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Re: Nomination of Antimony Trioxide for Chronic Testing by NTP/ Testing Recommendations.
Response to Federal Register Notice of April 11, 2006.

Dear Dr. Masten,

This letter is submitted on behalf of the industry consortium, International Antimony Oxide Industry
Association (IAOIA) in response to the nomination of antimony trioxide (ATO) [CAS No.: 1309-64-
4] for chronic and carcinogenicity toxicology as well as cardiotoxicology testing by the NTP. More
specifically, we would like to respond to the recent Federal Register Notice of April 11, 2006 Vol.
71, No. 69. In this notice the NTP Office of Chemical Nomination and Selection announces a
"Request for comment on Toxicological Study Nominations to the NTP" and further indicates that
the Study Recommendations in Table 1 will be discussed at a public meeting on June 13, 2006.

The TAOIA is in support of the proposal to conduct appropriate long-term chronic and
carcinogenicity studies in rodents. We understand the basis for the original nomination was a
concern over the high number of individuals who are occupationally exposed to this material. It was
also inferred from the original nomination that the route of exposure would be by inhalation as this is
the primary route of concern in the workplace. While we do not believe that workers are at risk for
developing lung tumors as a result of occupational exposures at the current Threshold Limit Value
(TLV) of 0.5 mg/m’, we do believe that a chronic study conducted under current guidelines is needed
to better understand the carcinogenic potential of ATO.

Furthermore, in the recent FR notice referenced above, the U.S. Consumer Product Safety
Commission (CPSC) has suggested that ATO should be studied based on an "Anticipated increased
use in upholstered furniture bedding and potential consumer exposures from these uses; insufficient
toxicity data to assess potential health risks." The CPSC staff in their letter to the NTP dated August
1, 2005 recommended 1) Chronic oral studies in rats and/or mice and 2) chronic inhalation study in a
second species, such as hamster. Furthermore it is suggested that nanoscale materials, if used in the
flame retardant process for textiles and bedding applications, should also be assessed. The CPSC
stated that exposures to ATO via dermal, inhalation, and oral routes are possible during manufacture



and from downstream uses of flame-retardant materials consumer applications such as automobile
interiors, infant sleepwear, and home furnishings. The IAOIA concurs with this assessment and also
supports the ongoing CPSC assessments for safe use of selected flame retardants and the
development of a performance standard to reduce the potential for ignition of upholstered furniture
by cigarettes and small open flames, such as matches, cigarette lighters, and candles. The IAOIA
also believes that several hundred deaths, thousands of injuries, and millions of dollars in property
loss could be avoided by the implementation of such a standard. Further to this end, the IAOIA
believes that ATO, as an important flame retardant synergist can be used safely as evidenced by the
toxicology database already available on ATO.

Accordingly, the IAOIA would like to stress that chronic inhalation studies are needed to resolve
contradictions present in the current carcinogenicity database. As noted in our original summary of
the existing ATO dataset, and the summary prepared by the NTP, there is a need to resolve the
limitations and inconsistencies present with respect to the appearance of lung tumors in female rats
and absence of tumors in males. For completeness, included below is our original comment of June
1,2005:

As mentioned in the basis for nomination, the database on antimony (Sb) compounds is limited to three
inhalation studies in rats exposed to ATO particles for one-year duration . The most recently completed
study by Newton et al. 1994 was conducted by the Antimony Oxide Industry Association (AOIA). This
study consisted of a one-year exposure period followed by a one-year recovery period. The protocol for
this study was agreed between the U.S. EPA and the AOIA pursuant to the request from EPA and the
subsequent sanctioning of this protocol by the U.S. EPA through the Negotiated Testing Agreement
process. This study was conducted using modem testing equipment and methods, and was in
compliance with Good Laboratory Practice (GLP) standards. In this study the highest exposure
concentration of 4.5 mg/m’ resulted in impaired clearance rates but did not result in an increased
incidence of tumors in the lungs of either male or female rats compared to controls. The IAOIA would
like to note that even though ATO exposures ceased at 12 months, the animals were kept and observed
for another 12 months prior to their termination with still significant levels of ATO dust remaining in the
lungs as ATO is very insoluble.

As pointed out in the basis for nomination, this study was not considered by the International Agency for
Research on Cancer (IARC) when they concluded antimony trioxide should be classified as a group 2B,
possibly carcinogenic to humans. There are two studies which were considered by IARC demonstrating
the appearance of tumors in the lungs of rats. Again both these studies only exposed animals to ATO for
12 months followed by terminal sacrifices after a recovery period of either 5 (Groth ef af 1986.) or 12-15
months (Watt 1983). In the studies conducted by Groth et af 1986., animals were exposed to both ATO
and an Sb-ore there was a tumor incidence rate of 27% (ATO) or 25% (Sb-ore) in females only (no
tumors were seen in males) without regard to whether they were exposed to antimony as ATO (45.5
mg/m’, 80% Sb ug/g) or as an antimony ore (38 mg/m’, 46% Sb ug/g). While in the study by Watt an
ATO exposure of 4.2 mg/m® induced a tumor incidence 61.7 % in female rats (only sex studied) and 0%
in swine (located in the same chamber). The fact that tumors were observed at such disparate incidence
rates compared to the exposure concentrations and in only one gender is peculiar. However, it is
strongly believed that the 4.2 mg/m”® exposure reported by Watt was an error and that the animals were
likely exposed to significantly more test material. In addition, the fact that the third study by Newton et
al. (1994) did not reveal the same potential indicates that ATO may not be carcinogenic or is acting by a
dust overload mechanism rather than by some direct genotoxic mechanisms. Thus, the IAOIA believes
that a new study conducted by the NTP following current guidelines may help elucidate the mode of
action if tumors can be generated.

Furthermore, such a study should assess chronic, 2-year inhalation exposures in rats, with three
exposure concentrations, the highest exposure being at the MTD (defined as ~doubling particle
retention half time), and the lowest showing a minimal or no response. The full design in terms of
endpoints should be very carefully planned such that inflammatory, cell-proliferative, and genotoxic
endpoints are included, together with detailed evaluation of pulmonary retention kinetics and particle
size characteristics. A negative (TiO,) and positive (crystalline SiO,) control particle (one
concentration only) should also be included. This would provide a robust assessment, which would
further help resolve the question of “mode of action”.



While industrial exposures to ATO are primarily by inhalation, we understand the NTP is also
considering conducting a study utilizing an oral route of exposure. This route is important in
industrial settings following inhalation of non-respirable dust as it is transported to the GI tract, and is
pertinent to the general public from consumption of antimony that may be present in food and
drinking water.

The IAOIA can confirm that nanoscale materials are not used in flame retardant applications. The
particle size range of all formulations of ATO has been determined by the manufacturers and is
based on eight different commercial grades of ATO produced in median physical particle size ranges
0f 0.84 — 5.96 pm as demonstrated upon experimental determination using state-of-the-art techniques.
Furthermore, for the prediction of deposition behaviour in the respiratory tract, corresponding mass
median aerodynamic diameters were obtained for the same products, ranging from 4.1 — 37 um
(EBRC, 2005). Therefore, based on the dusting characteristics of ATO, the relevant particle size
range for workplace exposure considerations is 4.1 — 37 pm.

Finally, in response to the request for toxicological data and other supporting background information
on the nominated substances, the [AOIA would like to submit the following studies:

Whitwell, 2005. Rat micronucleus and chromosomal aberration study of ATO in bone marrow of rat.
(to be provided once finalized)

de Bie et al,, 2005. Biodistribution study of ATO in the rat.

Newton et al., 2004 Developmental Inhalation toxicity study of ATO in the rat

EBRC. Final Report, Dustiness and particle size testing, Diantimony trioxide. EBRC
Consulting GmbH, Hannover (D), 01 November 2005

If you have any questions or other concerns please do not hesitate to phone me at 510-748-8999 or
email tserex@bbl-inc.com.

Sincerely yours,

Tessa L. Serex, Ph.D., D.A.B.T.
Toxicologist
and Science Advisor to the IAOIA

Ce: Dieter Drohmann
Karine Van de Velde
James Deyo
John Biesemeier
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STATEMENT OF COMPLIANCE

This nonclinical laboratory study was conducted in accordance with the United States
Environmental Protection Agency (EPA) Federal Insecticide, Fungicide, and Rodenticide
Act (FIFRA) Good Laboratory Practice (GLP) Standards, 40 Code of Federal Regulations
(CFR) Part 160, Toxic Substance Control Act (TSCA) GLP Standards, 40 CFR Part 792, and
Organization for Economic Cooperation and Development (OECD) Principles of GLP
(C(81)30(Final)Annex 2), except that the Sponsor has not provided documentation on the
purity, stability, and other pertinent information on the batch of test article. The diet and
water analyses performed by Chemical Solutions, Mechanicsburg, Pennsylvania, were
conducted in accordance with Good Manufacturing Practices (GMP) Standards, 21 CFR
Parts 210 and 211. Deviations from the protocol are presented in Appendix P. This report
accurately reflects the raw data obtained during the performance of the study.

Raymond E. Schroeder, M.S., D.A.B.T. Date
Senior Study Director
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SIGNATURE

This report is being submitted by the following personnel.

Raymond E. Schroeder, M.S., D.A.B.T. Date
Senior Study Director
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President, Chief Operating Officer
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Study Director
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Laboratory Operations
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Report Services
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Quality Assurance
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1. QUALITY ASSURANCE STATEMENT

Below are the inspections conducted by the Quality Assurance Department and the dates the
inspections were reported to the Study Director and Management.

