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Good Laboratory Practice Compliance Statement

The study described in this report was conducted in compliance with Title 40, Code of
Federal Regulations (CFR), Part 792, Good Laboratory Practice Standards, except for
the following:

1. The statistical analyses of the data were conducted by the U.S. Army Public Health
Command statisticians. It is not known if these analyses were conducted in accordance
with Good Laboratory Practice Standards.

2.  During the study period, there were two instances where the animal room
temperature was outside of the targeted range of 68-79 °F. In addition, there were five
instances of the animal room being outside of the targeted humidity range of 30-70%.

In each case, the problem was reported to maintenance personnel and rectified as soon
as possible so that it did not affect the quality or integrity of the data generated from this
study.

3. The test article characterization (purity) was conducted by the manufacturer and it
is not known whether the testing was done in compliance with the above regulation.
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‘LEE C.B. CROUSE Date
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TOXICOLOGY STUDY NO. 85-XC-0FP4-12
PROTOCOL NO. 0FP4-93-12-03-03
REPEATED-DOSE AND REPRODUCTIVE/DEVELOPMENTAL
TOXICITY OF NTO (3-NITRO-1,2,4-TRIAZOL-5-ONE) IN THE RAT
APRIL-JULY 2012

Summary

1.1 Purpose

The primary objective of this study was to determine the initial reproductive and developmental
toxicity of 3-Nitro-1,2,4-triazol-5-one (NTO) through the use of a screening test. This test is not
designed to provide complete information on all aspects of reproduction and development and only
offers a limited means of detecting post-natal manifestations of prenatal exposure or effects
induced during post-natal exposure. The secondary objective of this study was to confirm the
effects of repeated-dose exposure to NTO using different exposure durations and dose levels than
previously evaluated.

1.2 Conclusions

Daily oral exposure to male and female rats at dosages of 31.25, 125, and 500 mg/kg-d NTO in
corn oil for four weeks did not induce compound-related pre-term mortality. Clinical signs of toxicity
were mainly limited to bright yellow-colored urine at higher dosages with no changes in body mass,
body mass gain, and food consumption compared to controls observed throughout the study
period.

Treatment with NTO resulted in reductions in testes and epididymides mass and mass ratios in
male rats given 500 mg/kg-d. Microscopic evaluation of these tissues revealed severe
degeneration/atrophy of the testicular seminiferous tubules along with moderate to severe
hypospermia and cribiform change of the epididymides. Sperm counts were reduced in the high
dose group (500 mg/kg-d) with no motile sperm observed. Complete recovery was not evident in
the high dose satellite group following a 4-week recovery period. Reductions in sperm counts with
no motile sperm were also observed in the male satellite group. In female rats, differences
between NTO treated and control animals were observed for brain and spleen, and uterus mass
and mass ratios. Absolute brain mass was reduced in the 31.25 mg/kg-d dose group relative to
controls. Spleen mass and spleen to body mass ratios were reduced in the 31.25 and 500 mg/kg-d
dose groups relative to controls. No treatment-related microscopic findings were observed in
female rats.

Under the stated study conditions, oral dosages of up to and including 500 mg/kg-d NTO did not
appear to affect reproduction or development in Sprague-Dawley rats. Based upon the gross and
microscopic findings in male rats following 4 weeks of treatment, as well as the results of the cauda
epididymal sperm analysis, infertility would have likely been observed in the high dose males with
an extended pre-mating dosing period. Gross external examinations of the offspring on the day of
birth and on day 4 postpartum did not indicate that NTO presents a developmental hazard.
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2 References

See Appendix A for a listing of references.

3  Authority

Military Interdepartmental Purchase Request (MIPR) No. MIPRIJDATHR142. This toxicology study
addresses, in part, the environmental safety and occupational health requirements outlined in Army
Regulations (AR) 200-1, AR 40-5, and AR 70-1; Department of Defense Instruction 4715.4; and
Army Environmental Requirements and Technology Assessments (Department of the Army (DA),
2007a and b; DA, 2003; Department of Defense (DOD), 1996; and U.S. Army Environmental
Command (USAEC), 2009). It was performed as part of an on-going effort by the U.S. Army
Environmental Quality Technology (EQT), Ordnance Environmental Program Pollution Prevention
Team, to produce safer ordnance. This program is under the direction of the U.S. Army Research,
Development, and Engineering Command (USARDECOM) Environmental Acquisition Logistics &
Sustainment Program and EQT Pollution Prevention.

4 Background

As a result of the Department of Defense (DOD)-wide initiative to improve munitions safety, the
U.S. Army is developing insensitive munitions (IM) for incorporation into its inventory of
conventional ammunition and missiles. The Army's IM Program is dedicated to developing
munitions that reliably perform as they are intended but are less prone to inadvertent initiation from
external stimuli such as bullet/fragment impact, heat from fire, and shock from neighboring
explosions (Duncan 2002). The production of insensitive munitions requires the use of intrinsically
insensitive explosives that contribute to lower order responses to inadvertent external stimuli.
Despite the slightly lower performance of NTO compared to TNT, there has been a renewed
interest in its use in explosive formulations based on the lower sensitivity as a melt-cast medium
observed during testing and the less stringent shipping requirements. This has led to the
development of a range of melt-castable explosives at Picatinny Arsenal, collectively known as
“PAX” explosives (Davies and Provatas, 2006). To support the possible fielding and full-scale
production of these PAX explosives, occupational exposure guidelines need to be developed and
refined using toxicity data in a mammalian system to assess any occupational health hazards
associated with the use and production of this material.

NTO is being investigated as a less sensitive direct replacement for traditional explosives such as
TNT and RDX. NTO is a crystalline powder that is one of the components used in the formulation
of an insensitive explosive referred to as IMX101. NTO was first reported in 1905 but was not used
as an explosive until the early 1980’s when it was discovered that the French were developing a
“new insensitive explosive”, which was later reported to be NTO. Renewed interest in the energetic
properties of NTO has been fueled by the need to develop munitions that are less prone to
inadvertent initiation during transport and routine handling. The reduced sensitivity to
environmental stimuli and nearly equal performance during testing make NTO-based formulations
desirable replacements for currently fielded munitions (Spear et al, 1989; Smith and Cliff, 1999). In
addition to minimizing collateral damage from weapon or ordnance accidents, insensitive munitions
offer logistical advantages on the battlefield. As modern battlefields increasingly shift into
populated urban centers, insensitive munition inventories represent a less desirable target for
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terrorists and minimize the threat to surrounding communities. Less sensitive munitions could also
potentially be more cost effective and efficient to transport if granted reduced DOD/Department of
Transportation (DOT) hazard classification rankings (DA, Rapid Action Revision (RAR) 2009).

A literature search was conducted prior to the initiation of the study revealing a limited amount of
preliminary toxicity data. The reported mouse and rat oral LDs, values were both greater than 5000
milligrams per kilogram (mg/kg). In addition, NTO was reported to be a mild skin and eye irritant
but was not a dermal sensitizer (Los Alamos National Laboratory, 1985). A subchronic oral toxicity
study in rats on NTO was performed by this Command in 2008. The subchronic study on NTO
revealed changes in both testes and epididymides mass and mass ratios at dosages of 315 mg/kg-
day and above. Reductions in sperm counts were also noted at dosages of 315 mg/kg-day and
above. Histopathology performed on the 90-day tissues revealed increased incidences of testicular
hypoplasia at dosages of 315 mg/kg-day and above (USAPHC (Provisional), 2010). A repeated-
dose 14-day range finding study was also completed prior to the initiation of the 90-day study. In
this 14-day study, testes mass and mass ratios were reduced compared to controls in male rats
administered 500 mg/kg-day NTO and above. No dose group differences were observed for
epididymus mass or mass ratios compared to controls and histopathology was not performed on
any tissues from the 14-day study. The data from the oral subchronic study was used to calculate
an occupational exposure level (OEL) for NTO. In addition to determining if the observed testicular
hypoplasia and aspermia significantly affected reproduction, the data from this study will also be
used to refine the established OEL that was previously extrapolated from oral toxicity data.

The following table identifies the critical dates of this study.

Table 1. Critical Study Events

Critical Event Date of Event
Animal Use Protocol Approved March 30, 2012
Animals Born In-House Transferred to Protocol April 9, 2012

Study In-Life Initiation May 7, 2012

Male Necropsies June 4 &5, 2012
Pup Gross External Examinations June 17-30, 2012
Female Necropsies June 18-July 1, 2012
Recovery Male Necropsies and Experimental Completion | July 2, 2012

Study Completion March 2014

5 Materials

5.1 Test Substance

NTO is a light green to white crystalline solid with no odor. The chemical formula is C;H;N403 and
the molecular weight is 130.06 grams per mole (g/mole). The manufacturer has stated that NTO
has a melting point of 268-271 °C and a specific gravity of 1.93 (BAE Systems, 2007). The material
was supplied by Ordnance Systems, Inc., Kingsport, Tennessee and identified as lot number
BAE11L375-061 and batch number 10NTO11-5. The compound purity was performed by the
manufacturer and reported as 99.48% pure by high-performance liquid chromotography analysis.
The material was shipped to the U.S. Army Research, Development Engineering Command,
Engineering Directorate, Pyrotechnics Team, APG-EA, MD 21010. A separate dosing
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solution/suspension was prepared for each dose group at targeted concentrations of 6.25, 25, and
100 milligrams/milliliter (mg/ml). Dosing solutions/suspensions were prepared in volumes sufficient
for approximately two-three weeks of dosing, resulting in preparation of two sets of dosing
solutions. A third batch of 100 mg/ml dosing suspension was also required due to the additional
volume needed for dosing of the recovery male animals. For each dosing solution/suspension, the
calculated amount of NTO was weighed and placed in a ceramic mortar. The NTO was then
wetted with a measured amount of corn oil and ground with a mortar and pestle to a fine
consistency. The slurry was transferred to a volumetric flask and the mortar was rinsed with a
measured amount of corn cil to remove any remaining slurry. The remaining corn oil was then
added to the suspension to achieve the calculated concentration. A one milliliter (ml) sample was
taken from each dosing solution/suspension prepared for the study and analyzed using an HPLC
with ultraviolet detection to verify the concentration. In addition, the homogeneity of the
solutions/suspensions was verified by determining the concentration of samples taken from the top,
middle, and bottom of the highest concentration (100 mg/ml) suspension. Samples were collected
from a representative suspension (6 mg/ml) at weekly intervals for an eight-week period to
determine the stability of NTO in corn oil.

