude of these changes was small and 
the values were within the WIL historical control reference range (version 2.9); therefore, 
they were not considered to be related to administration of AvHPPD-03.

Statistically significantly higher mean red blood cell counts and lower mean corpuscular 
hemoglobin (MCH) values were noted on study day 14 in the 500 mg/kg group males.  There 
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was no dose response and the mean MCH value was within the WIL historical control 
reference range (version 3.1); therefore, these changes were not considered related to 
AvHPPD-03 administration.

4.6 Anatomic Pathology

4.6.1 Macroscopic Examination

Summary Data: Table S10, Table S11
Individual Data: Table I12, Table I13
Pathology Report: Appendix 6

There were no AvHPPD-03-related gross findings at the study day 2 and study day 14 
necropsies.  All macroscopic findings noted were considered to be spontaneous and/or 
incidental in nature and unrelated to test substance administration.

4.6.2 Microscopic Examination

Summary Data: Table S12, Table S13
Individual Data: Table I12, Table I13
Pathology Report: Appendix 6

Histopathological examination revealed no AvHPPD-03-related findings.  The small number 
of changes that were recorded were considered spontaneous in nature and were consistent 
with the normal background findings seen in this laboratory for healthy Crl:CD-1(ICR) mice.

5.0 CONCLUSIONS

The test substance, AvHPPD-03-0209 containing the active ingredient AvHPPD-03 protein 
(72.2% purity w/w), administered as a single oral dose at 500, 1500, and 2000 mg active 
ingredient/kg of body weight to CD-1 mice followed by a 2-day or 14-day observation period 
was well tolerated.  All mice survived to the scheduled necropsy without clinical signs of 
distress or impairment, and anatomical pathology results did not identify any specific target 
organ toxicity.  Therefore, under the conditions of this study, there was no evidence of 
toxicity resulting from administration of AvHPPD-03 protein.  The no observed adverse-
effect level (NOAEL) for a single oral dose (gavage) of AvHPPD-03-0209 containing the 
active ingredient AvHPPD-03 protein to Crl:CD 1(ICR) mice was 2000 mg of active 
ingredient/kg of body weight, the highest dose level examined in the study.
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7.0 ABBREVIATIONS

The following abbreviations may apply to this report:
μ - micro

AAALAC - Association for Assessment and Accreditation of Laboratory Animal Care
ANOVA - analysis of variance

cm - centimeter
CEO - correlates with externally observed

dL - deciliter
EPA - Environmental Protection Agency
exp. - expiration

FIFRA - Federal Insecticide, Fungicide and Rodenticide Act
g - gram

GLP - Good Laboratory Practices
GMP - Good Manufacturing Practices

hr - hour(s)
kg - kilogram
L - liter

M - molar
mg - milligram
mL - milliliter
mm - millimeter
ms - milliseconds

mM - millimolar
NA - not applicable
no. - number

OECD - Organisation for Economic Cooperation and Development
OPPTS - Office of Prevention, Pesticides and Toxic Substances

SOP - standard operating procedure
US - United States

WIL Research - WIL Research Laboratories, LLC
WTDMS™ - WIL Toxicology Data Management System
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DEVIATIONS FROM THE PROTOCOL

This study was conducted in accordance with the protocol and protocol amendments, 

except for the following.

• Protocol Section 2.4. states that the study pathologist will be added by amendment; 
however, the study pathologist, , was 
not amended to the protocol.  

Reason for Deviation:  Amendment not prepared to designate the study pathologist 
as indicated in the protocol.

• Protocol Section 4.1.2. states that the batch number of the test substance provided for 
this study will be AvHPPD-03-0209; however, the batch number of the test substance 
provided and used for the study was J8373/189 (vials 92, 94, and 95).  

Reason for Deviation:  Incorrect batch number provided by the Sponsor.

These deviations did not negatively impact the quality or integrity of the data or the 

outcome of the study.
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APPENDIX 2 Certificate of Analysis (Sponsor-Provided Data)
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CLINICAL PATHOLOGY METHODS, PROCEDURES, AND REFERENCES

Hematology - Manual Methods

White Cell Differential - Manual method of counting 100 white cells stained with Wright 
Giemsa and entered on-line into the data files.