Date(s) Reported to
Date(s) of Inspection Study Phase Inspected Study Director/Management

1/21/03, 2/18/03 Protocol 2/19/03, 5/13/03

2/25/03 , Test Material Administration 2/25/03, 3/5/03
3/19/03 Uterine Examinations 4/3/03
3/19/03 Protocol Amendment 1 4/3/03
5/2/03 to 5/13/03 Data Review 5/13/03
5/2/03 to 5/13/03 Data Review 5/13/03
5/2/03 to 5/13/03 Report Review 5/13/03
7/22/03 Protocol Amendment 2 9/2/03
8/31/03, 9/2/03 Report Review 9/2/03
8/12/03 to 8/18/03 Data Review 9/2/03

Geoffrey E. Groff, B.S., RQAP-GLP Date

Auditor, Quality Assurance
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2. SUMMARY

This inhalation developmental toxicity study was conducted for the International Antimony
Oxide Association to determine the developmental toxicity, including the teratogenic
potential, of the test article, antimony trixoide, in rats. This study consisted of three
treatment groups and one control (clean air) group, each containing 26 Sprague-Dawley
[Crl: CD® (SD) IGS BR] female rats. The females were mated in-house to untreated male
rats of the same strain. The day on which evidence of mating (vaginal plug and/or sperm)
was observed was considered Day 0 of gestation. The mated female rats in each treatment
group received the test article, antimony trioxide, by nose-only inhalation exposure for six
hours per day from Days 0 through 19 of gestation. Targeted concentration levels were 1.5,
3.0, and 6.0 mg/M3 and mean analytical exposure levels delivered were 2.6, 4.4, and 6.3
mg/M3 , respectively. The mated control females received clean air by the same procedure
and dosing regimen as the treated females.

Observations of the dams included clinical signs conducted daily following exposures,
gestation body weights, and gestation food consumption. Litters were delivered by cesarean
section on Day 20 of gestation and gravid uterine weights were recorded. The total number
of corpora lutea on each ovary and the number of implantations, resorptions, and fetuses on
each uterine horn were recorded. Dams were necropsied and the lungs, nasopharyngeal
tissue, and gross lesions preserved in 10% neutral buffered formalin. The lungs and brain
were weighed and the lungs then infused via the trachea with formalin. Fetuses were .
weighed individually, sexed externally, and measured for crown-rump distance. All fetuses
were given a gross external examination. Approximately one-half of the fetuses in each litter
were placed in Bouin’s solution for visceral examination and the remaining fetuses were
fixed in alcohol and processed for skeletal examination. Fetal external, visceral, and skeletal
findings were classified as malformations or developmental variations. Subsequently, based
on organ weight changes, the lungs of 10 females/group randomly selected were processed
for histopathological examination.

Particle size represented by the mass median aerodynamic diameters and geometric standard
deviations ranged from 1.59 to 1.82 uM and 1.713 to 1.744, respectively.

The only maternal toxicity seen was an increase in lung weights, absolute and relative to
brain weights. These effects were seen at all exposure levels evaluated (2.6, 4.4, and 6.3
mg/M3). Absolute lung weights were 24.2%, 31.1%, and 38.6% heavier than control in the
2.6,4.4,and 6.3 mg/M3 groups, respectively, and lung weights relative to brain weights were
20.2, 26.3%, and 34.8% heavier, respectively. The responses were dose-related and
differences from controls for each group were statistically significant.

Test article-related microscopic findings were observed in the lungs of all animals at all
exposure levels. The primary test article-related microscopic change was a diffuse
accumulation of pigmented alveolar macrophages which likely reflected phagocytosis and
accumulation of the test article particulate matter. Accumulations of pigmented macrophages
and associated inflammation were likely the cause of the increased lung weights of treated
animals compared to controls.
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No animals died during the study and no effect of treatment was evident from maternal
clinical examinations, gestation body weight, or food consumption. Likewise, no effect of
treatment was evident from maternal macroscopic findings, Day 20 gestation uterine
implantation data, fetal sex ratios, fetal body weights, fetal crown rump-distance data or fetal
examinations (external, visceral, or ske]etal)‘.

In this rat inhalation developmental toxicity study with antimony trioxide the Lowest
Observable Adverse Effect Level (LOAEL) for maternal toxicity was 2.6 mg/M>. This
LOAEL was based on an increase in lung weights both absolute and relative to brain weights
at all exposure levels evaluated (2.6, 4.4, and 6.3 mg/Mg) The changes were dose responsive
and differed statistically from controls The No-Observed-Effect Level (NOEL) for
developmental toxicity was 6.3 mg/M the highest exposure level evaluated.

952-002
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3. INTRODUCTION

The study described in this report was conducted in accordance with Standard Operating
Procedures (SOP) and the protocol as approved by the Sponsor. This study was based on the
draft guideline published in the US EPA Health Effects Test Guidelines, Inhalation
Developmental Toxicity Study, Office of Prevention, Pesticide, and Toxic Substances
(OPPTS) 870.3600, issued June 1996 and the OECD Guideline Number 414, Prenatal
Developmental Toxicity Study (dated January 22, 2001). Procedures pertinent to this study
are described in this report. The protocol and amendment are presented in Appendix O.

3.1. Objective

The objective of this study was to determine the developmental toxicity, including the
teratogenic potential, of the test article, antimony trioxide, in rats.

3.2. Species Selection

The current state of scientific knowledge does not provide any acceptable alternatives,

in vitro or otherwise, to the use of live animals to accomplish the purpose of this study. The
rat is a universally used model for evaluating developmental toxicity of various classes of
chemicals and for which there is a large historical database. Historical control data are
presented in Appendix N. -

’

3.3. Justification for Number on Study

This study was designed to use the fewest number of animals possible, consistent with the
objective of the study, the scientific needs of the Sponsor, contemporary scientific standards,
and in consideration of applicable regulatory requirements.

3.4. Study Schedule
Protocol Approved by the Sponsor: December 20, 2002

Study Initiation Date (protocol signed by Study Director): ~ December 20, 2002

Experimental Start Date: February 25, 2003
Experimental Termination Date: March 30, 2003
Draft Report: July 15, 2003

952-002
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4. MATERIALS AND METHODS
4.1. Test Article Information
4.1.1. Test Article Receipt

Pertinent test article information and the Certificate of Analysis for the test article are
presented in Appendix A.

4.1.2. Test Article Preparation

The test article was used as received from the Sponsor and no adjustment was made for
purity. The test article was administered neat (undiluted). ‘

4.1.3. Reserve Sample and Test Article Disposition

A reserve sample from the lot of test article used in this study was taken and archived. Any
remaining antimony trioxide may be used for additional testing and then returned to the
Sponsor. |

|
i

4.2. Experimental Design
4.2.1. Animal Acquisition and Acclimation

On February 17, 2003, a total of 50 male and 140 female Sprague-Dawley [Crl: CD®
(SD)IGS BR] rats were received from Charles River Laboratories, Portage, Michigan. All
rats were approximately nine weeks old at arrival. The male rats were utilized for mating
purposes only and body weights were not recorded. Only females with positive evidence of
mating were selected for study and were weighed on Day 0 of gestation prior to test article
exposure. Day 0 of gestation was defined as the day on which evidence of copulation
(vaginal plug and/or sperm) was observed. The females were approximately 10 weeks old
and weighed between 193 to 270 grams on Day 0 of gestation. During the one-week
acclimation period prior to mating, all rats were observed daily for any clinical signs of
disease.

4.2.2. Randomization, Assignment to Study, and Maintenance

Mated female rats were given a clinical examination on Day 0 of gestation and only females
considered suitable, based on the results of these examinations, were included in the selection
process. Animals were generally sorted into treatment groups using a simple randomization
procedure. Extra rats obtained but not used on study, were euthanized via carbon dioxide
inhalation and discarded. One hundred and four mated female rats were assigned to the
treated or control groups as described in the table on the following page.

952-002
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Group Assignment
Group Number Target Actual Ana]yticala‘13 Number of Mated
Exposure Level Exposure Level Female Rats
(mg/M?) (mg/M*)
I 0 0 26
2 1.5 2.6 26
3 3.0 4.4 26
4 6.0 6.3 26

"Represents mean of mean daily analytical exposure levels over the entire study.

The mean analytical exposure levels are used in the presentation of all summary tab]es
and appended individual data within the report. ‘

Each female rat was assigned an animal number and implanted with a microchip bearing a
unique identification number. Each cage was identified by the study number, animal \
number, group number, and sex. The individual animal number plus the study number '
comprised a unique identification for each rat. Animal identification was verified durlng the
conduct of the study.

Throughout the study, all rats were kept in an environmentally controlled room.
Temperature and relative humidity in the animal room were monitored and recorded daily
and maintained between 65 to 70°F and 31 to 70%, respectively. Fluorescent lighting was
provided for approximately 12 hours per day. From acclimation until euthanasia, the rats
were individually housed in suspended, stainless steel, wire-mesh type cages, except during
mating when the females were housed in similar cages with males (1:1).

Diet (meal Lab Diet®Certified Rodent Diet® #5002, PMI Nutrition International, Inc.,

St. Louis, Missouri) and tap water were available ad libitum during non-exposure periods.
Water was supplied using an automatic watering system. Documentation of lot numbers of
the basal diet used during the study is retained in the study file. Analytical certifications of
each diet lot were performed by the manufacturer and are maintained in the Archives. The
water supply is monitored for specified contaminants at periodic intervals according to SOP.
The Study Director is not aware of any potential contaminants likely to be present in the diet
or water that would interfere with the results of this study. Additionally, a sample each of
diet and water were collected and analyzed for total antimony. These analyses were
performed by Chemical Solutions, Mechanicsburg, Pennsylvania according to Good
Manufacturing Practices (GMP). Data from these analyses are presented in Appendix A.