5.2 Animals’t

Each phase of this study was conducted using young adult male and female Sprague-Dawley rats
born in-house from a stock of timed-pregnant animals obtained from a Charles River Laboratories,
Wilmington, Massachusetts. The animal room was maintained at 70.8 + 0.87 °F and 51.0 £ 8.71%
relative humidig during the acclimation and study periods. A certified pesticide-free rodent chow
(Harlan Teklad™, 8728C Certified Rodent Diet) and drinking quality water were available ad libitum
except during overnight fasting prior to final blood collection. Rats were housed individually in
suspended polycarbonate boxes with ALPHA-dri® bedding except during the mating period when
the animals were housed on elevated wire racks in the polycarbonate boxes to allow for the
observation of sperm plugs. Each rat was uniquely identified by number using cage cards. In
addition, the animal identification number was recorded on the tail of each rat with a water-insoluble
marker. (Teklad® Certified Rat Diet is a registered trademark of Harlan, Teklad. ALPHA-dri®is a
registered trademark with Shepherd Specialty Papers.)

5.3 Contract Studies

Tissues from this study were preserved, packaged and transported to U.S. Army Medical Research
Institute for Chemical Defense (USAMRICD), Aberdeen Proving Ground, MD, for processing, slide
preparation and staining. Slides were returned to USAPHC for evaluation by an American College
of Veterinary Pathology board certified military veterinary pathologist.

" Research was conducted in compliance with DoD and federal statutes and regulations relating to
animals and experiments involving animals and adheres to principles stated in the Guide for the Care and
Use of Laboratory Animals, Institute of Laboratory Animal Resources, Commission on Life Sciences,
National Research Council. National Academy Press, Washington, DC 1996.

T The studies reported herein were performed in animal facilities fully accredited by the American
Association for the Accreditation of Laboratory Animal Care.
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5.4 Quality Assurance

The AIPH Quality Systems Office audited critical phases of this study. Appendix B provides the
dates of these audits, the phases audited, along with the dates that the resulits of the inspections
were reported to the Study Director and Management.

5.5 Study Personnel

Appendix C contains the names of persons contributing to the performance of this study.

6 Methods

6.1 General Description

The study consisted of a repeated-dose oral toxicity test as well as a reproductive/developmental
screening test and was conducted in a manner consistent with the methods outlined in the
Organization for Economic Cooperation and Development (OECD) Test Guideline 422 (OECD,
1996). Neurobehavioral observations were omitted from this study due to the negative results
obtained during the performance of a subchronic oral toxicity study on NTO previously performed
by this Institute (USAPHC (Provisional), 2010). Dose selection was based on the findings obtained
from previously-performed 14- and 90-day oral toxicity studies with the expectation of producing
reproductive effects at the highest dose.

6.2 Test Substance Administration

Forty male and female Sprague Dawley rats, eight weeks old, weighing 339.8 + 21.78 and 215.5 +
12.82 grams, respectively, at the start of dosing were used for this study. Since these animals
were born in-house and transferred for use on the study, they were acclimated for a 4-week period
until they reached the appropriate age to be used. The animals were weighed and observed
periodically throughout the acclimation period to assess their overall health. Following the
acclimation period, ten rats of each sex were randomly distributed, according to body mass, into
three NTO treatment groups and a corn oil control group. Dosage levels were set at 31.25, 125,
and 500 mg/kg-day. Male and female rats were assigned to evenly distributed experimental start
dates to facilitate the scheduling of necropsies. The volume of dosing solution/suspension per
kilogram of body mass was equivalent across dose groups (5 ml/kg), including corn oil control
animals. Animals were dosed daily (7 days/week) using a stainless steel 16 gauge x 2 inch gavage
needle.

Male rats were dosed for a total of four weeks encompassing the two-week pre-mating period and
the two-week mating period. Female rats were dosed throughout the study including the two-week
pre-mating period, the variable time to conception, the duration of pregnancy, and up to and
including postpartum day four. Dose was determined by the most recent weekly body mass
measurement.

In addition to the main study animals, twenty male Sprague Dawley rats, eight weeks old, weighing
337.8 + 28.90 grams at the start of dosing, were used as a satellite group to detect delayed
occurrence, persistence of, or recovery from the toxic effects of NTO. These animals were from the
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same stock of animals used for the main study and were randomly distributed, according to body
mass, into a 500 mg/kg-day NTO treatment group and a corn oil control group consisting of ten
male rats each. Satellite animals were dosed concurrently with main study animals seven
days/week for a period of four weeks and were then held, but not dosed, for an additional four-week
period prior to necropsy. The volume of NTO dosing suspension and corn oil per kilogram of body
mass was equivalent to that of the main study animals (5 ml/kg) with dose determined by the most
recent weekly body mass measurement.

6.3 Mating Procedure

Since the animals used for this study were born in-house, the male and female mating pairs for
each dose group were randomly assigned according to dam to eliminate the possibility of
inbreeding. Following the two-week pre-mating period, male and female rats were pair-housed in
solid-bottom cages with elevated wire racks placed in the bottom. The female rats remained pair-
housed with the same male rat until a sperm or vaginal plug was observed or a period of two weeks
elapsed. The female rats and the cages were examined each morning prior to dosing for the
presence of a vaginal or sperm plug. Day 0 of pregnancy was defined as the day a vaginal plug
was observed and the pair was separated to be placed back in individual cages.

6.4 Body Mass and Food Consumption

Male and female rats were weighed several times during the acclimation period, on the first day of
dosing, and weekly thereafter. During pregnancy, female rats were weighed on gestational days 0,
7, 14, 20, within 24 hours of parturition, and on day 4 postpartum. Female rats showing no
evidence of copulation resumed their normal weekly weigh schedule following the 2-week mating
period. Weekly body mass was obtained from satellite male animals during both the exposure and
recovery periods. Terminal body mass was obtained the morning of necropsy following overnight
fasting for all animals. Litters were weighed within 24 hours of parturition (day 0 or 1 postpartum)
and on day 4 postpartum.

Feed was provided ad libitum seven days per week in weighed feeder bins with the exception of
overnight fasting prior to necropsy. Feeder bins were reweighed on the same days body mass was
obtained. Grams of food consumption for each period were calculated by subtracting the mass of
the empty feeder from the mass of the full feeder. Food consumption was not monitored during the
mating period due to pair-housing.

6.5 Observations

A thorough physical examination of each animal, including the male satellite group, was performed
each day concurrently with the dosing procedure. Observations for mortality and signs of toxic
effects were made twice daily, once in the morning following dosing and once in the afternoon,
except on weekends when observations were only performed in the morning. Observations
included, but were not limited to, evaluation of the skin and fur, eyes and mucous membranes,
respiratory and circulatory effects, autonomic effects (e.g., salivation), central nervous system
effects (e.g., tremors and convulsions), changes in the level of activity, gait, and posture, reactivity
to handling or sensory stimuli, altered strength, and stereotypes or changes in behavior (e.g., self-
mutilation). Pregnant females approaching gestation day 21 were observed more frequently to



Toxicology Study No. 85-XC-0FP4-12, April-July 2012

allow for an accurate determination of gestation duration. One-time functional observations were
omitted from this study due to the negative results obtained from a previously-performed
subchronic oral toxicity study on NTO in rats.

Each litter was examined within 24 hours of parturition to establish the number and sex of live pups,
litter mass, stillbirths, runts, and the presence of gross abnormalities. Litters were again examined
on postpartum day 4 to establish the number and sex of live pups, litter mass, bizarre behavior, and
the presence of gross external abnormalities.

6.6 Necropsy

Rats that died during the course of this study were submitted for gross necropsy. Tissues that were
not grossly autolytic were submitted for histopathological evaluation. Following the appropriate
treatment period, all surviving adult rats were anesthetized with carbon dioxide (CO,), blood was
collected by intracardiac puncture, and rats were euthanized using CO,. Surviving male rats were
euthanized following four weeks of treatment while surviving female dams were euthanized on
postpartum day 5. Male necropsies were scheduled over two days based on the staggered
experimental start dates and dam necropsies were based on their delivery date. Female rats that
did not become pregnant were euthanized 24-25 days following the last day of the mating period.
Litters were examined, anesthetized with CO,, and euthanized on post-natal day 4. Male rats in the
satellite group were euthanized 28 days following the last day of their treatment period. A
macroscopic examination was conducted on all terminal animals, noting all lesions and abnormal
observations. The following organs and tissues, or representative samples, were preserved in a
suitable medium: all gross lesions; brain (including sections of medulla/pons, cerebellar cortex and
cerebral cortex); pituitary; thyroid/parathyroid; thymus; lungs and trachea; pharynx; larynx; nose;
heart; femur bone marrow; salivary glands; liver; spleen; kidney; adrenals; pancreas; testes; uterus;
aorta; esophagus; stomach; duodenum,; jejunum; ileum; caecum; colon; rectum; urinary bladder;
representative lymph node; peripheral nerve; sternum with bone marrow; mammary gland; thigh
musculature; eyes; femur (including articular surface); spinal cord at three levels (cervical,
midthoracic, and lumbar) and exorbital lachrymal glands. In addition, the following organs were
removed, trimmed in a uniform manner, and weighed: liver; kidneys; adrenals; gonads; spleen;
brain; epididymides; uterus; thymus, and heart.

6.7 Sperm Analysis

Cauda epididymal sperm counts were determined on all male rats using a computer assisted sperm
analyzer (TOX IVOS-CASA, Hamilton Thorne Research, Beverly, MA). After removal, trimming,
and weighing, one epididymis was further trimmed to select the cauda portion, weighed, placed in
one well of a six-well plate containing 10 ml of Roswell Park Memorial Institute-1640 (RPMI-1640;
Sigma-Aldrich, St. Louis, MO) medium at approximately 37 °C and minced using two scalpel blades
to release sperm. The suspension was incubated for 15 minutes at approximately 37 °C.