Reticulocyte Count - Manual method of counting the reticulocytes present in 1000 red 
blood cells stained with New Methylene Blue and entered on-line into the data files.

Red Blood Cell Morphology - Manual method of evaluating red blood cells on a Wright 
Giemsa-stained slide and entered on-line into the data files.

Platelet Estimate- Manual method of evaluating platelets on a Wright Giemsa-stained slide.  
Platelet estimation is evaluated and entered on-line into the data files as decreased, adequate,
or increased.  Platelet clumps present on the slide will be reported as part of the RBC 
morphology.

Hematology-Bayer Advia® 120-Siemens Healthcare Diagnostics/(Formerly: Bayer 
Advia®120)

WBC Count - The whole blood sample is mixed with ADVIA® 120 BASO reagent that 
contains acid and surfactant. The red cells are hemolyzed, and the white blood cells are then 
analyzed using two angle laser light scatter signals. Default unit: x 10³ cells/ L

RBC / Platelet Count - Both red blood cells and platelets are analyzed by a single optical 
cytometer after appropriate dilution of the blood sample with ADVIA® 120 RBC/PLT 
reagent.  The red blood cells are isovolumetrically sphered and lightly fixed with 
glutaraldehyde to preserve the spherical shape. Red cells and platelets are counted from the 
signals from a common detector with 2 different gain settings. Default unit 
RBC: x 106cells/ L.  Default unit PLT: x 10³ cells/ L

HGB - Hemoglobin: The hemoglobin method is a modification of the manual 
cyanmethemoglobin method developed by the International Committee for 
standardization in Hematology (ICSH).  Default unit: g/dL.

HCT – Hematocrit: The percentage of blood volume that is occupied by red blood cells. 
Also referred to as the packed red cell volume. On the ADVIA® 120 Hematology System 
this parameter is derived from the measured red cell volume (MCV) and the red cell 
count (RBC).  Default unit: %.
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MCH - Mean Corpuscular Hemoglobin: the average weight of hemoglobin in the red 
blood cells, calculated from the RBC and Hgb measurements.  Default unit: pg.

MCHC - Mean Corpuscular Hemoglobin Concentration: the average concentration of 
hemoglobin in the red blood cells.  This parameter is computed from the measured 
hemoglobin and the computed hematocrit.  Default unit: g/dL. 

MCV - Mean Corpuscular Volume: the average volume of the red blood cells.  Default 
unit: fL

HDW - Hemoglobin concentration distribution width.  This parameter is derived from 
direct flow cytometric measurements of red cell hemoglobin concentration, and is 
increased in conditions of red cell anisochromasia.  Default unit: g/dL.

RDW - Red Cell Distribution Width: the CV of the RBC volume histogram, calculated 
from the RBC volume SD and the MCV.  Default unit: %.

White blood cell differential - The ADVIA® 120 Hematology System White Blood Cell 
Differential (WBC DIFF) methods, consists of both the Peroxidase method and the 
Basophil/Lobularity method.  The ADVIA® 120 Hematology System performs a six-part 
differential that consists of basophils, eosinophils, large unstained cells, lymphocytes, 
monocytes, and neutrophils.  The white blood cell differential count is reported in percent 
and the actual number of each type of cell per microliter of blood.

Reticulocyte - This method uses a nucleic acid dye (oxazine 750) to stain cellular RNA.  
The ADVIA® 120 autoRETIC reagent isovolumetrically spheres the erythroid cells and 
stains cellular RNA.  Low-angle laser light scatter, high-angle laser light scatter, and 
absorption characteristics of all cells are counted and measured.  The absorption data are 
used to classify each cell as a reticulocyte or mature red blood cell based on its RNA 
content.  The reticulocyte is reported in percent and actual number x 109cells/Liter = 
thous/μl. 