4.2.3. Test Article and Sham Control Administration
4.2.3.1. Justification for Route of Administration

Inhalation is one of the potential routes of human exposure to this test article.

952-002



. ~ MPI

RESEARCH

4.2.3.2. Justification of Exposure Levels and Duration of Treatment

The exposure levels were selected in consultation with the Sponsor on the basis of available
data from previous studies. Animals were treated from fertilization (Day 0 of gestation) to
Day 19, one day prior to scheduled euthanasia and laparohysterectomy. This dosing regimen
was proposed to identify possible effects on preimplantation loss of the fertilized ova as well
as effects on the developing fetus in utero.

4.2.3.3. Animal Exposure

Inhalation exposure data are presented in Appendix B.

For the exposure, each animal was removed from the home cage and placed in a nose-only
restraint tube. The nose of each animal protruded from a small opening in the conical end of
the tube. The conical end of the tube was inserted into the chamber prior to generation of test
atmosphere. Food and water was not available to the animals during the exposure period.
Following the required exposure duration, the animals were returned to the appropriate
individual home cages where food and water were available.

The exposures were conducted in a 63 L stainless steel and acrylic nose-only exposure
chamber with a stainless steel baffle (see Figure 1). A chamber airflow of at least 0.6 L per
minute per animal supplied by the generation system resulted in at least 10 chamber air
changes per hour and an oxygen level at or above 19%. The chamber was maintained to the
maximum extent possible at a mean temperature between 18 to 24°C and a mean relative
humidity between 3 to 7%. Chamber temperature, percent relative humidity, and airflow rate
were monitored continuously and recorded at 30 minute intervals during the exposure period.
The treated animals were exposed to the test article approximately six hours per day, from
Day 0 to 19 of gestation at concentrations of 2.6, 4.4, and 6.3 mg/M".

Test article exposure began on Day 0 of gestation and continued through Day 19 of gestation.
The test article was generated into the breathing air of the treated animals. Dust aerosol
atmospheres of the test article were generated using a Wright Dust feeder (WDF) as the
primary device in the generation system. Prior to any generation, the test article was packed
into a cylindrical holder (cup) with high pressure to provide a compact uniform test article
surface. A scraping blade in the WDF rotated over the test article surface in the cup,
removing small amounts of test article. The test article that was dislodged by the scraping
blade was entrained in the air stream, passed through the WDF, and transported out of the
WDF into the elutriation chamber prior to entering the exposure chamber. Dilution air was
introduced into the chamber as necessary to increase the chamber airflow and achieve correct
chamber concentration (see Figure 2). The test exposure atmosphere generation system
employed was determined during pre-study trials to determine the optimal equipment and
operating conditions to generate accurate and precise exposure levels.

The control animals were exposed to clean air by the same exposure regimen as the treated

groups except that the test article was not introduced into the chamber and a WDF was not
used; compressed air was introduced into the chamber from the opening in the top.
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4.2.4. Chamber Monitoring
4.2.4.1. Nominal Concentration

The amount of test article delivered by the generation system during the exposure was
divided by the total volume of air passing through the chamber to give the nominal
concentration. , ‘

4.2.4.2. Analytical Concentration

Chamber atmosphere samples for determination of the test article exposure level were
collected (one sample/exposure in the air control group and four samples/exposure in the test
article exposure groups). The samples were withdrawn from the exposure chamber through
metricel membrane filters mounted on an open-faced filter holder (see Figure 3). The
gravimetric concentrations were calculated with the use of atomic absorption spectroscopy.

4.2.4.3. Homogeneity

Prior to initiation of animal exposures, samples were taken to show that the test article was

1

evenly distributed from port to port on the nose-only chamber. \‘

4.2.4.4. Particle Size Distribution Analyses

One particle size distribution was performed at least once during each exposure using the TSI
Aerodynamic Particle Sizer (APS), to determine the mass median aerodynamic diameter
(MMAD) and geometric standard deviation (GSD) of any aerosol present (see Figure 3).

The TSI APS operated by accelerating particles through a nozzle and measuring the time
required for each particle to pass between two closely-spaced laser beams. Small particles
accelerated rapidly, while large particles lagged behind due to increased inertia. The time-of-
flight data were calibrated with unit density (1g/cm®) spherical particles so that the particles
collected were sized aerodynamically equivalent to the particles regardless of their physical -
size, shape, or density. The instrument consisted of the APS, a diluter (model 3302), and a
computer. The diluter reduced the particle concentration of high concentration aerosols. If
the aerosol concentration was too high, coincidence counting would have occurred. To keep
the coincidence error below 5%, the particle concentration was maintained at less than 2850
particles per cubic centimeter for 0.5 um particles, or 1193 particles per cubic centimeter for
10 pm particles.

4.3. In-life Examinations

4.3.1. Mortality and Cageside Observations

All rats were observed twice each day, seven days a week, for morbidity, mortality, signs of
injury, and availability of food and water.

4.3.2. Detailed Clinical Examinations

Daily from Days 0 through 20 of gestation, each rat was removed from the cage and given a
detailed clinical examination. During the treatment period, these examinations were
conducted as animals were removed from the exposure chambers. The first group of animals
examined was randomized each day of the exposure period.
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4.3.3. Body Weights and Body Weight Changes

Individual body weights were recorded on Days 0, 3, 6,9, 12, 15, 18, and 20 of gestation.
Individual body weight change was calculated for the following gestation day intervals: 0-3,
3-6,6-9,9-12, 12-15, 15-18, 18-20, and 0-20. Adjusted body weight (Day 20 gestation body
weight minus the gravid uterine weight) and adjusted body weight change (Days 0-20 of
gestation) were also calculated. Body weights recorded at arrival are not reported, but are
maintained in the study file.

4.3.4. Food Consumption

Food consumption was recorded on the corresponding body weight days and calculated for
the following intervals: Days 0-3, 3-6, 6-9, 9-12, 12-15, 15-18, 18-20, and 0-20 of gestation.

4.3.5. Clinical Pathology

Blood samples (5 mL/sample) were collected via cardiac puncture, after carbon dioxide
inhalation, from 10 randomly selected pregnant animals per group on Day 20 of gestation.
The samples were collected into tubes containing EDTA anticoagulant and separated into red
blood cells (RBC) and plasma components. The RBC component was refrigerated at 2-8°C
and shipped for analysis of concentrations of bound antimony. The plasma samples were
stored frozen (-20°C) until it was determined that these analyses were not required.

All analytical work was conducted by National Medical Services (NMS), Willow Grove,
Pennsylvania, using an analytical method developed by NMS. The work performed in
conjunction with this study was conducted in compliance with GLP regulations and subject
to review by the Quality Assurance Unit of NMS. Method validation for antimony was
conducted using rat control RBCs. A tabular presentation of RBC antimony levels and a
Quality Assurance Statement will be presented in Appendix G.

4.4. Postmortem Study Evaluations
4.4.1. Ovarian and Uterine Examinations

On Day 20 of gestation, each female was euthanized by carbon dioxide inhalation and
immediately subjected to a laparohysterectomy. The skin was reflected from a ventral
midline incision to examine mammary tissue and locate any subcutaneous masses. The
abdominal cavity was then opened and the uterus was exposed. The uterus was excised, the
gravid uterine weight recorded. Beginning at the distal end of the left uterine horn, the
location of viable and nonviable fetuses, early and late resorptions for each uterine horn,
position of the cervix, and the total number of implantations were recorded. The number of
corpora lutea on each ovary was also recorded. The fetuses were removed by making a
dorsal incision longitudinally along both uterine horns. The embryonic membrane of each
fetus was gently removed, and each fetus was pulled away from the placenta, fully extending
the umbilical cord. The placentae were grossly examined. Before the umbilical cord was cut
on each fetus, it was momentarily clamped with forceps to prevent bleeding and promote
clotting. After examination, the uterus was discarded. Each implant was characterized as
either a viable or nonviable fetus, or either an early or late resorption. Viable fetuses
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responded to touch while nonviable fetuses did not and showed no signs of autolysis. Early
resorptions were characterized as implantation sites consisting of tissues but no recognizable
fetal characteristics, while late resorptions displayed recognizable fetal characteristics, but
undergoing the process of autolysis.

Uteri from females that appeared nongravid were opened and placed in 10% ammonium
sulfide solution for detection of implantation sites.! If no foci were seen, the female was
considered not pregnant and all data was excluded from statistical analysis.

4.4.2. Macroscopic

A complete necropsy was performed on all dams under procedures approved by a veterinary
pathologist. Special emphasis was placed on structural abnormalities or pathologic changes
that may have influenced the pregnancy. The lungs, nasopharyngeal tissue, and gross lesions
from the dams were saved in 10% neutral buffered formalin. After weighing, the lungs were
infused via the trachea with formalin. The carcasses were then discarded. Collection of
gross lesions and/or target organs necessitated collection of sufficient corresponding tissues
from controls for comparison purposes. A glossary of macroscopic terms used in this study
is included in this report. '

4.4.3. Organ Weights

The lungs and brains were weighed. The brain weights were used to calculate lung/brain
weight ratios, but the brains were not saved.

4.4.4. Microscopic S ;

Microscopic examination of fixed hematoxylin and eosin-stained paraffin sections was
performed on the lungs of 10 randomly selected pregnant ferhales per group. One
section/lobe/animal (5 sections/animal) were examined.