Following a brief mixing with a pipette tip, 0.5 ml of suspension was transferred to one well of a six-
well plate containing 2 ml of RPMI-1640 medium and stirred again. A chamber of a 100 micron
standard count analysis slide (Leja®, Spectrum Technologies, Healdsburg, CA) was loaded with
the resulting diluted semen suspension and the slide loaded into the semen analyzer. The number
of sperm, number of motile sperm, and number of progressive sperm were determined in duplicate
for each animal. The data were expressed as millions of sperm per ml of suspension and millions
of sperm per gram cauda epididymis.
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6.8 Clinical Chemistry and Hematology

Blood was obtained from CO; anesthetized adult animals via intracardiac puncture at the
termination of the study. Blood for clinical chemistry analyses was transferred to tubes with no
anticoagulant, allowed to clot for at least 20 minutes, and centrifuged to obtain serum. Blood for
hematology analyses was transferred immediately to tubes containing tripotassium
ethylenediamine-tetraacetic acid (KsEDTA). Animals were fasted overnight prior to blood collection.

Clinical Chemistry parameters including: albumin (ALB), alkaline phosphatase (ALKP), alanine
aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN), calcium
(Ca), cholesterol (CHOL), creatinine (CREA), glucose (non-fasting) (GLU), globulin (GLOB), lactate
dehydrogenase (LDH), inorganic phosphorous (PHOS), total bilirubin (TBIL), total protein (TP),
sodium (Na), potassium (K), and chloride (Cl) were determined (VetTest 8008 Chemistry Analyzer;
VetLyte Na, K, Cl Analyzer, IDEXX Laboratories, Inc., One IDEXX Drive, Westbrook, ME 04092) on
all valid serum samples.

Hematology parameters including: white blood cell count (WBC), WBC differential (% neutrophils
(NEU %N), % lymphocytes (LYM %L), % monocytes (MONO %M), % eosinophils (EOS %E), %
basophils (BASO %B)), red blood cell count (RBC), hemoglobin (HGB), hematocrit (HCT), mean
cell volume (MCV), mean cell hemoglobin (MCH), mean cell hemoglobin concentration (MCHC),
red blood cell distribution width (RDW), platelets (PLT), and mean platelet volume (MPV) were
determined (Cell-Dyn 3700 Hematology Analyzer, Abbott Laboratories, Abbott Park, IL 60064) on
all valid samples.

6.9 Histopathology

Tissues were appropriately preserved in 10% buffered formalin, selectively trimmed and placed in
cassettes labeled with protocol number, animal identification number, and laboratory-assigned
accession number. Testes and epididymides were preserved in modified Davidson’s fixative for a
period not exceeding 24 hours and were then transferred to 70% ethyl alcohol. Cassettes were
placed in labeled formalin-filled bottles and transported to USAMRICD for processing. Tissues
were routinely processed and paraffin embedded. All processed and embedded tissues were
microtomed at 5 pm thick and automatically stained with hematoxylin and eosin and coverslipped.
The pathologist examined slides for compound-induced histopathologic changes via light
microscopy. The prevalence and severity of findings were graded as compared to controls.
Findings were assigned as none, minimal, mild, moderate, or severe.

6.10 Statistical Analysis

Analyses were conducted for males and females separately. SPSS 16.0 was used to perform all
analyses and statistical significance was defined as p<.05. For one-time measurement variables in
adult animals (hematology, clinical chemistry, organ to body/brain mass ratios, sperm counts,
litter/pup parameters), the dose groups were compared using a one-factor analysis of variance
(ANOVA). If the dose group effect was significant, a Tukey post hoc test was used to compare
pairs of dose groups. The Levene's test was used to determine the variance of the groups. The
Tukey post hoc test was used because group variances were equal. Data was checked for
normality by plotting residuals. If data was not normal it was natural log transformed. If
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transformation still did not satisfy ANOVA assumptions, a non-parametric Kruskal-Wallis (K-W) test
was used to analyze dose group differences. (SPSS® is a registered trademark of SPSS, Inc.)

For absolute organ mass, comparison of the dose groups was made using an analysis of
covariance (ANCOVA), with body mass at the end of the study as the covariate. Even though the
dose groups were assigned at Day 0 to keep the average starting mass for each dose group
similar, the average mass could have changed during the study dependent on the dose group. The
ANCOVA adjusted for any differences in terminal body mass among the dose groups because
heavier animals would tend to have heavier organs. If the dose group effect was significant, a
Sidak post hoc test was used to compare pairs of dose groups and dose groups to the control
group.

Repeated-measure variables for adult animals (body mass and food consumption) were compared
using repeated measures ANOVA. If the dose effect in the ANOVA was significant, a Tukey post
hoc test was used to compare pairs of dose groups. If the interaction effect of week and dose
group was statistically significant, weekly means were compared but overall dose group means
were not because results would have been inconclusive. Verification of normally distributed data
(residual plots) and equal variances among dose groups (Levene's test) assumptions was
performed.

The distributions of reproductive characteristics were compared descriptively. The sample sizes for
each group were too small to test statistically. To test for differences in the count distribution, a chi-
square test would have been appropriate. However, given the sample size and the high proportion
of females achieving the various reproductive endpoints, the expected value of many of the cells
would have been less than 5 and violated the assumptions of a chi-square test.

7 Results

7.1 Analytical Results

The analytical chemistry results are summarized in Tables 2 and 3. The results of the 7-week
stability study indicated that the NTO concentration in corn oil remained within acceptable ranges.
Weekly recovery percentages ranged from 100-107% throughout the sampling period.
Homogeneity testing of the most concentrated NTO/corn oil suspension (100 mg/ml) yielded 92%
recovery at the top and 89% recovery at the middle and bottom of the container. Verification of the
dosing solution/suspension concentrations prior to use yielded recovery percentages ranging from
85-102% of the nominal concentrations for all batches mixed. Given the concentrated nature of
these mixtures and the acceptable limits of the analytical laboratory control samples for this
method, these analytical results were considered acceptable. All of the dosage levels are reported
using the nominal concentrations.
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Table 2. Stability and Homogeneity Results

Nominal Concentration (mg/ml) Analytical Concentration (mg/ml)

6 (day 0 stability) 6.3

6 (day 7 stability) 6.1

6 (day 14 stability) 6.0

6 (day 21 stability) 6.3

6 (day 28 stability) 6.3

6 (day 35 stability) 6.3

6 (day 42 stability) 6.4

6 (day 49 stability) 6.3
100 (homogeneity top) 92
100 (homogeneity middle) 89
100 (homogeneity bottomn) 89

Table 3. Dosing Solution/Suspension Concentration Results

Nominal Concentration (mg/ml) Analytical Concentration (mg/ml)
Batch 1 Batch 2 Batch 3
6.25 6.4 5.9, 5.7, 5.7 (repeats)
25 23 22,22, 23 (repeats)
100 96 87, 85, 90 (repeats) 86

7.2 Clinical Observations and Mortality

Daily oral administration of NTO suspended in corn oil for the selected time periods did not induce
compound-related mortality at dosages of 500 mg/kg-d and below. One male rat in the 31.25
mg/kg-d dose group was found dead in its cage on day 18 of the study. This animal did undergo a
gross pathological examination but the severity of tissue autolysis prevented the determination of a
cause of death. This pre-term mortality was not considered test material related since the animal
exhibited no clinical signs of toxicity prior to death.

Very few clinical signs were observed that could directly be attributed to NTO administration and
were mainly limited to bright yellow-colored urine at dosages of 125 mg/kg-d and above. Additional
signs noted throughout all dose groups that were likely caused by the stress associated with the
daily oral gavage procedure included barbering, chromodacryorrhea, and dried red material around
nose. Several female and recovery male animals had sores either behind the ears or on the ventral
cervical area. The Attending Veterinarian examined the animals and noted localized alopecia with
superficial lacerations. The affected animals were treated daily with a topical povidone swab.
Although a skin scrape was recommended to determine whether the sores were caused by a
parasitic problem or contact dermatitis, the lacerations resolved with topical treatment prior to the
skin scrape being performed. Several female animals also exhibited signs resulting from parturition
(e.g., blood-stained fur on urogenital area and rough haircoat). Due to the viscosity of the dosing
suspensions, some male and female animals throughout all NTO dose groups appeared to have
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corn oil around their mouths following dosing. This observation was noted in case the animal
aspirated part of the dose and could have developed congested breathing on the following day (see
Appendix D).

7.3 Body Mass

No differences in the body mass measurements for any male (including recovery males) or female
dose group compared to control animals were observed throughout the study period. Body mass
for the male and recovery male control groups was slightly higher by the end of the study period but
the difference was not enough to be statistically significant. Female inter-dose group variability was
obviously greater due to the pregnancies (see Appendix E).

7.4 Body Mass Gain and Food Consumption

No differences in body mass gain or food consumption for any male (including recovery males) or
female dose group compared to control animals were observed throughout the study period.
Female body mass gain and food consumption was reduced in the 500 mg/kg-d dose group during
the 2-week pre-mating period compared to the 31.25 mg/kg-d dose group only (p=0.008 and 0.009,
respectively). No differences were observed between any of the female dose groups during the
gestational or postpartum study pericds (see Appendices F & G).

7.5 Organ Mass and Ratios

In male rats, differences in organ mass and organ mass ratios were limited to the reproductive
organs. Testes and epididymides mass, organ to body mass, and organ to brain mass ratios were
decreased in the 500 mg/kg-d dose group compared to all other dose groups, including controls
(p=0.00 for all). Testes and epididymides mass, organ to body mass, and organ to brain mass
ratios remained decreased in the 500 mg/kg-d recovery male dose group compared to recovery
controls following a 4-week recovery period (p=0.00 for all). In female rats, differences between
NTO treated and control animals were observed for brain, spleen, and uterus mass and mass
ratios. Absolute brain mass was reduced in the 31.25 mg/kg-d dose group relative to controls
(p=0.020). Spleen mass and spleen to body mass ratios were reduced in the 31.25 (p=0.035 and
p=0.031) and 500 mg/kg-d (p=0.008 and p=0.005) dose groups relative to controls. Following the
removal of one outlier in the 500 mg/kg-d dose group, absolute uterus mass and uterus to brain
mass ratios were reduced in the 125 mg/kg-d dose group relative to the 500 mg/kg-d group
(p=0.027 and p=.016, respectively) (see Appendix H).