References:

ADVIA® 120 Hematology System Operator's Guide: Copyright© 1997, 1998. Siemens 
Healthcare Diagnostics/(Formerly: Bayer Corporation Diagnostics Division).
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1.0 INTRODUCTION

The objective of this study was to evaluate the potential toxicity of the 
p-hydroxyphenylpyruvate dioxygenase protein (AvHPPD-03) and to establish a 
no-observable-adverse-effect-level (NOAEL) for AvHPPD-03 when administered as a single 
dose orally by gavage to mice, followed by a 2-day and 14-day observation period to assess 
the reversibility, persistence, or delayed occurrence of any toxic effects.

2.0 STUDY DESIGN

Male and female Crl:CD-1 (ICR) mice, approximately 9-10 weeks of age, were administered 
vehicle or AvHPPD-03 formulations once by oral gavage as indicated in the following table.  
The dosage volume was 20 mL/kg for all groups.

Group 
Number Treatment

Dose Level 
(mg/kg)

Number of Animalsa

Males Females

1 Vehicle b 0 10 10
2 AvHPPD-03 500 10 10
3 AvHPPD-03 1500 10 10
4 AvHPPD-03 2000 10 10

a - 5 animals/sex/group were euthanized following a minimum of 48 hours after dose 
administration (interim necropsy, study day 2). The remaining animals were euthanized 
following a 14-day observation period after dose administration (primary necropsy, 
study day 14). 

b - The vehicle was deionized water.

3.0 METHODS

3.1 Ante Mortem Investigations

3.1.1 Clinical Pathology - Hematology

Hematology parameters were evaluated on all animals just prior to the scheduled necropsies 
for those animals scheduled for necropsy.  Blood was collected via the retro-orbital sinus of 
animals anesthetized by inhalation of isoflurane.  The anticoagulant was potassium EDTA. 

The following parameters were evaluated.
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Total leukocyte count (WBC)
Erythrocyte count (RBC)
Hemoglobin (HGB)
Hematocrit (HCT)
Mean corpuscular volume (MCV)
Mean corpuscular hemoglobin 

(MCH)
Mean corpuscular hemoglobin 

concentration (MCHC)
Platelet count (Platelet)
Reticulocyte count

Percent (Retic)
Absolute (Retic Absolute)

Red cell distribution width
(RDW)

Hemoglobin distribution width
(HDW)

Differential leukocyte count -
Percent and absolute
-Neutrophil (NEU)
-Lymphocyte (LYMPH)
-Monocyte (MONO)
-Eosinophil (EOS)
-Basophil (BASO)
-Large unstained cell (LUC)

Platelet estimate a

Red cell morphology 
(RBC Morphology) a

( ) - Designates abbreviations used in data tables
a   - Presented on individual tables if a manual differential was performed, and the 

manual data were accepted and reported instead of the automated differential 
data

3.2 Post Mortem Investigations

3.2.1 Macroscopic Examination

Complete postmortem examinations were performed on all animals at the scheduled 
necropsies.  Animals were euthanized by carbon dioxide inhalation and exsanguinated.  At 
the time of necropsy, the following tissues and organs were collected and placed in 
10% neutral-buffered formalin fixative unless otherwise noted:
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Adrenal glands (2)
Aorta
Bone (with marrow)

Femur with joint
Sternum

Bone marrow smear a

Brain
Cerebrum (2 levels)
Cerebellum with pons/medulla

Cervix
Epididymides (2) b

Eyes with optic nerves (2) c

Gallbladder
Gastrointestinal tract

Esophagus*
Stomach*
Duodenum*
Jejunum*
Ileum*
Cecum*
Colon*
Rectum*

Heart 
Kidneys (2)*
Liver*
Lungs (fixed by inflation with 

fixative)

Lymph nodes
Axillary (2)
Mandibular*
Mesenteric*

Ovaries (2) with oviducts d

Pancreas
Peripheral nerve (sciatic)
Peyer’s patches*
Pituitary
Prostate
Salivary glands [mandibular (2)]
Seminal vesicles (2)
Skeletal muscle (rectus femoris)
Skin with mammary glande

Spinal cord (cervical, thoracic, 
lumbar)

Spleen*
Testes (2) b

Thymus*
Thyroids (2) with parathyroids d

Trachea
Urinary bladder
Uterus 
Vagina
Gross lesions (when possible)*

a - Bone marrow smears were not placed in formalin, slides were not examined.
b - Fixed in Bouin’s solution
c - Fixed in Davidson’s solution
d - Oviducts and parathyroids were examined microscopically when in the plane of 

section and in all cases where a gross lesion was present.
e - For females; a corresponding section of skin was taken from the same anatomical 

area for males.
* - Tissues were processed for histopathological examination from all animals at the 

scheduled necropsies. 