4.4.5. Teratologic Examinations

Fetuses were individually weighed, measured for crown-rump distance, sexed externally,
tagged for identification, and examined for external malformations and variations.
Approximately one-half of the fetuses in each litter were placed in Bouin’s solution for
subsequent soft tissue examination using the Wilson razor-blade sectioning technique.” The
remaining fetuses were fixed in alcohol, processed for Alizarin Red S and Alcian blue
staining, and cleared with glycerin for subsequent skeletal examination of bone and
cartilage.’ Fetal findings were classified as malformations or developmental variations under
the supervision of a developmental toxicologist.

! Kopf, R., Lorenz, D., and Salewski, E. (1964). The effects of thalidomide on the fertility of rats studied in
two generations. Naunyn Schmiedebergs Arch. Pharmacol. 247, 121-135.

2 Wilson, J.G. (1965). Methods for administering agents and detecting malformations in experimental animals.
J.G. Wilson and J. Warkany, eds. Teratology-Principles and Techniques. The University of Chicago Press,
Chicago Illinois, pp. 262-277.

3 Kimmel, C.A. and Trammell, C. (1981). A rapid procedure for routine double staining of cartilage and bone
in fetal and adult animals. Stain Technology, 56, 271-273.
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The table below defines the sets of comparisons used in the statistical analyses described in

this section.

Statistical Comparisons

Control Group Treatment Groups

1

2,3,4

The endpoints that were analyzed and the methods of analysis that were employed are

presented in the table on the following page.

952-002



18

MPI

RESEARCH

Statistical Analysis Methods

Endpoint

Analysis

Parental In-life Data

Gestation Body Weights

Group Pair-wise Comparisons

Gestation Body Weight Changes

Group Pair-wise Comparisons

Gestation Food Consumption

Group Pair-wise Comparisons

Adjusted Body Weights Group Pair-wise Comparisons

Adjusted Body Weight Changes Group Pair-wise Comparisons

(Days 0-20)

RBC antimony levels Group Pair-wise Comparisons
Fertility Indices

Pregnancy Index Fisher’s Exact Test
Pathology

Absolute lung and brain weights and lung
weights relative to brain weights

Group Pair-wise Comparisons

Uterine and Ovarian Exam

Gravid Uterine Weights

Group Pair-wise Comparisons

Corpora Lutea/dam

Group Pair-wise Comparisons

Total Implantations/dam

Group Pair-wise Comparisons

Fetal Sex Ratio (% males/litter)

Arcsin-Square-Root Transformation

Litter Size/dam

Group Pair-wise Comparisons

Viable Fetuses/dam

Group Pair-wise Comparisons

Nonviable Fetuses/dam

Descriptive Statistics

Total Number Resorptions/dam

Group Pair-wise Comparisons

Number Early Resorptions/dam

Group Pair-wise Comparisons

Number Late Resorptions/dam

Group Pair-wise Comparisons

% Preimplantation Loss

Arcsin-Square-Root Transformation

% Postimplantation Loss

Arcsin-Square-Root Transformation

Mean Fetal Body Weights

Covariate Analysis

Mean Crown-rump Distance

Group Pair-wise Comparisons

Individual Malformations by finding and
exam type (external, visceral, and skeletal)
— litter incidence®

Fisher’s Exact Test

Individual Variations by finding and
exam type (external, visceral, and skeletal)
— litter incidence®

Fisher’s Exact Test

Total Malformations (external, visceral,
and skeletal combined) — litter incidence®

Fisher’s Exact Test

“Fetal and litter incidences were reported, but only the litter incidences were statistically

analyzed.
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4.5.1. Group Pair-wise Comparisons

For each specified endpoint and for all collection intervals, Levene’s test® was used to assess
homogenelty of group variances. If Levene’s test was not significant (p>0.01), Dunnett’s
test’ was used to compare each treatment group with the control group. If Levene’s test was
significant (p<0.01), comparisons with the control group were made using Welch’s t- test®
with a Bonferroni correction. Results of all pair-wise comparisons were reported at the 0.05
and 0.01 significance levels. All endpoints were analyzed using two-tailed tests unless
indicated otherwise.

4.5.2. Arcsin-Square-Root Transformation

Data comprised of percent values were transformed using the arcsin of the square root.” The
analysis described in Section 4.5.1. Group Pair-wise Comparisons was then used to analyze
the transformed percentage values.

4.5.3. Fisher’s Exact Test

Each treatment group was compared to the control group using a Fisher’s exact test with a
Bonferroni correction. Results were reported at the 0.05 and 0.01 significance levels. All
endpoints were analyzed using two-tailed tests unless indicated otherwise.

4.5.4. Covariate Analysis

For the mean of fetal body weights, a test of assumptions® for Analysis of Covariance was
performed to determine whether litter size would be included as a covariate in the model. If
the assumptions on the Analysis of Covariance were met, the model with the covariate was
used to test for a difference from control using the Dunnett’s test.” If the assumptions for the
Analysis of Covariance were not met, the endpoint was analyzed in the manner described in
Section 4.5.1. Group Pair-wise Comparisons. Each treatment group was compared with the
control group and results were reported at the 0.05 and 0.01 significance levels. Endpoints
were analyzed using two-tailed tests.

Whether the covariate was included or not, the LSMEANS, which are the adjusted means,
were displayed on the summary table. If the covariate was used in the analysis, the adjusted
means can be used in the interpretation of the analysis. If the covariate was not used in the
analysis, the LSMEANS were equivalent to the means.

* Milliken, G.A. and Johnson, D.E. (1992). Analysis of Messy Data. Chapman and Hall, London.

* Dunnett, C.W. (1955). A multiple comparison procedure for comparing several treatments with a control.
Journal of the American Statistical Association 56, 52-64.

®Welch, B.L. (1937). The significance of difference between two means when the population variances are
unequal. Biometrika 29, 350-362.

7 Steel, R.G.D. and Torrie, J.H. (1980). Principles and Procedures of Statistics. A Biometrical Approach.
McGraw-Hill, New York.

§ Littell, R.C., Milliken, G.A,, Stroup, W.W., and Wolfinger, R.D. (1996), SAS System for Mixed Models. SAS
Institute Inc., Cary, North Carolina.
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4.5.5. Descriptive Statistics

Descriptive statistics consisted of means, standard deviations, and number of animals for
each group and time period.

4.6. Computer Systems

The following computer systems were used during the conduct of this study.

Computer Systems

In-life Systems: Provantis™
Randomization: Provantis™
Developmental and Reproduction System: Provantis™
Pathology: Provantis™
Statistical Analysis: SAS
Reporting: SAS and Microsoft Office Professional

4.7. Data and Specimen Retention

All raw data, documentation, records, protocol, reserve samples, specimens, wet tissues, and
the final report generated as a result of this study will be retained at MPI Research, Inc., or an
approved archive facility contracted by MPI Research, Inc., for a period of one year
following completion of the study (final report issue date). Retention of materials after the
time stated above will be subject to future contractual agreements with the Sponsor.
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5. RESULTS AND DISCUSSION
5.1. Chamber Monitoring
5.1.1. Concentration Analysis

The gravimetric chamber concentrations are summarized in Appendix B and the mean
exposure levels are summarized below.

Chamber Atmosphere Monitoring
Target Mean Chamber Mean Nominal :
Group - Concentration Concentration Concentration 1
(mg/M?) (mg/M*) £ SD (mg/M?) + SD
1 0 0+NA NA
2 1.5 26+243 54.3 +£40.08
3 3.0 4.4 +3.88 40.1 £25.15
4 6.0 6.3+£4.18 48.2 +21.85
SD - Standard Deviation ' 1
NA — Not Applicable )

In an attempt to control the exposures at these very low levels, the test article was generated
at a higher more stable level and then diluted down to achieve the targeted exposure level.
As a result the nominal exposure levels were higher than the actual measured levels. In
addition, this difference also represents the normal losses seen with deposition of the test
article on the walls within the chamber and generation system.

5.1.2. Chamber Environment

Temperature, relative humidity, and chamber airflow were monitored continuously and
recorded approximately every 30 minutes during the exposure. Temperature and relative
humidity measurements are summarized below and also presented in Appendix B. Chamber
airflow data were recorded in the study data (individual data not presented) and summarized
below.

Chamber Environment Conditions
Group Temperature Relative Chamber Airflow
(°C) Humidity (%) (L/min)
Mean SD Mean SD Mean SD
1 21 1.3 7 2.1 34.0 0.00
2 22 1.3 3 0.5 25.1 2.78
3 22 1.5 5 1.4 394 2.71
4 22 1.6 4 1.5 45.5 3.89
SD - Standard Deviation
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5.1.3. Particle Size Distribution Measurement

The mass median aerodynamic diameters (MMAD) and geometric standard deviations
(GSD) ranged from 1.59 to 1.82 uM and 1.713 to 1.744, respectively. The partlcle size
distribution data are summarized below and in Appendix B.

Particle Size Distribution Data

Mean MMAD
+
Group (LM) £ SD Mean GSD + SD
1 "NA NA
2 1.74 £ 0.405 1.744 + 0.3189
3 1.82+£0.582 1.713 £ 0.3780
4 1.59+0.151 1.714 £ 0.2363

MMAD - Mass Median Aerodynamic Diameters
GSD - Geometric Standard Deviations

SD - Standard Deviation

NA — Not Applicable

5.2. In-life Examinations

5.2.1. Mortality

The record of animal fate and disposition is located in Appendix C.

All animals in the control and treated groups survived to scheduled euthanasia on Day 20 of

gestation.