7.6 Sperm Analysis

The number of sperm per gram in the cauda epididymis in male rats in the 500 mg/kg-d group was
reduced to 6.8% of the number of sperm per gram found in the controls (p=0.00). No motile sperm
were found in any of the animals in the 500 mg/kg-d group. Average numbers of sperm per gram
were only reduced to 91.7 and 87.2% of control averages in the 31.25 and 125 mg/kg-d dose
groups, respectively. Following the 4-week recovery period, the number of sperm per gram in the
cauda epididymis of male rats in the recovery 500 mg/kg-d group was reduced to 28.6% of the
number of sperm per gram found in the recovery controls (p=0.00). No motile sperm were found in
any of the animals in the recovery 500 mg/kg-d group (see Appendix I).
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7.7 Clinical Chemistry

Differences between NTO treated male and female dose groups and their controls were not present
for any of the serum clinical chemistry parameters. Total bilirubin (TBIL) was increased in the male
500 mg/kg-d dose group compared to the 125 mg/kg-d group only (p=0.023). The male TBIL group
means did not exhibit any dose-dependent trends and all remained within normal ranges (Charles
River Laboratories, 2006). No differences in clinical chemistry parameters were observed between
the recovery male 500 mg/kg-d group and the recovery male controls. Phosphorus (PHOS) was
elevated in the female 500 mg/kg-d group compared to the 125 mg/kg-d group (p=0.022) but all
group means were well above normal ranges (Charles River Laboratories, 2006) (see Appendix J).

7.8 Hematology

Differences between NTO treated male and female dose groups and their controls were not present
for any of the hematology parameters. Mean cell volume (MCV) and mean cell hemoglobin (MCH)
were increased in the male 500 mg/kg-d group compared to the 31.25 mg/kg-d group (p=0.041 and
p=0.010, respectively). All male MCV values remained within normal ranges while only the male
31.25 mg/kg-d MCH means were within normal ranges. MCH means for the control, 125, and 500
mg/kg-d groups were all above historical ranges. Mean platelet counts (PLT) were decreased in
the male 500 mg/kg-d group compared to the 125 mg/kg-d male means but all group means
remained within normal ranges. No differences in hematology parameters were observed between
the recovery male 500 mg/kg-d group and the recovery male controls. Percent basophils (BASO
%) were elevated in the female 500 mg/kg-d group compared to the 125 mg/kg-d group (p=0.015),
however, all group means were well above normal ranges (Charles River Laboratories, 2006) (see
Appendix K).

7.9 Prothrombin Time

No differences were observed with respect to prothrombin time among any of the male (including
recovery males) or female dose group means (see Appendix L).

7.10 Reproductive/Developmental Parameters

No discernible differences were recognized among the dose groups, including controls, for the
reproductive endpoints expressed as proportions. These endpoints included number of females
showing evidence of copulation, number of females achieving pregnancy, number of dams with live
young born, and number of dams with live young at postpartum day 4. The sample sizes were too
small and proportions were too similar to allow for a meaningful statistical comparison. Of the 10
female rats pair-housed per dose group, 2 out of 10 were not pregnant from the corn oil control and
500 mg/kg-d NTO dose groups. In the control group, a sperm plug was found for one of the mating
pairs but not the other. Sperm plugs were observed for both non-pregnant females in the 500
mg/kg-d dose group. One out of 10 females was not pregnant in the 31.25 mg/kg-d dose group
and a sperm plug was observed for this pair. All females were pregnant in the 125 mg/kg-d dose
group. Historical control data for developmental and reproductive toxicity studies using the
Crl.CD® Sprague-Dawley rat indicated that, on average, 92.93 + 11.1% of the females pair-housed
successfully mated. Of those females that successfully mated, 95.72 + 6.65% were pregnant.
Overall, 88.78 + 11.8% of the female rats pair-housed became pregnant (Charles River
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Laboratories, 1993). NTO-treated animals in this study did not exhibit a reduction in pregnancy
rates and were within historical averages. (CD® is a registered trademark of Charles River

Laboratories)

Dose group averages for the number of days pair-housed prior to finding evidence of copulation,
gestational length, pre-implantation loss, pre-natal loss, and post-natal loss were analyzed using a
non-parametric Kruskal-Wallis test and were not statistically different (p=0.52, p=0.796, p=0.575,
p=0.744, and p=0.431, respectively). Statistical analysis of the number of live pups at birth and at
postpartum day 4, the pup sex ratio at birth and at postpartum day 4, the average litter mass at
birth and at postpartum day 4, and the number of pup abnormalities (including stillbirths) at birth did
not reveal any differences among dose group averages (p=0.974 and p=0.724, p=0.458 and
p=0.381, p=0.525 and p=0.898, p=0.573, respectively). A summary of the litter parameters which
had historical control data are presented in Table 4. The percent postimplantation loss, number of
stillborn pups per litter, and the number of dead pups occurring on post-natal days 1-4 were
elevated in all dose groups compared to historical control averages but were the most elevated in
the corn oil control group. The average pup mass at birth was also slightly decreased in the corn
oil control group compared to the NTO-treated groups and historical controls (see Appendix M).

Table 4. Summary of Litter Parameters

Mean + S.D. Corn Qil 31.25 125 mg/kg | 500 mg/kg | Historical
Control mg/kg Controls*
Length of Gestation (Days) | 22.0+0.00 | 22.1+0.35 | 22.0+ 0.47 | 22.0 + 0.00 2242
0.53
# Implants/Female 15.3+3.01 | 156+260 | 1565+£2.07 | 1531225 15.51
1.85
% Postimplantation Loss 148 + 12.7 + 8.82 125 81+£7.89 | 813+3.35
16.88 16.18
# Live PupsiLitter 128+328 | 13.4+235 | 134+£295 | 1341213 14.14 £
1.42
# Stillborn/Litter 1.8+271 | 02+044 | 04+0.70 | 04074 | 024+0.26
Dead Pups, PND 1-4" 33+6.04 | 03071 | 32623 | 241513 041
0.39"
Sex Ratio (% Male) 453 % 548 + 544z 505+ 49.68 +
12.16 13.80 13.52 15.32 3.90
Birth Mass (Avg. All Pups) 59+065 | 644061 | 62+0.70 | 6.1+0.89 | 6.33+0.29

* (Charles River Laboratories, 2006)
" Historical controls reported as dead pups, PND 1-21
* Includes pups humanely euthanized due to total neglect by dam.

PND=post-natal day

7.11 Pathology

A gross pathological examination of the male pre-term mortality in the 31.25 mg/kg-d group was not
possible due to the extent of tissue autolysis. In male rats, liver findings included 3 with a pale liver
(one control and two 31.25 mg/kg-d animals) and 18 with a dark/mottled liver (three control, four
31.25 mg/kg-d, four 125 mg/kg-d, and seven 500 mg/kg-d animals). Three male rats per dose
group were reported to have dark kidneys with the exception of the 31.25 mg/kg-d group with two.

13




Toxicology Study No. 85-XC-0FP4-12, April-July 2012

A number of male rats throughout all dose groups were noted as having pale intestines either with
or without yellow fluid present (five controls, five 31.25 mg/kg-d, eight 125 mg/kg-d, and eight 500
mg/kg-d animals). Three male controls, two 31.25 mg/kg-d, one 125 mg/kg-d, and two 500
mg/kg-d animals were observed with dark and/or enlarged spleens. One additional male in the 500
mg/kg-d group had a pale spleen and one in the 125 mg/kg-d group had a small spleen. All male
animals in the 500 mg/kg-d group were noted as having small testes. Additional male gross
pathology findings included one control with a small left testes and one 31.25 mg/kg-d animal with 2
pale brown 1 millimeter areas on the left lobe of the thymus.

In recovery male rats, six rats in both the control and 500 mg/kg-d groups were noted to have dark
livers and five animals had dark spleens (three control and two 500 mg/kg-d animals). One control
and three 500 mg/kg-d recovery males were observed with dark/mottled kidneys. Eight out of ten
males in the 500 mg/kg-d recovery group were noted as having small testes. Additional recovery
male gross pathology findings included one control with enlarged submandibular lymph nodes, one
control with hydronephrosis of right kidney, and one 500 mg/kg-d male with hydronephrosis of right
kidney.

In female rats, liver findings included 7 with a dark liver (three control, one 31.25 mg/kg-d, two 125
mg/kg-d, and one 500 mg/kg-d animals), one 125 mg/kg-d animal with a pale brown liver, and one
control with a pale liver. Kidney findings included 4 with dark kidneys (two control, one 125
mg/kg-d, and one 500 mg/kg-d animals) and one 125 mg/kg-d female with left and right cystic
kidneys. A number of female rats throughout all dose groups were noted as having pale intestines
either with or without yellow fluid present (five controls, nine 31.25 mg/kg-d, eight 125 mg/kg-d, and
seven 500 mg/kg-d animals). One female control and one 500 mg/kg-d female were observed with
dark spleens. One female control had a 9 x 4 millimeter diverticulum on serosal side of the greater
curvature of the stomach, 2 females had distended stomachs full of bedding (one 125 mg/kg-d and
one 500 mg/kg-d animals), and one 500 mg/kg-d female had yellow fluid present in the stomach.
Female lung findings included one control with red spots on the lung and two 125 mg/kg-d animals
with mottled lungs. Additional female gross pathology findings included a scab on ventral chin, a
mass in the fat near the ovaries, yellow-tinged mesenteric lymph nodes, enlarged submandibular
lymph nodes, thin appearance, yellow-tinged subcutaneous fat, fluid-filled uterus, dilated uterus,
yellow-stained fur, and a gas distended cecum. Gross pathological findings are individually
identified in Appendix N.

7.12 Histopathology

Mortality occurred in one male rat at the 31.25 mg/kg-d dosage level but the extent of tissue
autolysis at the time of necropsy complicated a thorough microscopic examination of harvested
tissues and a cause of death could not be determined. Dark kidneys and dark spleens were noted
throughout the male and female dose groups but did not have a correlating histologic finding. The
dark organ appearance was likely due to blood congestion and was not considered treatment-
related. Pale small intestines, typically in combination with the presence of yellow fluid, were also
noted throughout all male and female dose groups. This observation was likely due to repeated
oral corn oil administration and was confirmed microscopically, appearing as microvacuolation of
the apical enterocytes.