3.2.2 Microscopic Examination

Microscopic examination of routinely prepared hematoxylin-eosin stained paraffin sections 
was performed for all animals at the scheduled interim and primary necropsies on selected 
tissues [liver, kidneys, gastrointestinal tract (esophagus, stomach, duodenum, jejunum, 
Peyer’s patches, ileum, cecum, colon and rectum), mesenteric and mandibular lymph nodes, 
spleen, thymus and all gross lesions (when possible)] as identified by asterisks in 
Section 3.2.1. Stained histologic sections were examined by light microscopy and 
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observations were entered in the WIL Toxicology Data Management System (WTDMS™) 
by the pathologist.  All gross necropsy observations were addressed.  Histologic sections 
were of adequate size and quality for detailed evaluation, and the number of tissues examined 
from each treatment group was sufficient to allow detection of test substance-related 
histologic alterations.  Histopathologic lesions were classified using standard published 
terminology to the extent possible.  The WTDMS™ histopathology tables contain all of the 
recorded data and serve as the basis for this narrative report.  

3.3 Data Interpretation

In the discussion of clinical pathology parameters, values derived from the control group 
animals at all time points evaluated were considered as concurrent control values for 
purposes of constructing a ‘normal’ range for the present study.  In addition, historical 
control values for this laboratory were consulted to refine data interpretation.  Unless 
otherwise stated in this report, the ‘normal’ historical control range was represented by 
values within the WIL historical control reference range (the central 95% values).

4.0 RESULTS

4.1 Survival

All mice survived until the scheduled necropsies.

4.2 Clinical Pathology - Hematology

For the presentation of clinical pathology results in this report, the terms “higher” or “lower” 
refer to comparisons between test substance-treated groups versus the concurrent control 
group.  

There were no AvHPPD-03-related alterations in hematology parameters.  At study day 14, 
there were statistically significantly lower mean hemoglobin values for the 1500 and 
2000 mg/kg group females and lower mean hematocrit values for the 500, 1500, and 
2000 mg/kg group females.  The values were within the WIL historical control reference 
range (version 2.9) and were not considered AvHPPD-03-related.  Although the magnitude 
of change from the control group was low, the changes were statistically significant because 
mean control group values for these parameters were on the high end of the WIL historical 
control reference range (version 2.9).  A higher mean red blood cell count and lower mean 
corpuscular hemoglobin value at study day 14 in the 500 mg/kg group males were 
statistically significantly different from the control group but occurred without a dose 
relationship, and hence, were not considered AvHPPD-03-related.  

4.3 Macroscopic Examination

There were no test substance-related gross findings at the scheduled necropsies.  All 
macroscopic findings noted were considered to be spontaneous and/or incidental in nature 
and unrelated to test article administration.
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4.4 Histologic Changes

There were no AvHPPD-03-related histologic changes.  All histologic changes were 
considered to be incidental findings or related to some aspect of experimental manipulation 
other than administration of AvHPPD-03.  There was no AvHPPD-03-related alteration in 
the prevalence, severity, or histologic character of those incidental tissue alterations.  

5.0 CONCLUSIONS

Administration of a single oral (gavage) dose of AvHPPD-03 at 0, 500, 1500, or 2000 mg/kg 
to 9-10 week-old male and female Crl:CD-1 (ICR) mice (10/sex/group) resulted in no 
hematologic, macroscopic, or histologic AvHPPD-03-related changes when 
5 animals/sex/group were examined at either 2 days or 14 days post-dosing.  All mice 
survived until the scheduled necropsies. The no-observable-adverse-effect-level (NOAEL) 
in this study was 2000 mg/kg.
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