5.2.2. Detailed Clinical Observations

Gestation clinical findings are summarized in Table 1 and presented individually in

Appendix D.

No effect of treatment with antimony trioxide at an exposure level up to and inclusive of 6.3
mg/M> was evident from the detailed clinical examinations. Findings seen in the treated
groups were similar to those seen in the controls and occurred with similar frequency. Red,
brown, and/or black material around the eyes, mouth, and/or nose was seen in many animals
from the control and treated groups. This was attributed to restraint during exposures and the
inability of animals to groom during this period.

5.2.3. Body Weights and Body Weight Changes

Maternal body weight and body weight change data during gestation are summarized in
Tables 2 and 3, respectively, and presented individually in Appendix E.
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No effect of treatment with antimony trioxide at an exposure level up to and inclusive of 6.3
mg/M’ was evident from gestation body weights or body weight gains. Mean body weights
for the treated groups throughout gestation and mean body weight gain between each
weighing interval and over the entire Gestation Day (GD) 0-20 period were comparable to
controls.

5.2.4. Food Consumption

Maternal food consumption data during gestation are summarized in Table 4 and presented
individually in Appendix F.

No adverse effect of treatment with antimony trioxide at an exposure level up to and
inclusive of 6.3 mg/M" was evident from gestation food consumption data. In the 2.6 mg/M?
group, food consumption throughout gestatlon and over the GD 0-20 period was comparable
to controls. In the 4.4 and 6.3 mg/M> groups, food consumption was statistically higher than
controls over GD 15-18, 18-20, and 0-20. These increases in food consumption
corresponded with slight increases in body weight gains over these same intervals, but the
differences in weight gain from controls were not statistically significant and not considered
toxicologically meaningful. For all other intervals during gestation, food consumption in
these groups was comparable to controls. |

5.2.5. RBC Analytical Results

The results of the RBC analysis, performed by National Medical Services, will be presehted
in Appendix G.

5.3. Postmortem Study Evaluations
5.3.1. Macroscopic Observations

Maternal macroscopic observations are summarized in Table 5 and presented individually in
Appendix H.

No effect of treatment with antimony trioxide at an exposure level up to and inclusive of 6.3
mg/M3 was evident from maternal macroscopic findings. The only finding seen at
macroscopic examination of the treated females was a mass in a single female in the 4.4
mg/M? exposure groﬁp. In the absence of similar findings at the high-exposure level, this
was considered spontaneous in origin and unrelated to treatment. No macroscopic findings
were seen in control animals.

5.3.2. Organ Weight Values

Maternal organ weight values are summarized in Table 6 and presented individually in
Appendix 1.

A dose-related increase in lung weights, absolute and relative to brain weights, was seen in
the antimony trioxide-treated groups. These differences in lung weights from controls were
statistically significant and considered indicative of a treatment-related response. Absolute
lung weights were 24.2%, 31.1%, and 38.6% heavier than control in the 2.6, 4.4, and 6.3
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mg/M3 groups, respectively, and lung weights relative to brain weights were 20.2, 26.3%,
and 34.8% heavier, respectively.

5.3.3. Microscopic Observations

Maternal Microscopic Observations are summarized in Table 7 and presented individually in
Appendix H.

Test article-related microscopic findings were observed in the lungs of all animals evaluated
at all exposure levels. The primary test article-related microscopic change was a diffuse
accumulation of pigmented alveolar macrophages which likely reflected phagocytosis and
accumulation of the test article particulate matter. Pulmonary alveoli contained variable
numbers of macrophages with abundant eosinophilic cytoplasm with minimal to moderate
quantities of brown granular pigment, as well as small to moderate quantities of extracellular
eosinophilic proteinaceous material containing similar pigment. Throughout the lungs, '
scattered foci of acute inflammation and type II cell hyperplasia were often observed.
Accumulations of pigmented macrophages and associated inflammation were likely the cause
of the increased lung weights of treated animals compared to controls. ‘

The microscopic finding of increased numbers of alveolar macrophages containing foreign
material noted in the current study is similar to findings observed in previous subacute and
chronic inhalation studies of antimony trioxide in Fischer rats”. However, as would be
expected, the inflammation and type II cell hyperplasia noted in the current study was
generally of acute to subacute duration as opposed to the granulomatous inflammation and
interstitial fibrosis observed in the previous studies. |

Test article-related microscopic findings are summarized in the table on the following page.

? Newton PE, Bolte HF, Daly IW, Pillsbury BD, Terrill JB, Drew RT, Ben-Dyke R, Sheldon AW, and Rubin
LF. Subchronic and chronic inhalation toxicity of antimony trioxide in the rat. Fundam Appl Toxicol 1994; 22:
561-6.
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Test Article-Related Microscopic Findings
Terminal
Females
Exposure Level: mg/M® 0 2.6 4.4 6.3
Number Examined 10 10 10 10
Lung (10) (10) (10) (10)
Hyperplasia, type I cell, 0 5 4 5
-minimal 0 2 4 3
-mild 0 2 0 2
-moderate 0 1 0 0
Inflammation, acute, 0 7 4 6
-minimal 0 4 4 4
-mild 0 3 0 2
Macrophages, pigmented alveolar, 0 10 10 10
-minimal 0 2 1 0
-mild 0 5 9 3
-moderate 0 3 0 7

5.3.4. Uterine and Ovarian Examinations

Corpora lutea and uterine examination data are summarized in Table 8 and presented °
individually in Appendices J and K. Gravid uterine weights, adjusted Day 20 gestation body
weights, and body weight changes over Days 0-20 of gestation using the adjusted body
weights are summarized in Table 9, and presented individually in Appendix L.

Pregnancy rates were comparable between the control and antimony trioxide-treated groups.
These rates ranged from 96.2 to 100%, and provided 25, 25, 26, and 25 GD 20 litters for
evaluation in the control, 2.6, 4.4, and 6.3 mg/M’ groups, respectively.

No effect of treatment with antimony trioxide at an exposure level up to and inclusive of 6.3
mg/M3 was evident from uterine implantation data. The mean number of corpora lutea,
implantations, viable fetuses, and resorptions sites and mean pre- and postimplantation loss
indices for the treated groups did not differ statistically from controls and were considered
comparable between the groups. What appeared to be a slight increase in mean number of
resorptions and postimplantation loss in the 6.3 mg/M? group was not considered
toxicologically meaningful. These parameters did not differ statistically from controls and
were within the range of recent historical control data for the laboratory (see Appendix N).
Control values for postimplantation loss were outside the low range of these historical data.

Gravid uterine weights, adjusted GD 20 body weights, and adjusted body weight change GD

0-20 for the treated groups were comparable to controls. No effect of treatment was evident
from these data.
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5.3.5. Fetal Data
5.3.5.1. Body Weights
Fetal body weights are summarized in Table 10 and presented individually in Appendix K.

No effect of treatment with antimony trioxide at an exposure level up to and inclusive of 6.3
mg/M3 was evident from fetal body weights. Mean fetal body weights distinguished by sex
and for both sexes combined in the treated groups were comparable to controls. Slightly
lower fetal body weights seen in a pilot study conducted at this laboratory (MPI Research
Study Number 952-001) at an exposure level of 6.07 mg/M was not seen in this study

5.3.5.2. Sex Ratio

Fetal sex ratios are summarized in Table 8. The distribution of fetuses by sex within
individual litters is presented in Appendix J and the sex of individual fetuses is identified in
Appendix K. .

Mean fetal sex ratios (% male fetuses per litter) in the treated groups ranged from 48.0 tp
49.8 and were comparable to controls (48.9). :

5.3.5.3. Crown-Rump Distance

Fetal crown-rump distance measurements are summarized in Table 11 and presented
individually in Appendix K.

No effect of treatment with antimony trioxide at an exposure level up to and inclusive of 6.3
mg/M? was evident from fetal crown-rump distance. Fetal crown-rump distance
distinguished by sex and for both sexes combined in the treated groups was comparable to
controls. Slightly shorter crown rump distance measurements seen in a pilot study conducted
at this laboratory (MPI Research Study Number 952-001) at an exposure level of 6.07 mg/M?
was not seen in this study.

5.3.5.4. External Examination
The overall incidence of fetal external malformations and variations is summarized in

Table 14. Individual fetal external observations are presented in Appendix M.

No malformations or developmental variations were seen in control or treated fetuses during
the external examinations.

5.3.5.5. Visceral Examination

Individual fetal visceral observations are summarized in Table 12 and the overall incidence
of fetal visceral malformations and variations is summarized in Table 15. Individual fetal
visceral observations are presented in Appendix M.

Anophthalmia (absence of the eye) was seen in a single fetus in the 6.3 mg/M’® group (litter

incidence 4.0%). While this malformation has not been seen in recent historical control data
for this laboratory (Appendix N), its low incidence in occurrence in this study was
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considered spontaneous and unrelated to treatment. No other visceral malformations or
developmental variations were seen among these fetuses. Likewise, no visceral
malformations or developmental variations were seen in fetuses from the 2.6 and 4.4 mg/M?
groups or in control fetuses.

5.3.5.6. Skeletal Examination

Individual fetal skeletal observations are summarized in Table 13 and the overall incidence
of fetal skeletal malformations and variations is summarized in Table 16. Individual fetal
skeletal observations are presented in Appendix M.

No skeletal malformations were seen among the control and treated fetuses. Likewise, no
effect of treatment was evident from ossification variation data. There was general
agreement in the types of ossification variations seen between treated and control fetuses and
the litter 1n01dences of these findings. The litter incidence for unossified metacarpals in the
4.4 mg/M group was statistically lower than controls. However, this was not considered to
represent an adverse effect of treatment or toxicologically meaningful.