In the liver, lymphocytic infiltration was noted in all male and female dose groups. Although the
severity of this lesion may intensify with chemical exposures, a few isolated aggregates of

14



Toxicology Study No. 85-XC-0FP4-12, April-July 2012

mononuclear cells are typically considered a background lesion (Thoolen, 2010). Lymphocytic
infiltration (minimal to moderate) was observed in 9/10 males and 6/10 females in the control group,
9/10 males and 10/10 females at 31.25 mg/kg-d, 10/10 males and 8/10 females at 125 mg/kg-d,
and 9/10 males and 6/10 females at 500 mg/kg-d. This observation was not considered treatment-
related since incidence and severity was similar among all dose groups, including controls.

In the spleen, extramedullary hematopoesis and hemosiderosis was noted in the majority of male
and female rats, including the females that did not become pregnant. Minimal to moderate
extramedullary hematopoesis was observed in all male rats except for two in the 31.25 mg/kg-d
group and in all female rats except for one control and one in the 500 mg/kg-d group. Minimal to
moderate hematopoesis was noted in all male and female rats except for one male in the 31.25
mg/kg-d group. Both of these observations were not considered treatment-related since incidence
and severity was similar among all dose groups, including controls.

A decrease in thymic cortical lymphocytes was noted in 5/8 controls, 3/9 31.25 mg/kg-d, 5/10 125
mg/kg-d, and 2/7 500 mg/kg-d pregnant females. In pregnant females, an early increase in thymic
mass is followed by a marked reduction in cellularity of the cortex with the level of cellularity
returning to normal once pregnancy is over. In addition, elevated progesterone levels during
pregnancy negatively impact thymic mass whereas elevated prolactin levels during lactation have a
stimulatory effect on the thymus (Pearse, 2006). Although this microscopic finding was observed in
pregnant females in all dose groups, thymic mass was not different across dose groups. The
finding was considered to be associated with pregnancy and not treatment-related.

NTO-related lesions were limited to the reproductive system in male rats. Severe tubular
degeneration and atrophy was observed in the testes of 10/10 male rats given 500 mg/kg-d NTO.
The majority of the testicular seminiferous tubules in these animals were shrunken, retaining only
Sertoli cells, spermatogonia, and early stage spermatocytes (leptotene and zygotene). Few tubules
retained pachytene spermatocytes and most were degenerate. One male control animal was noted
to have a severely degenerative/atrophied left testis however the finding was considered to be a
random congenital underdeveloped testis and not related to the study. Moderate hypospermia was
observed in the epididymides of 3/10 500 mg/kg-d males while severe hypospermia/aspermia was
observed in 7/10 500 mg/kg-d males. Moderate hypospermia was defined as absence of mature
spermatids in the head and body of the epididymis with mature spermatids evident in the tail
section. In animals with severe hypospermia/aspermia, mature spermatids were not observed in
any epididymal segment. Minimal to mild cribiform change of the epididymis, defined as an
infolding and bridging of the epithelium in segments of ducts that have undergone contraction due
to decreased/absent sperm, was observed in 10/10 500 mg/kg-d male rats. Severe
hypospermia/aspermia as well as cribiform change of the epididymis was also observed in the one
male control animal with an underdeveloped testis.

Following a 4-week recovery period, complete recovery from observed testicular and epididymal
lesions was not evident in male rats given 500 mg/kg-d NTO for 4 weeks. For recovery males,
incidence and severity of testicular tubular degeneration/atrophy was reported separately for the left
and right testes. Incidence and severity of tubular degeneration/atrophy for 500 mg/kg-d recovery
males was as follows: 4/10 left testes and 4/8 right testes with mild degeneration, 4/10 left testes
and 3/8 right testes with moderate degeneration, and 2/10 left testes and 1/8 right testes with
severe degeneration. Two of the right testes in the 500 mg/kg-d recovery group were not available
for microscopic evaluation. All spermatogonia and spermatocytes were present through all stages
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for recovery males. Mild degeneration was defined as variable mature 13-18 and 19 spermatids
missing while moderate degeneration indicated that spermatids 1-11/12 were generally present
with some 7-10 spermatid loss and 13-18 variably present. No mature 19 spermatids were present
with moderate degeneration. Severe degeneration was defined as stages |-V completely intact,
stages VII-VIIl missing mature 19 spermatids, and stages IX-XIV missing spermatids 9-14 with
more completely atrophic tubules. Mederate hypospermia was observed in the epididymides of 7/9
500 mg/kg-d recovery males with 2/9 exhibiting severe hypospermia/aspermia. The testes and
epididymides of all male control recovery animals were normal (see Appendix O).

8 Discussion

This study was conducted to provide additional information concerning the subacute (28 day) oral
toxicity of NTO as well as provide preliminary reproductive/developmental toxicity information
based on the results from previous studies. The previously performed subacute (14 day) and
subchronic (90 day) oral toxicity studies identified the testes and epididymides as primary target
organs for NTO-induced toxicity. In the subacute study, testes mass and mass ratios were
reduced compared to controls in male rats administered 500 mg/kg-day NTO and above. Mean
absolute epididymal mass was reduced in male rats given 1500 and 2000 mg/kg-d compared to
controls. Histopathology was not performed on any tissues from the 14-day study. The subchronic
study on NTO revealed reductions in both testes and epididymal mass and mass ratios at dosages
of 315 mg/kg-day and above. Reductions in sperm counts were also noted at dosages of 315
mg/kg-day and above. Microscopic evaluation of the 90-day tissues revealed increased incidences
of testicular hypoplasia, characterized by moderate to severe tubular degeneration/atrophy, at
dosages of 315 mg/kg-day. Trace to mild hepatocellular hyperplasia was also observed in the
livers of male and female rats administered 1000 mg/kg-d for 90 days (USAPHC (Provisional),
2010).

The results of the repeated dose toxicity portion of this study were generally in agreement with the
previously reported subacute and subchronic studies. Dosages of NTO up to and including 500
mg/kg-d did not induce compound-related pre-term mortality and relevant clinical signs of toxicity
were mainly limited to bright yellow-colored urine in the two highest dose groups. No differences
between NTO-treated and control animals were observed for body mass, body mass change, food
consumption, hematology, clinical chemistry, or prathrombin time.

NTO-induced toxicity was, once again, limited to the male reproductive organs following subacute
(14- or 28-day) exposure. These test article-related lesions were characterized by severe testicular
seminiferous tubule degeneration and moderate to severe hypospermia with cribiform change of
the epididymides in 10/10 male 500 mg/kg-d rats. This spermatogenic disruption can be caused by
a direct effect on the seminiferous epithelium, affecting either the Sertoli cell or any one of the germ
cell populations, or may be a secondary response to altered hormone levels, altered vascular
supply, or altered fluid balance within the testis or epididymis (Lanning et. al, 2002). Recent work
has also shown that NTO does not appear to act directly as an anti-androgenic endocrine
disrupting chemical (USAPHC, 2013). Since germ cells are entirely dependent on the coordinated
functioning of all other cell types and processes within the testis, prolonged dosing with any
testicular toxicant will typically result in germ cell degeneration or loss. In addition, each population
of germ cells has its own sensitivity to different chemical toxicants. In repeated-dose studies of 4-
13 weeks in duration using high dose levels, most testicular toxicants will produce a progressive
germ cell loss (maturation depletion) resulting in tubules containing only Sertoli cells. Although also
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sensitive to chemical damage, Sertoli and Leydig cells are extremely resistant to cell death and
typically respond with biochemical disturbances. Both in this study as well as the previously-
performed subchronic oral study with NTO, it was this germ cell maturation depletion that acted as
a marker of injury but also reduced the specificity of the pattern of spermatogenic depletion. Since
the pattern of disturbance is typically only seen during the early development of the lesion, it would
be necessary to conduct a time course study to identify the earliest pathological changes (Creasy,
1997).

Following a 4-week recovery period, microscopic evaluation of the testes of the satellite 500
mg/kg-d male rats revealed that they had not completely recovered. Although all spermatogonia
and spermatocytes were present through all of the stages, maturing spermatids were only variably
present. Cauda epididymal sperm counts in the recovery 500 mg/kg-d males recovered slightly to
28.6% of recovery control counts, compared to 6.8% for the 500 mg/kg-d main study males, but no
motile sperm were detected. It is possible that the 4-week duration of the recovery period may
have prevented a more complete recovery in these animals. It has been reported that recovery
studies should be timed as multiples of the spermatogenic process (8 weeks for rats) to allow for
any reversible injury to the spermatogonia to work its way through maturation depletion and allow
full recovery of all cell layers. In addition, there is often a lag period before all the cells reach full
production capacity so it is possible that recovery may take even longer than 1 full period. In
theory, if spermatogonia are still present then the lesion is potentially reversible but if the Sertoli
cells are functionally compromised, spermatogenesis may not be supportable. Conversely,
spermatogonia may be significantly depleted, but if the Sertoli cells are functionally intact and
sufficient time is allowed for stem cell renewal and repopulation, substantial recovery may be seen
(Creasy, 1997 and Lanning et. al., 2002). The lack of a defined mechanism for germ cell loss in
this study as well as the length of the recovery period prevented a prediction of recovery from NTO-
induced testicular injury.

The design of this study was based closely on the procedures outlined in OECD Health Effects Test
Guideline 422 for a combined repeated-dose toxicity test with the reproduction/developmental
screening test (OECD, 1996). These procedures included a 2-week pre-mating/dosing period prior
to pair-housing for mating. The results of this study did not show any reduction in the number of
females becoming pregnant between NTO-treated and control animals. Based upon the
microscopic evaluation of the 500 mg/kg-d males tissues, revealing severe tubular
degeneration/atrophy, and the sperm analysis, indicating a severe reduction in sperm count and no
motile sperm, very few of the 500 mg/kg-d female rats should have become pregnant during the
mating period. Although it is speculation at this point, the results observed were most likely a
function of the pre-mating period duration. Had the pre-mating period been extended to a 6-8 week
duration, the male gonadal regression observed would likely have progressed enough to result in
male infertility at 500 mg/kg-d. Even though the spermatogenic cycle repeats approximately every
12.9 days in the Sprague-Dawley rat, the complete process of spermatogenesis requires
approximately 56 days or 4.5 cycles (Creasy, 1997). The elongating spermatids shed during a
previously unaffected spermatogenic cycle likely allowed for fertility to be observed in the male 500
mg/kg-d animals. None of the other reproductive/litter parameters evaluated for NTO-treated
animals during this study exhibited differences compared to control animals or historical averages.
By guideline, monitoring for developmental effects on the offspring only occurred on the day of birth
(day 0) and the day of scheduled euthanasia (day 4) and was limited to a gross external
examination. Both pre- and post-natal loss was highest in the corn oil control group compared to
NTO-treated animals. Several litters throughout most of the dose groups, including controls, had to
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be humanely euthanized due to total neglect/abandonment by the dam. All of the pups euthanized
pre-term were included as post-natal deaths and only one dam in the 125 ma/kg-d group exhibited
gross and microscopic findings upon necropsy that may have contributed to the abandonment. It is
undetermined if treatment with NTO contributed to the dam’s overall compromised and ill state. No
gross abnormalities or abnormal behavior was observed in any of the pups at either observation
time.