5.3.5.7. Total Malformations

The incidence of fetuses with malformations as seen during the different evaluations
(external, visceral, and skeletal) and the incidence of litters containing affected fetuses are
summarized in Table 17. No malformatlons (external, visceral or ske]etal) were seen among
fetuses in the 2.6 and 4.4 mg/M’ groups or control group. In the 6.3 mg/M? group, there was
only one fetus with a visceral malformation (litter incidence of 4.0%) and its occurrence in
this study was considered spontaneous and unrelated to treatment.
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6. CONCLUSION

In this rat inhalation developmental toxicity study with antimony trioxide the Lowest
Observable Adverse Effect level (LOAEL) for maternal toxicity was 2.6 m,g/M3 . This
LOAEL was based on an increase in lung weights both absolute and relative to brain weights
at all exposure levels evaluated (2.6, 4.4, and 6.3‘mg/M3). The changes were dose responsive
and differed statistically from controls. The No-Observed-Effect Level (NOEL) for
developmental toxicity was 6.3 mg/M>, the highest exposure level evaluated.
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DEVELOPMENTAL GLOSSARY

Abnormality - A morphologic or functional
deviation from normal limits (anomaly).

Activity - Action or process of exerting
energy.

Cesarean Section - Laparotomy to deliver
the fetus(es) is performed on gestation day
20 (rat).

Conception - The onset of pregnancy:
formation of a visible zygote.

Corpora Lutea - Ovarian follicle cells
which have discharged their ova and become
hypertrophied, assuming a yellow color.
Regressing c. - corpora lutea in process of
degeneration due to death of embryos in
utero.

Development - Gradual growth or
expansion, especially from a Jower to a
higher stage of complexity.

- Arrested Development -
Cessation of the developmental process
at some stage prior to its normal
completion.

- Prenatal Development -

That which occurs before birth.

- Postnatal Development -

That which occurs after birth.

Developmental Toxicity - Toxicity incurred
by the conceptus during development. There
are four manifestations: (1) growth
retardation, (2) death, (3) terata or
malformation, and (4) functional deficit. The
term supercedes older terms
“embryotoxicity” (death, malformation) and
“fetotoxicity” (death, growth retardation),
thereby eliminating temporal considerations.

952-002

Developmental Variations - [Also formerly
referred to as variations (skeletal, anatomic,
homoeotic), common variants, aberrations,
retardations, anomalies, deviations]. Defined
recently by a regulatory agency as a
“divergence beyond the usual range of
structural constitution, and which may not be
as severe an effect as a malformation” [EPA,
Fed. Reg.,51 (185): 34028, 1986].

For purposes of this laboratory, variations
are defined as those alterations in anatomic
structure that are considered to have no
significant adverse biological effect on
animal health or body conformity,
representing slight deviations from normal.
Most examples placed in this category are
minor variations in size and form of
normally present ossification centers. While
these are evaluated on a precise day of
development, some variation is expected
related to when conception and implantation
actually occurred. Thus, differences in the
pattern of ossification, manifested either as
retardation or as acceleration of apparent
osteogenesis, are common findings. Also
included in this category are slight
misshapening or misalignment of structures,
and processes involving continued
development (bilateral skeletal centers not
yet fused, incomplete maturation of renal
papillae, presence of vestigial structures,
etc.), and development of extra ossification
sites. Slight malpositioning and hypoplasia
are also considered variations in
development.

Developmental variations correlate in some
instances with maternal and/or
developmental toxicity.
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Distal - Distant from the trunk.
Embryo - The early or developing stage of
an organism, especially the developing
product of fertilization of an egg. Its
development is termed embryogenesis. The
embryonic period is as follows:

Rat 9-14 days postconception

Fecundity Index or Pregnancy Index -
No. females pregnant x 100
No. females with evidence of mating

Fetus - The unborn offspring; the developing
young following embryogenesis. The fetal
period is as follows:

Rat 15-22 days postconception

Gestation - The period of intrauterine
development; conception to birth.

Gestation Day 0 - Day in which positive
evidence of mating has been ascertained.

Gestation Duration - The length of
gestation; term of pregnancy. The duration
is as follows for the common species:

Rat 21 days

GLPs - Good Laboratory Practices.
Legislation first enacted in June, 1979 to
assure the quality and integrity of safety data
filed pursuant to products regulated by the
U.S. FDA. The Final Rule became effective
October 5, 1987 [Fed. Reg., 52 (172: 33768,
1987)]. Similar GLPs have since been
adopted by the U.S. EPA (effective October
16, 1989 for pesticides, and September 18,
1989 for TSCA-regulated chemicals), Japan
Koseisho (April 1, 1983) and Japan MAFF
(October 1, 1984).

Gravid - An animal with uterine evidence of

implantation which delivers a conceptus or
contains developing young (pregnant).

952-002
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Implantation - Attachment of the blastocyst
to the epithelial lining of the uterus, its
penetration through the epithelium, and its
embedment in the compact layer of the
endometrium (nidation).

1t occurs after fertilization as follows:
Rat 5.5 - 6 days

Implantation sites not discernible by
placental remains may be visualized by
staining of the uterus with ammonium
sulfide (Kopf method, Naunyn
Schmiedebergs Arch. Pharmacol., 247:
121-135, 1964).

The types of implants as defined by SOP are
as follows: a) viable fetus - responds to
touch, b) nonviable fetus - does not respond
to touch, no signs of autolysis, c) late
resorption - recognizable fetal form, but
undergoing autolysis, d) early resorption -
implantation site, tissue has no recognizable
fetal characteristics.

Lesion - Any pathological or traumatic
discontinuity of tissue or loss of function of a
part; a circumscribed area of pathologically
altered tissue.

Litter Size - In polytocous animals,

pregnancy consists of multiple offspring in

the litter; this averages for the common

species in our laboratory of (live + dead):
Rat 13.4

Malformation - Defective or abnormal
function; anatomic or morphologic
abnormality; deformity (dysmorphosis,
cacomorphosis). Defined recently by a
regulatory agency as “a permanent deviation
which generally is incompatible with or
severely detrimental to normal postnatal
survival or development” [EPA, Fed.Reg.,
51 (185): 34028, 1986].
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For practical purposes we use the following
definition in this laboratory: Malformations
are those structural anomalies that alter
general body conformity, disrupt or interfere
with body function, or are generally thought
to be incompatible with life. Specific
examples of processes that result in
maldevelopment include marked or severe
misshapening, asymmetry or irregularity of
structure brought about by fusion, splitting,
disarticulation, malalignment, hiatus,
enlargement, lengthening, thickening,
thinning, or branching. Absence (agenesia)
of parts or whole structures is also
considered a malformative process.

Malformations occur when normal
organogenesis is interrupted.

Mating Index —
No. females with evidence of mating x 100
No. females paired

No. males with evidence of mating x 100
No. males paired

Moribund - In a state of dying.
NOEL - No observable effect level.

NOAEL - No observable adverse effect
level.

Nonviable - A nonliving conceptus; includes
early and late resorptions and dead fetuses.

Postimplantation Loss -
No. implantations-No. viable fetuses x 100
No. implantations

Preimplantation Loss -
No. corpora Jutea-No. implantations x 100
No. corpora lutea

952-002
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Regressing (Corpora Lutea) - Involution of
corpora lutea in response to cessation of
pregnancy maintenance.

Reproductive Effects - Those findings
associated with reproductive parameters in
generation studies. They are usually classed
as primary (effects related to sex organs or
reproductive capacity of adults), or
secondary (changes that may be dependent
upon or related to other signs of toxicity).

A tabulation of primary reproductive effects
might include (Christian, J. Am.Coll.
Toxicol., 5: 161, 1986):
- estrous
- mating performance
- fertility
- fecundity
- duration of gestation
- delivery complications
- pathology of reproductive
organs
- litter size
- litter viability at birth
- Iitter survival
- sex ratios of litters
- growth & functional
- development of litter, birth
to weaning

Resorption - A conceptus which, having
implanted in the uterus, subsequently died
and is being, or has been, resorbed.

SOPs - Standard Operating Procedures.

Spontaneous Malformations - The normal
background incidence of maldevelopment
unrelated to known causes. The rate of
spontaneous malformation for common
species is as follows (Schardein, Chemically
Induced Birth Defects, Dekker 1993).

Rat 0.02 - 2%
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Teratogen - An agent or factor that causes
the production of physical defects in the
developing embryo. The production of
defects is termed teratogenesis.

Uterine Examination - The excision of the
uterus to determine pregnancy status. The
location of viable and nonviable fetuses
(embryos), early and late resorptions and the
number of total implantations is determined
through the unopened uterine wall.

Viable - Capable of living.
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INHALATION GLOSSARY -AEROSOLS

Aerodynamic diameter - The diameter of
a unit-density sphere having the same
terminal settling velocity as the particle in
question. It is used to predict where in the
respiratory tract such particles will deposit.

Aerosol - An assembly of liquid or solid
particles suspended in a gaseous medium
long enough to be observed and measured;
generally, about 0.001-100 um in size.

Alveolar - Part of the respiratory system
in which gas exchange occurs; alveoli are
small sacs at the end of the bronchioles.

Breathing zone sample - A sample taken
as close as possible to the point at which
the test animal inhales the exposure
atmosphere.