9 Conclusions

Daily oral exposure to male and female rats at dosages of 31.25, 125, and 500 mg/kg-d NTO in
corn oil for four weeks did not induce compound-related pre-term mortality. Clinical signs of toxicity
were mainly limited to bright yellow-colored urine at higher dosages with no changes in body mass,
bedy mass gain, and food consumption compared to controls observed throughout the study
period.

Treatment with NTO resulted in reductions in testes and epididymides mass and mass ratios in
male rats given 500 mg/kg-d. Microscopic evaluation of these tissues revealed severe
degeneration/atrophy of the testicular seminiferous tubules along with moderate to severe
hypospermia and cribiform change of the epididymides. Sperm counts were reduced in the high
dose group (500 mg/kg-d) with no motile sperm observed. Complete recovery was not evident in
the high dose satellite group following a 4-week recovery period. Reductions in sperm counts with
no motile sperm were also observed in the male satellite group. In female rats, differences
between NTO treated and control animals were observed for brain and spleen, and uterus mass
and mass ratios. Absolute brain mass was reduced in the 31.25 mg/kg-d dose group relative to
controls. Spleen mass and spleen to body mass ratios were reduced in the 31.25 and 500 mg/kg-d
dose groups relative to controls. No treatment-related microscopic findings were observed in
female rats.

Under the stated study conditions, oral dosages of up to and including 500 mg/kg-d NTO did not
appear to affect reproduction or development in Sprague-Dawley rats. Based upon the gross and
microscopic findings in male rats following 4 weeks of treatment, as well as the results of the cauda
epididymal sperm analysis, infertility would have likely been observed in the high dose males with
an extended pre-mating dosing period. Gross external examinations of the offspring on the day of
birth and on day 4 postpartum did not indicate that NTO presents a developmental hazard.
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10 Point of Contact

Questions pertaining to this report should be referred to Lee C.B. Crouse at DSN 584-3980,
commercial 410-436-3980, or by e-mail: usarmy.apg.medcom-phc.mbx.tox-info@mail.mil.
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APPENDIX B

QUALITY ASSURANCE STATEMENT

For: Toxicology Study No. 85-XC-0FP4-12, Protocol No. 0FP4-93-12-03-03,
“Repeated-Dose and Reproductive/Developmental Toxicity of NTO in the Rat, April —
July 20127, the following critical phases were audited by the Quality Systems Office:

PRE IN-LIFE PHASE OF THE STUDY

Critical Phase Inspected/Audited

Date Inspected
/Audited

Date Reported to
Management/SD

Study Protocol Good Laboratory Practice
Standards and Animal Care Review

01/19/2012

01/19/2012

IN-LIFE PHASE OF THE STUDY

Date Inspected

Date Reported

Critical Phase Inspected/Audited /Audited to
Management/SD

Test System - Husbandry, Body Weights and 05/18/2012 05/31/2012
Food Consumption,
Test System - Identification and Observations 05/18/2012 05/31/2012
Administration Procedures of the Test 05/18/2012 05/31/2012
Substance by Oral Gavage Dose
Compliance with Study Protocol Madification 05/24/2012 05/31/2012
Study Personnel Training Records 05/29/2012 06/08/2012
Co-Housing Period - Procedures, 05/31/2012 06/07/2012
Observations and Raw Data Documentation
Co-Housing Period - Special Husbandry 05/31/2012 06/07/2012
Procedures
Male Rats - Study Endpoint, Anesthesia, 06/05/2012 06/13/2012
Euthanasia, Necropsy and Tissue Collection
Procedures
Sperm Extrusion and Viability and Motility 06/05/2012 06/13/2012
Analysis Procedures
Analytical Chemistry Support - Dosing 06/12/2012 06/18/2012
Solution Concentration Verification
Raw Data Documentation Procedures 07/02/2012 07/06/2012
Study Final Animal In-Life Endpoint Criteria 07/02/2012 07/06/2012

POST IN-LIFE PHASE OF THE STUDY

Critical Phase Inspected/Audited

Date Inspected
/Audited

Date Reported to
Management/SD

Pathology Contributing Scientist Report
Review

07/09/2013

07/09/2013
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APPENDIX B
QUALITY ASSURANCE STATEMENT
For: Toxicology Study No. 85-XC-0FP4-12, Protocol No. 0FP4-93-12-03-03,
“Repeated-Dose and Reproductive/Developmental Toxicity of NTO in the Rat, April —
July 2012”, the following critical phases were audited by the Quality Systems Office:

POST IN-LIFE PHASE OF THE STUDY (Continued)

Critical Phase Inspected/Audited Date Inspected Date Reported to
[Audited Management/SD

Final Study Report Review 10/17/2013 10/18/2013

Study Raw Data Review 10/17/2013 10/18/2013

Note 1 All findings were made known to the Study Director and the Program Manager at the time of the
audit/inspection. If there were no findings during the inspection, the inspection was reported to
Management and the Study Director on the date shown in the table.

Note 2 In addition to the study specific critical phase inspections listed here, general facility and process
based inspection not specifically related to this study are done monthly or annually in accordance with QA
Standard Operating Procedure.

Note 3 This report has been audited by the Quality Assurance Unit (QSQ), and is considered to be an
accurate account of the data generated and of the procedures followed

Wzﬁ/ 4 _‘_/é/w—— 21 maned Do/

Michael P. Kefauver Date
Quality Assurance Specialist, QSO
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Appendix C
Archives and Study Personnel

1. ARCHIVES.

a. Allraw data, documentation, records, protocol, and a copy of the final report generated as a result
of this study will be archived in room 1026, Building E-2100, USAPHC, for a minimum of five (5) years
following submission of the final report to the Sponsor.

b. Records on animal receipt, diet, and facility environmental parameters will be archived by the
Veterinary Medical Division, Toxicology Portfolio, for a minimum of five (5) years following submission of
the final report to the Sponsor.

c. Some ancillary records pertaining to this study, such as instrument maintenance logs, animal
room observation logs, etc., will not be archived until those logbooks have been completed. Once
complete they will be archived in room 1026, Building E-2100, USAPHC.

d. Wettissues, histology slides, and paraffin blocks are stored in building E-5158.

2. PERSONNEL.
a. Management
(1) Management (In-Life): COL Chris E. Hanson, Portfolio Director, Toxicology; Glenn J. Leach,
Ph.D., Program Manager, Toxicity Evaluation Program (TEP); Dr. Mark S. Johnson, Ph.D., Program
Manager, Health Effects Research Program (HERP).

(2) Management (Report): Mark S. Johnson, Portfolio Director, Toxicology; Arthur J. O’Neill,
Program Manager, TEP; Dr. Michael Quinn, Ph.D., Program Manager, HERP.

b. Study Director: Lee C.B. Crouse, Biologist, TEP.

c. Quality Assurance: Michael P. Kefauver, Quality Assurance Specialist, Quality Systems Office.

d. Veterinary Support and Animal Care: Dawn C. Fitzhugh, DVM, LTC, VC; Robert Sunderland,
Animal Health Technician; Rebecca Kilby, Animal Health Technician; Jason Williams, Animal Health
Technician.

e. Pathology Lab Coordinator: Patricia A. Beall, Biologist, TEP.

f. Histopathology: Shannon M. Wallace, DVM, DACVP, LTC, VC, Pathologist, VMD.

g. In-Life Support: Emily May Lent, Toxicologist, TEP.

h. Hematology, Clinical Chemistry, Urinalysis: Matthew A. Bazar, Biologist, TEP; Mark R. Way,
Biologist, TEP.

i. Archivist.: Martha L. Thompson, Data Acquisition Specialist, TEP.
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Table D-1
Protocol No. 0FP4-93-12-03-03
Repeated-Dose and Reproductive/Developmental
Toxicity of NTO in the Rat

Individual Daily Observations

Male Rats
Group Animal ID Observation First Day* Last Day*
Observed Observed
Corn Oil 12-0163 None
Control 12-0205 Barbering left front limb 25 28
12-0206 None
12-0207 Animal crumbling food on bottom of cage; Suspect food consumption 6 6

12-0235 None
12-0254 None
12-0263 None
12-0267 Chromodacryorrhea right eye 22 22
12-0284 None
12-0313 None

31.25 mg/kg 12-0164 None
12-0165 Small sore on right side of mouth 5 6
Dosing material on chin 17 17

12-0225 None

12-0234 None

12-0243 None

12-0245 None

12-0255 Barbering both front limbs 13 28

12-0262 None

12-0324 Dried red material around nose 16 21

12-0351 Found dead 18 18
125 mglkg 12-0187 None

12-0204 Dosing material on chin 2 2

12-0223 Dosing material on chin 0 27

12-0224 None
12-0253 None

12-0275 Dosing material on chin; Likely aspirated 1 1
Barbering both front limbs 6 28
12-0293 Barbering both front limbs 8 28
12-0296 Dosing material on chin 1 1
12-0345 None
12-0354 Bright yellow stained bedding 0 0
500 mg/kg 12-0177 None
12-0183 None
12-0203 None
12-0209 None
12-0236 Dosing material on chin 1 9
Congested breathing 15 15
12-0256 Dosing material on chin 8 10
Slight congested breathing 14 14
12-0297 None
12-0314 Dosing material on chin 20 20
12-0322 Dosing material on chin 1 1
Dried red material around nose 21 22
Small cut below right nostril 21 22
Barbering both front limbs 25 28

12-0341 None

* = Signs may be observed intermittently between first and last day.
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Table D-2
Protocol No. 0FP4-83-12-03-03
Repeated-Dose and Reproductive/Developmental
Toxicity of NTO In the Rat

Individual Daily Observations

Female Rats
Group Animal ID Observation First Day* Last Day*
Observed Observed
Corn Qil 12-0211 Barbering both front limbs 35 44
Control 12-0220 None
12-0222 None
12-0260 Barbering both front limbs 31 42
12-0289 Animal inadvertently given 1.15 ml of 6.25 mg/ml NTO suspension 4 4
12-0298° Small scab behind left ear 41 42
12-0306 Barbering both front limbs 22 42
12-0309 None
12-0317° Chromodacryorrhea right eye 19 23
Chromodacryorrhea both eyes 24 24
12-0339 Barbering right front limb 43 44
31.25 mgikg 12-0168 Dosing malerial on chin 5 33
12-0170 None
12-0201° Dosing material on chin ] 16
12-0221 Dried red material around nose and on both front limbs and head 49 49
Dried red material around urogenital area 50 50
12-0240 Barbering both front limbs 30 42
12-0299" Barbering both front limbs 35 45
12-0300 Dosing material on chin 22 22
12-0346 None
12-0367 Dried red material around nose 7 a7
12-0369 None
125 mglkg 12-0169 Dosing material on chin 1 5
Barbering both front limbs 27 45
Blood and bright yellow staining of urogenital area 40 41
12-0210 Dosing material on chin 5
12-0212 None
12-0227 Blood still visible in vaginal area on postpartum day 1 39 38
12-0257 Barbering right front limb 18 18
Barbering both front limbs 19 44
12-0259 Animal inadvertently given 1.03 mi of 100 mg/ml NTO suspension 9 9
Barbering both front limbs 23 45
Blood and bright yellow staining of urogenital area 41 141
Rough haircoat 44 45

12-0261 None

12-0278 Dosing material on chin 2 2
12-0281 Sores on right below ear and on left dorsal cervical area 6 45
Bloed and bright yellow staining of urogenital area 41 42
12-0327 Barbering both front limbs 27 45
500 mglkg 12-0166 None
12-0167 None
12-0171" Bright yellow stained bedding 0 0
Kicked during dosing causing blood around mouth T 7
Congested breathing 7 10
Dosing material on chin 12 41
12-0198 None
12-0229" Dosing material on chin 0 0
12-0258 Dosing material on chin 1 1
Barbering both front limbs 29 34
Dried red material around nose and on both front limbs 36 36
Blood and bright yellow urine staining of urogenital area 37 38
Soft stool 38 38
12-0279 Barbering right front limb 24 28
Barbering both front limbs 29 42
Congested breathing 30 36
Blood and bright yellow urine staining of urogenital area 37 37
12-0308° None
12-0336 Dosing material on chin 0 0
Congested breathing 10 28
Barbering both front limbs 39 42
12-0348 Bright yellow stained bedding 0 0

a= Sperm plug was found but female was not pregnant.

b= No sperm plug found and was not pregnant,

c= No sperm plug found but female was pregnant.

* = Signs may be observed intermittently between first and last day
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Table D-3
Protocol No. 0FP4-93-12-03-03
Repeated-Dose and Reproductive/Developmental
Toxicity of NTO in the Rat

Individual Daily Observations
Recovery Male Rats

Group Animal ID Observation First Day* Last Day*
Observed Observed
Corn Oil 12-0174 Small abrasion with scab on right dorsal cervical region 14 15
Control Small area of hair loss on right dorsal cervical region 16 17

12-0179 None
12-0194 None
12-0208 None
12-0272 None
12-0284 None

12-0304 Chromodacryorrhea right eye 16 16
Barbering left front limb 19 21
Barbering both front limbs 22 36
12-0323 Dried red material around left eye 50 57

12-0332 None
12-0365 None

500 mg/kg 12-0176 Bright yellow-stained bedding 0 0
12-0186 None

12-0215 Scab behind left ear 29 57

Abrasions behind both ears 36 43

Abrasion behind left ear 50 50

12-0244 None
12-0283 None

12-0295 Bright yellow-stained bedding 0 0
Dosing material on chin 22 22

12-0302 None

12-0310 Dosing material on chin 0 0
Barbering both front limbs 36 57

12-0333 None

12-0363 Bright yellow-stained bedding 0 0

* = Signs may be observed intermittently between first and last day.
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Appendix E

Individual and Summary of Body Mass Data
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Table E-1
Protocol No. 0FP4-93-12-03-03
Repeated-Dose and Reproductive/Developmental
Toxicity of NTO in the Rat

Individual Body Mass (grams)
Male Rats

Group AnimallD Day0 Day 7 Day 14 Day 21 Day 27* Day 28**

12-0163 337 397 448 468 499 486
Corn Oil 12-0205 327 379 422 451 489 464
Control 12-0206 304 363 415 453 492 473
12-0207 320 379 432 470 512 483
12-0235 378 446 507 544 581 572
12-0254 323 377 425 461 492 483
12-0263 333 391 441 476 517 507
12-0267 361 424 478 521 558 540
12-0284 364 419 481 511 541 515
12-0313 349 402 458 484 517 500
Mean 339.6  397.7 _ 450.7  483.9  519.8 502.3
SD 2298 2555 29,99 31.26  31.02 33.01
12-0164 314 369 418 444 465 452
31.25mglkg 12-0165 324 378 425 462 501 488
12-0225 332 395 447 472 505 493
12-0234 318 365 400 430 458 440
12-0243 326 375 418 424 455 441
12-0245 341 387 440 472 504 477
12-0255 312 352 391 420 437 425
12-0262 363 431 487 527 576 557
12-0324 364 432 482 508 552 526
12-0351 372 438 493 ) ) 0
Mean 336.6 3922 4401 262.1 494.8 477.7
SD 2230 3094  36.55 37.24  46.45 43.54
12-0187 352 408 455 493 533 517
125 mglkg  12-0204 335 376 417 457 496 478
12-0223 342 400 451 481 521 500
12-0224 356 412 436 470 513 488
12-0253 300 349 391 419 446 426
12-0275 348 392 435 463 488 472
12-0293 336 394 440 467 484 473
12-0296 320 367 407 427 457 447
12-0345 326 375 418 436 467 444
12-0354 367 416 459 484 514 494
Mean 338.2  388.9 4309  459.7 4919 473.9
SD 18.44  20.55 21.03 2370  27.40 26.60
12-0177 353 421 483 525 566 553
500 mg/kg ~ 12-0189 369 409 456 480 524 505
12-0203 321 373 423 450 488 465
12-0209 344 398 460 494 537 513
12-0236 350 413 449 494 536 508
12-0256 320 362 378 395 430 411
12-0297 364 430 455 493 531 515
12-0314 380 418 454 469 503 486
12-0322 300 339 380 377 394 382
12-0341 348 380 412 447 476 448
Mean 3449 3943 4350  462.4 4985 476.6
SD 2469  29.60 3539 4647 5313 52.37

* Pre-fasted final body weights.
** Fasted final body weights
(f) = Animal died on study.
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Group

Corn Qil
Control

31.25 mgl/kg

125 mg/kg

500 mg/kg

Table E-2

Protocol No. 0FP4-93-12-03-03

Repeated-Dose and Reproductive/Developmental
Toxicity of NTO in the Rat

Pre-Pregnancy Individual Body Mass (grams)

Female Rats
AnimaliID Day0 Day 7 Day 14 Day 21 Day 28 Day 34 Day 41
12-0211 224 245 264
12-0220 223 243 263
12-0222 216 222 251
12-0260 218 215 233
12-0289 194 215 233
12-0298° 199 214 230
12-0306 204 222 237
12-0309 230 235 248
12-0317° 238 253 264 315 336 331 342
12-0339 195 208 224
Mean 2141 227.2 2447 315.0 336.0 331.0 342.0
sD 15.34 15.59 15.30
12-0168 226 250 264
12-0170 217 241 264
12-0201° 228 238 272 295
12-0221 227 242 260 280
12-0240 200 225 237
12-0299° 230 255 272
12-0300 222 230 252
12-0346 200 210 229
12-0367 202 228 247
12-0369 215 238 252
Mean 216.7 2357 254.9 287.5
SD 12.03 13.00 14.33 10.61
12-0169 213 231 244
12-0210 224 240 247
12-0212 213 228 245
12-0227 222 244 265
12-0257 204 202 215
12-0259 207 224 241
12-0261 212 215 228
12-0278 238 246 258
12-0291 212 236 235
12-0327 223 241 261
Mean 216.8 230.8 243.9
sD 9.50 13.23 14.57
12-0166 21 228 245
12-0167 220 239 245 267
12-0171° 228 230 247
12-0198 211 237 260
12-0229° 201 206 224
12-0258 216 214 228
12-0279 221 220 239
12-0308° 228 249 255 300
12-0336 180 193 180
12-0348 227 230 242
Mean 214.4 2246 237.5 283.5
SD 14.98 16.68 19.91 23.33

a= Sperm plug was found but female was not pregnant.

b= No sperm plug found and was not pregnant.

c= No sperm plug found but female was pregnant.
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Table E-3
Protocol No. 0FP4-93-12-03-03
Repeated-Dose and Reproductive/Developmental
Toxicity of NTO in the Rat

Gestational and Postpartum Individual Body Mass (grams)
Female Rats

Gestational Days | Postpartum Days |
Group AnimalID Day0 Day 7 Day 14 Day 20 Day 0 Day 4

12-0211 265 306 348 410 365 356
Corn Oil 12-0220 272 317 365 442 313 333
Control 12-0222 256 300 345 424 335 341