Cascade impactor - A precision
instrument that uses a series of impaction
stages with decreasing particle cutoff size
so that particles can be separated into
relatively narrow intervals of aerodynamic
diameter. The impactor is used for
measuring the aerodynamic size
distribution of an aerosol.

Concentration - Amount of a given test
article in a given volume of air (e.g., mg/L,
mg/m’, or ppm.

Cutoff particle diameter - median
diameter of a range of particle sizes which
will impact on a stage of a cascade
impactor; also called 50% cut point, d,,, or
the effective cutoff diameter.

Cyclone - A device in which particles are
removed by centrifugal forces in a
cyclonic path.
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Desired concentration - The target
exposure level of test article (per volume
unit, e.g., mg/L) selected for each
exposure group.

Dust - Solid particles formed by erosion or
other mechanical breakage of a parent
material; generally consists of particles of
irregular shape and larger than about 0.5
pum.

Dust generator - A device used to
produce a dust aerosol by dispersing dry
particles in the air in a controlled fashion.

Elutriator - A device used to separate
particles by aerodynamic diameter by
allowing them to settle in a moving air
stream.

Exposure day - Defined as the day or
days when an exposure was conducted for
a study.

Exposure duration - The time interval
during which the animals were exposed to
the test material, e.g., 1 hour, 4 hours, etc.

Filter - A porous membrane or mat of
fibers used to collect particles from the air.

Fine particle - Particles less than about 2
um in size: term used in describing
atmospheric aerosols.

Geometric - Refers to a size parameter on
a logarithmic size scale, where a given
ratio of two sizes appears as the same
linear distance.

Geometric standard deviation - A
measure of dispersion in a Jognormal
distribution (always >1).



INHALATION GLOSSARY -AEROSOLS

Inhalable - Fraction of an aerosol that can
enter the human respiratory system.

Inhalable particles - Those materials that
are deposited anywhere in the
respiratory tract.

Lognormal size distribution - Particle
size distribution characterized by a bell-
shaped or Gaussian distribution shape
when plotted on a logarithmic-size scale.

Lower respiratory tract - Those
structures of the respiratory tract below the
larynx.

Mass median aerodynamic diameter
(MMAD) - The geometric mean
aerodynamic diameter. Fifty percent of
the particles by weight will be smaller than
the MMAD, 50% will be larger.

Mist - A liquid particle aerosol, typically
formed by physical shearing of liquids,
such as in nebulization, spraying, or
bubbling.

Monodisperse Distribution- A
distribution of particles with a single size
or a small range of sizes.

Nominal concentration - A gross
estimate of exposure concentration based
upon test material usage. The total
amount of test material used during a
given exposure day divided by the total
volume of air passed through the chamber
during the exposure.

Open-face sampler - A filter cassette

sampler with the inlet approximately the
same size as the filter.

952-002
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Particle - A small discrete object, often
having a density approaching the intrinsic
density of the bulk material; it may be
chemically homogeneous or contain a
variety of chemical species; it may consist
of solid or liquid materials or both.

Respirable fraction - Fraction of aerosol
that can reach the gas exchange region of
the human respiratory system.

Respirable particles - Those materials
that are deposited in the gas-exchange
region of the lung.

Respiratory tract - Composed of the
conducting airway including the nose,
mouth, pharynx, larynx, trachea, bronchi,
bronchioles and alveoli.

T,, - The time required for an exposure
system to change from an equilibrated
state to attain 99% of a new concentration
level.

This time interval is referred to as
“chamber equilibrium time”, is usually
expressed in minutes and is calculated as
follows:

Chamber volume

T, =4.60 x
Chamber flow rate

Upper respiratory tract - Those
structures of the respiratory tract above the
larynx.

RESEARCH
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PATHOLOGY GLOSSARY

Hyperplasia, type II cell — Some alveoli
are lined by cuboidal type II cells.

Inflammation, acute - A tissue reaction
characterized by a prominent accumulation
of neutrophils, with or without exudate and
possibly a few lymphocytes or other
inflammatory cells as typically seen early
in the inflammatory process. It is not
pathognomonic for a specific etiology and
may or may not be of toxicologic and/or
pathologic significance, depending on the
context in which it occurs.

Macrophages, pigmented alveolar - The

cytoplasm of alveolar macrophages
contains pigment.

952-002

Mass - A focal abnormal enlargement in
an organ or tissue; an excessive and
abnormal growth.

Within normal limits - Tissue considered
to be normal, under the conditions of the
study and considering the age, sex, and
strain of the animal concerned. Alterations
may be present which, under other
circumstances, would be considered
deviations from normal.
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FIGURE 1
Chamber System
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Figure 1 CHAMBER SYSTEM
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FIGURE 2
Generation System
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Figure 2 GENERATION SYSTEM
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Figure 2 cont. GENERATION SYSTEM
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FIGURE 3
Monitoring System
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Figure 3 MONITORING SYSTEM
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TABLE 1
Summary of Gestation Clinical Findings
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TABLE 2
Summary of Gestation Body Weight Values
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TABLE 3
Summary of Gestation Body Weight Change Values
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TABLE 4
Summary of Gestation Food Consumption Values
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TABLE 5
Incidence of Macroscopic Observations
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TABLE 6
Summary of Organ Weight Values
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TABLE 7
Incidence of Microscopic Observations
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TABLE 8
Summary of Maternal and Developmental Observations at Uterine Examination
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TABLE 9
Summary of Gravid Uterine Weight and
Adjusted Body Weight/Body Weight Change Values
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TABLE 10
Summary of Fetal Body Weight Values
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TABLE 11
Summary of Fetal Crown Rump Distance Values
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TABLE 12
Summary of Individual Fetal Visceral Observations
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TABLE 13
Summary of Individual Fetal Skeletal Observations
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TABLE 14
Summary of External Malformations and Developmental Variations
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TABLE 15
Summary of Visceral Malformations and Developmental Variations
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TABLE 16
Summary of Skeletal Malformations and Developmental Variations
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TABLE 17
Summary of External, Visceral, and Skeletal Malformations
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APPENDIX A
Test Article Information and
Diet and Water Sample Analytical Report
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Test Article Information

Date Received:

Amount Received:
Label Identification:
Lot Number:

Physical Characteristics:
Expiration Date:
Storage:

TMC Number:

April 5, 2002

1 kg

Antimony Trioxide “Antiox” White Star N
16598

White powder

Stable for study duration

Room temperature

15562

952-002



campine nv 33
CERTIFICATE OF ANALYSIS

Inspection certificate  DIN 50049/3.1.B ( EN 10204/3.1.B)

CONTRACT INFORMATION
Customer:

Contract No:

Quality: Antiox "White Star N"
Article No: 080106

Batch No: 16598

Weight: 1kg

TEST RESULTS
These values have been taken from measurements made on a production run where
this batch is a part of.

Parameter Unit Testmethod Min. Max. Actual
Total Sb203 % Intemat 99,80 99,87
Pb ppm ICP-OES/XRF 0 800 596
As ppm ICP-OES/XRF 0 800 356
Fe ppm ICP-OES/XRF 0 20 13
Average particle size |um Fisher 0,70 1,00 0,72
Sieve refusal 45 ym . |% ISO 787-7 0,000 0,010 0,001
Conductivity TR DIN 787 XIV 0 10 2
Cl ppm Intenal 0 25 10
Na ppm Internal 0 15 4
volatiles % 1ISO 787-2 0 0,10 0,003

We certify that this product conforms to the relevant Campine product specifications:
Rev.02/09-G3-20601

2/04/2002

Freddy Smans

<

quality assurance supervisor Doc 10.
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chemical solutions Itd.

trace elemental analysis

ANALYTICAL REPORT

March 27, 2003

Mr. Andrew Terpstra Page 1
MPI Research Sample No. 03031141-2
54943 North Main Street

Mattawan, MI149071

Client : MPI Study # : 952-002
Client # :M7473 Date Sampled :
Description : See below Date Received : 03/24/03
Sample Type : Misc. Date Completed: 03/26/03
Collector : Client Return Date :04/10/03
03031141 Food Sample

Parameter Result  Units PQL Method Date Analyst
Antimony <0.5 ng/g 0.5 ICP-MS 03/26/03 Jp
03031142 Water Sample

Parameter Result  Units PQL Method Date Analyst
Antimony <0.002  pg/g 0.002 ICP-MS 03/26/03 JP

Results are reported on an “as received” basis.

Respectfully Submitted,
Chemical Solutions, Ltd.

D, ) B 75

Ian Milnes
President

CONFIDENTIAL REPORT. This report is confidential and is for the sole use of the addressee.
This report can only be reproduced in full.

273 mulberry drive, suite 9 mechanicsburg, pa 17050 phone 717/697-7536 fax 717/697-4800
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tracc clemcntal an.elys:s

MPI Research i SPaS
""”MattaWam,mmn .

S Dca:er Tcrpstra

i o ':-,controls uscd for the analyses perfozmed on behalf of MPI Research are in comphance Do
L ,wrth the current Good Manufacmrmg Pracnces set forth m the Codc of Fedexal G
i '~:j.';"';-:Regt11at10ns, Tltlc 21; Pants 210 anlel j_ B

Dl g Chemma] Sohmons Ltd is :eg:stmd w1th the FDA, the regls‘ﬁ’anon nnmber is 253 14:47:_!’»E Con Yo
s ,5;""1'he FDA mspectcd Chelmcal Soiutxms 1n Septemher 2002 e e

e ,-.-'--‘-'Ronald Andrae e etoan o Date ‘
P Quahty Assuranct Oﬁicer ] T

o '1273 mulbemr dmve suﬂ:e 9 mechamcsburg pa 17050 " phone 717/697-7536  fax 717/697-4800 -
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APPENDIX B
Inhalation Data
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An Inhalation Developmental Toxicity Study in Rats with Antimony Trioxide
ANALYTICAL METHOD

SCOPE

This analytical method was adapted from OSHA methods number ID-121 and modified as necessary for the
assay of antimony trioxide (Sb,0,). Exposure chamber air samples are collected on mixed-cellulose ester
filters using a calibrated sampling pump. Samples are digested using mineral acid digestions. Elemental
analysis of the prepared sample solutions is performed by atomic absorption (AA).