12-0260 242 289 344 415 275 ND
12-0289 231 290 330 410 290 304
12-0298"
12-0306 242 282 325 399 283 270
12-0309 251 295 338 413 295 313
12-0317"
12-0339 231 269 308 383 246 267
Mean 248.8 293.5 337.9 412.0 300.3 312.0
sD 15.04 14.73 17.10 17.20 36.98 34.33
12-0168 268 320 367 440 329 ND
31.25mg/kg  12-0170 266 322 375 480 334 342
12-0201° 328 335
12-0221 293 344 389 453 305 343
12-0240 243 279 323 385 314 ND
12-0299°
12-0300 256 288 318 387 292 319
12-0346 224 257 296 363 265 296
12-0367 254 294 330 397 292 283
12-0369 262 303 341 421 297 311
Mean 258.3 300.9 342.4 415.8 306.2 318.4
sD 20.02 27.50 31.89 39.71 22.40 23.27
12-0169 255 309 354 427 266 315
125 mg/kg 12-0210 262 313 352 407 363 364
12-0212 250 297 341 412 323 325
12-0227 272 322 368 435 335 335
12-0257 232 280 319 393 284 311
12-0259 250 302 340 405 273 243
12-0261 245 295 346 421 303 336
12-0278 272 333 388 493 379 370
12-0291 252 285 334 400 273 294
12-0327 263 303 340 408 319 313
Mean 255.3 303.9 348.2 420.1 311.8 320.6
sD 11.74 15.31 18.08 27.08 37.16 34.20
12-0166 263 304 299 383 316 321
500 mgl/kg 12-0167 270 310 345 417 320 343
12-0171°
12-0198 264 315 353 439 326 351
12-0229°
12-0258 230 287 336 399 277 312
12-0279 248 287 338 372 264 274
12-0308° 336 352
12-0336 192 236 282 350 255 ND
12-0348 236 277 329 419 322 320
Mean 2433 288.0 326.0 397.0 302.0 324.7
sD 27.12 26.76 25.85 30.77 31.46 27.51

a= Sperm plug was found but female was not pregnant.
b= No sperm plug found and was not pregnant.

c= No sperm plug found but female was pregnant.

ND = No data
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Table E-4
Protocol No. 0FP4-93-12-03-03
Repeated-Dose and Reproductive/Developmental
Toxicity of NTO In the Rat

Individual Body Mass (grams)
Recovery Male Rats

Dosing Period | Recovery Period |
Group Animal ID Day0 Day 7 Day 14 Day 21 Day 28 Day 35 Day42 Day49 Day55* Day56*

12-0174 329 386 446 499 546 579 600 620 635 618

Corn Oil 12-0179 343 418 472 530 582 610 623 655 673 653
Control 12-0194 385 439 482 536 595 627 640 670 685 663
12-0208 319 381 434 474 525 546 572 593 610 585

12-0272 355 414 465 508 552 567 584 613 635 617

12-0294 339 393 452 487 529 550 575 603 611 588

12-0304 367 423 474 512 555 571 602 625 642 625

12-0323 304 361 410 454 493 526 556 585 592 572

12-0332 288 329 366 396 431 446 462 482 500 482

12-0365 347 400 450 480 502 528 559 567 580 558

Mean 337.6 394.4 445.1 487.6 531.0 555.0 577.3 601.3 616.3 5971
SD 28.95 32.36 34.96 40.89 47.45 50.27 48.66 52.07 52.49 52.25

12-0176 an 426 477 517 562 588 602 621 632 611

500 mg/kg 12-0186 357 428 476 518 556 568 595 616 621 599
12-0215 349 407 461 513 552 570 581 618 636 614

12-0244 310 359 405 439 469 493 502 518 524 510

12-0283 290 333 371 402 439 460 486 508 523 510

12-0295 335 393 443 484 513 536 572 600 619 602

12-0302 379 426 482 525 564 603 636 666 684 664

12-0310 357 400 450 484 528 566 598 617 644 621

12-0333 298 342 380 422 462 473 505 529 554 528

12-0363 334 393 430 465 501 527 548 561 582 561
Mean 338.0 390.7 437.5 476.9 514.6 538.4 562.5 585.6 601.9 582.0
SD 30.42 34.88 40.28 43.74 45.62 49,32 50.27 52.91 53.98 52.20

* Pre-fasted final body weights.
** Fasted final body weights
(f) = Animal died on study.
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Table E-5
Protocol No. 0FP4-93-12-03-03
Repeated-Dose and Reproductive/Developmental
Toxicity of NTO in the Rat

Summary of Body Mass (grams)

Male Rats
Corn Qil NTO in Corn Qil
Period Control 31.25 mg/kg 125 mg/kg 500 mg/kg
Day 0 Mean 339.6 336.6 338.2 344.9
S.D. 22.98 22.30 18.44 24.69
N 10 10 10 10
Day 7 Mean 397.7 392.2 388.9 394.3
S.D. 25.55 30.94 20.55 29.60
N 10 10 10 10
Day 14 |Mean 450.7 440.1 430.9 435.0
S.D. 29.99 36.55 21.03 35.39
N 10 10 10 10
Day 21 Mean 483.9 462.1 459.7 462.4
S.D. 31.26 37.24 23.70 46.47
N 10 9 10 10
Day 27* |Mean 519.8 494.8 491.9 498.5
S.D. 31.02 46.45 27.40 53.13
N 10 9 10 10
Day 28** |Mean 502.3 477.7 473.9 478.6
S.D. 33.01 43.54 26.60 52.37
N 10 9 10 10

* Pre-fasted final body weights.
** Fasted final body weights
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Table E-6
Protocol No. 0FP4-93-12-03-03
Repeated-Dose and Reproductive/Developmental
Toxicity of NTO in the Rat

Summary of Pre-Pregnancy Body Mass (grams)

Female Rats
Corn Qil NTO in Corn Qil
Period Control 31.25 mg/kg 125 mg/kg 500 mg/kg
Day 0 Mean 214.1 216.7 216.8 214.4
S.D. 15.34 12.03 9.5 14,98
N 10 10 10 10
Day 7 Mean 227.2 2357 230.8 2246
S.D. 15.59 13 13.23 16.68
N 10 10 10 10
Day 14 Mean 2447 254.9 243.9 2375
S.D. 15.30 14.33 14.57 19.91
N 10 10 10 10
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Table E-7
Protocol No. 0FP4-93-12-03-03
Repeated-Dose and Reproductive/Developmental
Toxicity of NTO in the Rat

Summary of Gestational and Postpartum Body Mass (grams)
Female Rats

Corn Qil NTO in Corn Qil

Period Control 31.25 mgﬂ; 125 mLkg 500 mg/kg

Gestational Days

Day 0 Mean 248.8 258.3 255.3 2433
S.D. 15.04 20.02 11.74 2712
N 8 8 10 7

Day 7 Mean 203.5 300.9 303.9 288.0
S.D. 14.73 27.50 15.31 26.76
N 8 8 10 7

Day 14 Mean 337.9 342.4 348.2 326.0
S.D. 17.10 31.89 18.08 25.85
N 8 8 10 7

Day 20 Mean 412.0 415.8 420.1 397.0
S.D. 17.20 39.71 27.08 30.77
N 8 8 10 7

Postpartum Days

Day 0 Mean 300.3 306.2 311.8 302.0
S.D. 36.98 22.40 37.16 31.46
N 8 9 10 8

Day 4 Mean 312.0 318.4 320.6 3247
S.D. 34.33 23.27 34.20 27.51
N 7 7 10 7
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Table E-8

Protocol No. 0FP4-93-12-03-03
Repeated-Dose and Reproductive/Developmental
Toxicity of NTO in the Rat

Summary of Body Mass (grams)

Recovery Male Rats

Corn Oil NTO in Corn Oil
Period Control 500 mg/kg
Day 0 Mean 337.6 338.0
S.D. 28.95 30.42
N 10 10
Day 7 Mean 394.4 390.7
S.D. 32.36 34.88
N 10 10
Day 14 |[Mean 4451 437.5
S.D. 34.96 40.28
N 10 10
Day 21 Mean 487.6 476.9
S.D. 40.89 43.74
N 10 10
Day 28 |Mean 531.0 514.6
S.D. 47 .45 45.62
N 10 10
Day 35 Mean 555.0 538.4
S.D. 50.27 48.32
N 10 10
Day 42 Mean 577.3 562.5
S.D. 48.66 50.27
N 10 10
Day 49 Mean 601.3 585.6
S.D. 52.07 52.91
N 10 10
Day 55* |Mean 616.3 601.9
S.D. 52.49 53.88
N 10 10
Day 56** |Mean 597.1 582.0
S.D. 52.25 52.20
N 10 10

* = Unfasted final body weight.
* = Fasted final body weight.
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Appendix F

Individual and Summary of Body Mass Gain Data
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Table F-1
Protocol No. 0FP4-93-12-03-03
Repeated-Dose and Reproductive/Developmental
Toxicity of NTO in the Rat

Individual Body Mass Gains (grams)
Male Rats

Group Animal ID Days 0-7 Days 7-14 Days 14-21 Days 21-27

Control 12-0163 60 51 20 31
12-0205 52 43 29 38
12-0206 59 52 38 39
12-0207 59 53 38 42
12-0235 68 61 37 37
12-0254 54 48 36 31
12-0263 58 50 35 41
12-0267 63 54 43 37
12-0284 55 62 30 30
12-0313 53 56 26 33
Mean 58.1 53.0 33.2 35.9
S.D. 4.91 5.72 6.84 4.36

31.25mglkg  12-0164 55 49 26 21
12-0165 54 47 37 39
12-0225 63 52 25 33
12-0234 47 35 30 28
12-0243 49 43 6 31
12-0245 46 53 32 32
12-0255 40 39 29 17
12-0262 68 56 40 49
12-0324 68 50 26 44
12-0351 66 55 ) (f)
Mean 55.6 47.9 27.9 32.7
S.D. 10.15 6.95 9.66 10.26

125mglkg  12-0187 56 47 38 40
12-0204 41 41 40 39
12-0223 58 51 30 40
12-0224 56 24 34 43
12-0253 49 42 28 27
12-0275 44 43 28 25
12-0293 58 46 27 17
12-0296 47 40 20 30
12-0345 49 43 18 31
12-0354 49 43 25 30
Mean 50.7 42.0 28.8 32.2
S.D. 6.00 7.10 7.08 8.20

500 mglkg ~ 12-0177 68 62 42 41
12-0189 40 47 24 44
12-0203 52 50 27 38
12-0209 54 62 34 43
12-0236 63 36 45 42
12-0256 42 16 17 35
12-0297 66 25 38 38
12-0314 38 36 15 34
12-0322 39 41 -3 17
12-0341 32 32 