EQUIPMENT
1. Varian Spectra AA-5, Atomic Absorption Spectrometer, (Serial No. 94081575)
2. Analytical Balance (Sartorius, Serial No. 60101218)
3. Volumetric flasks, pipettes, beakers
4. Phillips beakers — 125 mL
5. Exhaust hood and hotplate (Thermolyne, Model Cimarec 3)
6. Forceps

REAGENTS and MATERIALS

Deionized water (DI H,0)

Hydrochloric acid (HCI), concentrated (37%)

Nitric acid (HNO,), concentrated (70%)

Atomic absorption standard solution containing approximately 1000pug/mL antimony in 8%
wt. HCI (Lot No. 16413DS)

5. Mixed cellulose ester (MCE) filter pads (.045 um pore size) — 25 mm

W=

PROCEDURE:

A. Spectroscopic Conditions:

Lamp: Varian antimony hollow cathode lamp

Lamp current: 10 mA

Fuel: acetylene

Support: ultra zero air

Flame stoichiometry: oxidizing

Wavelength: 217.6 nm

Slit width: 0.2 nm

AA parameters adjusted to obtain optimum response.

B. Glassware Preparation

1. Place the Phillips beakers in an exhaust hood and add approximately 8 mL of HCl in
each beaker. Heat moderately and decant the acid into a waste container. Allow the
beakers to cool before removing from hood. Wash with soap and water, rinse with
tap water and a final rinse with DI H,0. Rinse all volumetric flasks with 10% HCI.
Wash with soap and water and a final rinse with DI H,0.

952-002
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C. Preparation of Standards

1.

2.

Commercially available aqueous stock standards are used (Aldrich Chemical Co.)

Working standards are prepared by diluting stock standard solutions to the
appropriate ranges using 10% HCI as the diluent. The standard concentrations should
bracket the expected sample concentrations.

D. Sample Preparation and Analysis

1.

Receive the MCE filters in labeled Phillips beakers from the Inhalation exposure
area.

To digest the MCE filter matrix, treat the sample with approximately 4 to 5 mL
concentrated HNO,. Place the beakers on a hotplate and heat the samples until about
1 mL remains. Add a second portion of approximately 1 to 2 mL concentrated HNO,
and repeat the process. Allow the samples to cool to room temperature in an exhaust
hood. Add approximately 8 mL of concentrated HCl. Heat gently and swirl to
dissolve any remaining antimony (do not boil in HCI since some of the antimony
would be lost). Allow the samples to cool to room temperature in an exhaust hood.

Quantitatively transfer the solution to a 25 mL volumetric flask and dilute to volume
with DI H,0.

For dilutions: use 10% HCI as the diluent.
Aspirate the resulting solution into the AA for analysis.

Analyze a blank sample containing only the MCE filter during each sample set using
the same procedures described above.

D. Analysis Procedure

halladh e

Prepare standard and sample solutions.

Set-up instrument and sampling system as described.
Aspirate standards before exposure samples are running.
Aspirate all samples.

E. Quantitation:

952-002

1.

A calibration curve is developed using linear regression analysis (including
correlation coefficient) of the working standards concentration and respective
absorbance units. Sample values are derived from the regression data.

Calculate pg/ml, mg found, and mg/M’ air of antimony trioxide in each sample using
the calibration curve, dilution factor, total formulation factor, sample flow rate, and
sample time.



F. Calculations:

952-002

Total Formulation Factor:

where:

93

Formula weight of Antimony in compound = 243.5
Formula weight of Oxygen in compound = 47.9982

Total = 291.4982
Decimal fraction of antimony in compound = 0.8353
Reciprocal of 0.8353 = 1.197

C=R-1
S

W =CVF

A=W
LT

R = absorbance units of test article

C = concentration from standard curve

S = slope of standard curve

I = y-intercept of standard curve

W= Amount of test article found in pg

V = final analytical volume (dilution factor)

A = concentration of test article in exposure system, mg/M’
(note: 1 M’ = 1000L)

L = flow rate of sampling system, L/min

T = total sampling time, min

F = total formulation factor
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APPENDIX C
Record of Animal Fate and Disposition

952-002
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MPI Research Study Number 952-002
An Inhalation Developmental Toxicity Study in Rats with Antimony Trioxide

Record of Animal Fate and Disposition - FEMALE

Group,
Animal Number Fate Day

0 mg/M® (Control)

301 Terminal Sacrifice 20
302 Terminal Sacrifice 20
303 Terminal Sacrifice 20
304 Terminal Sacrifice 20
305 Terminal Sacrifice 20
306 Terminal Sacrifice 20
307 Terminal Sacrifice 20
308 Terminal Sacrifice 20
309 Terminal Sacrifice 20
310 Terminal Sacrifice 20
311 Terminal Sacrifice 20
312 Terminal Sacrifice 20
313 Terminal Sacrifice 20
314 Terminal Sacrifice 20
315 Terminal Sacrifice 20
316 Terminal Sacrifice 20
317 Terminal Sacrifice 20
318 Terminal Sacrifice 20
319 Terminal Sacrifice 20
320 Terminal Sacrifice 20
321 Terminal Sacrifice 20
322 Terminal Sacrifice 20
323 Terminal Sacrifice 20
324 Terminal Sacrifice 20
325 Terminal Sacrifice 20
326 Terminal Sacrifice 20
2.6 mg/M®

327 Terminal Sacrifice 20
328 Terminal Sacrifice 20
329 Terminal Sacrifice 20
330 Terminal Sacrifice 20
331 Terminal Sacrifice 20
332 Terminal Sacrifice 20
333 Terminal Sacrifice 20
334 Terminal Sacrifice 20
335 Terminal Sacrifice 20
336 Terminal Sacrifice 20
337 Terminal Sacrifice 20
338 Terminal Sacrifice 20
339 Terminal Sacrifice 20
340 Terminal Sacrifice 20
341 Terminal Sacrifice 20
342 Terminal Sacrifice 20
343 Terminal Sacrifice 20
344 Terminal Sacrifice 20
345 Terminal Sacrifice 20

346 Terminal Sacrifice 20
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MPI Research Study Number 952-002
An Inhalation Developmental Toxicity Study in Rats with Antimony Trioxide

Record of Animal Fate and Disposition - FEMALE

Group,

Animal Number Fate Day
2.6 mg/M®

347 Terminal Sacrifice 20
348 Terminal Sacrifice 20
349 Terminal Sacrifice 20
350 Terminal Sacrifice 20
351 Terminal Sacrifice 20
352 Terminal Sacrifice 20
4.4 mg/M®

353 Terminal Sacrifice 20
354 Terminal Sacrifice 20
355 Terminal Sacrifice 20
356 Terminal Sacrifice 20
357 Terminal Sacrifice 20
358 Terminal Sacrifice 20
359 Terminal Sacrifice 20
360 Terminal Sacrifice 20
361 Terminal Sacrifice 20
362 Terminal Sacrifice 20
363 Terminal Sacrifice 20
364 Terminal Sacrifice 20
365 Terminal Sacrifice 20
366 Terminal Sacrifice 20
367 Terminal Sacrifice 20
368 Terminal Sacrifice 20
369 Terminal Sacrifice 20
370 Terminal Sacrifice 20
371 Terminal Sacrifice 20
372 Terminal Sacrifice 20
373 Terminal Sacrifice 20
374 Terminal Sacrifice 20
375 Terminal Sacrifice 20
376 Terminal Sacrifice 20
377 Terminal Sacrifice 20
378 Terminal Sacrifice 20
6.3 mg/M°

379 Terminal Sacrifice 20
380 Terminal Sacrifice 20
381 Terminal Sacrifice 20
382 Terminal Sacrifice 20
383 Terminal Sacrifice 20
384 Terminal Sacrifice 20
385 Terminal Sacrifice 20
386 Terminal Sacrifice 20
387 Terminal Sacrifice 20
388 Terminal Sacrifice 20

389 Terminal Sacrifice 20
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MPI Research Study Number 952-002
An Inhalation Developmental Toxicity Study in Rats with Antimony Trioxide

Record of Animal Fate and Disposition - FEMALE

Group,

Animal Number Fate Day
6.3 mg/M°

390 Terminal Sacrifice 20
391 Terminal Sacrifice 20
392 Terminal Sacrifice 20
393 Terminal Sacrifice 20
394 Terminal Sacrifice 20
395 Terminal Sacrifice 20
396 Terminal Sacrifice 20
397 Terminal Sacrifice 20
398 Terminal Sacrifice 20
399 Terminal Sacrifice 20
400 Terminal Sacrifice 20
401 Terminal Sacrifice 20
402 Terminal Sacrifice 20
403 Terminal Sacrifice 20

404 Terminal Sacrifice 20
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APPENDIX D
Individual Gestation Clinical Findings

952-002
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Codes For Individual Organ Weight Values

Terminal Sacrifice

*Data not available
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APPENDIX K
Individual Animal Cesarean Section Data, Individual Fetal Body Weight Values, and
Individual Crown Rump Distance Values
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