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TOXICOLOGICAL STUDY NO. 85-XC-0FP3-12
PROTOCOL NO. 0FP3-95-12-02-01

PUBERTAL DEVELOPMENT AND THYROID FUNCTION IN INTACT
JUVENILE RATS EXPOSED TO 3-NITRO-1,2,4-TRIAXOL-5-ONE (NTO)

FEBRUARY‒JUNE 2012 

1 Summary

1.1 Purpose

The primary objective of this study was to assess the endocrine disrupting potential of 3-nitro-1,2,4-
triazol-5-one (NTO) through the use of two screening assays. The purpose of these assays was to
determine whether NTO has the potential to interact with the endocrine system in vivo by identifying
effects on pubertal development and thyroid function in the intact juvenile rat. These assays can
detect anti-thyroid, estrogenic, anti-estrogenic, androgenic, and anti-androgenic activity as well as
agents acting via gonadotropins, prolactin, or hypothalamic function.

1.2 Conclusions

NTO was administered to male (0, 250, and 500 milligrams per kilogram per day (mg/kg-day)) and
female (0, 500, and 1000 mg/kg-day) Sprague-Dawley rats (15/sex/group) via oral gavage from
weaning through puberty. Animals were examined daily for onset of puberty. Estrous cyclicity was
evaluated daily upon completion of vaginal opening (VO). Detailed gross necropsy was conducted;
weights were recorded for reproductive tissues, accessory reproductive tissues, thyroid, pituitary,
adrenals, liver, and kidneys. Trunk blood was collected and clinical chemistry and hormone assays
(testosterone, thyroxine (T4), thyroid-stimulating hormone (TSH)) conducted. Final body weight
and weight gain of females in the 1000 mg/kg-day group were reduced (7% and 10%, respectively)
compared to the control. Body weight of male rats was unaffected by NTO treatment. Food
consumption did not differ among treated and control groups at any time for males or females. Age
at VO and body weight at VO, as well as all measures of estrous cyclicity (age at first estrus, cycle
length, percent cycling, percent cycling regularly) were not affected by treatment with NTO at 500
and 1000 mg/kg-day. Age at preputial separation (PPS) and body weight at PPS did not differ
between NTO treated rats and the control group. Testis mass was reduced by 30% and 65%
compared to control in the 250 and 500 mg/kg-day groups, respectively. The reduction in testis
mass was associated with tubular degeneration/atrophy. Less pronounced reductions in the mass
of androgen-dependent accessory reproductive tissues, including epididymides, seminal vesicles,
and dorsolateral prostate were also observed in the 500 mg/kg-day group; however, these
reductions were only significant for the epididymides. NTO did not significantly affect clinical
chemistry parameters in female rats. In male rats total bilirubin (TBIL) was reduced in the 500
mg/kg-day dose group. There were no differences in hormone levels between NTO treatment
groups and the control groups for males or females. Thyroid follicle and colloid scores did not differ
between NTO treated and control groups. These findings suggest that NTO is not acting as an
estrogen or thyroid active compound under the test conditions. The observed testicular toxicity and
the effects on the androgen-dependent reproductive tissues may indicate effects on
steroidogenesis and/or direct testicular toxicity.

2 References

See Appendix A for a listing of references.
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3 Authority

Military Interdepartmental Purchase Request (MIPR) number 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 (AERTA) (DA 2007a; b;
2003, 2008; DOD 1996; 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 Environmental Acquisition Logistics &
Sustainment Program and EQT Pollution Prevention.

4 Background

NTO (3-nitro-1,2,4-triazol-5-one) is a member of a new generation of insensitive munitions (IM)
being developed to replace conventional explosives (e.g., 2,4,6-trinitrotoluene (TNT), research
department explosive (RDX), and octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX)) which are
susceptible to unintentional initiation (Mathieu and Stucki 2004; Smith and Cliff 1999; Spear, Louey,
and Wolfson 1989). NTO, a white crystalline compound produced by nitration of 1,2,4-triazol-5-
one, was first synthesized in 1905. Testing of the IM properties of NTO dates to the mid-1980s
(Lee and Coburn 1985). Characterized as much less sensitive than RDX and TNT with limited
reduction in performance in initial tests, NTO has undergone evaluation for use in varied IM-
formulations (Lee and Coburn 1985; Smith and Cliff 1999; Spear, Louey, and Wolfson 1989).
Although the chemical, physical and explosive properties of NTO have been extensively tested,
only limited toxicological testing has been conducted.

Toxicity testing of conventional explosives has often focused on determining effects in personnel
working with explosives and development of safe worker levels. Occupationally relevant toxicity of
nitroaromatic explosives (e.g., TNT, dinitrotoluenes (DNTs)) typically includes methemoglobinemia,
liver and spleen damage, cataracts, and/or skin irritation (Cenas et al. 2001; Kalderis et al. 2011).
Similar testing of NTO demonstrated that NTO causes mild skin irritation, but not eye irritation or
dermal sensitization (London and Smith 1985). Subacute and subchronic oral studies in rats
demonstrated limited hematological effects (slight anemia) and liver hyperplasia only at the highest
doses tested, 1000 mg/kg-day of NTO. The most pronounced effects of NTO following subchronic
oral exposure were testicular and epididymal toxicity and hypospermia, occurring at doses as low
as 315 mg/kg-day (Crouse et al. 2010).

The toxicity of nitro compounds (e.g., nitro-aromatic and nitro-heterocyclic) is typically attributed to
metabolic intermediates produced through nitroreduction and, to a lesser extent, denitrification
(LeCampion et al. 1997). In vitro metabolism studies using rat liver microsomes indicate that NTO
is metabolized to 5-amino-1,2,4-triazol-3-one (ATO) via nitroreduction and 5-hydroxy-triazolone
(urazole) via denitrification (LeCampion et al. 1997). In vitro enzymatic reactivity was much lower
for NTO than for TNT, resulting in lower bioreductive activation of NTO (Sarlauskas et al. 2004).
The low toxicity of NTO (LD50>5 grams per kilogram (g/kg)) (London and Smith 1985) has been
ascribed to the limited production of reactive metabolic intermediates and weak electron accepting
potency of NTO (Sarlauskas et al. 2004). ATO was found at very low concentrations and urazole
was not detected in urine samples collected from primates orally exposed to NTO. The authors
suggest that the high concentration of NTO in these samples may have contributed to ex vivo ATO
formation. NTO is quickly filtered into the urine and is unlikely to undergo significant metabolism in
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the liver (Hoyt et al. 2013). Low production of NTO reactive intermediates may similarly indicate a
low potential for reactivity with proteins and DNA and low genotoxicity and carcinogenicity risk.
This theory was supported in a battery of genotoxicity tests in which NTO was not mutagenic in the
Ames Salmonella test (TA98, TA100, TA1535, and TA1537), with and without metabolic activation
(S9), or in Escherichia coli (WP2uvrA), did not induce chromosomal aberrations in Chinese
Hamster Ovary (CHO) cells (CHO-W-B1), and was negative in the L5178YTK

+/-
mouse lymphoma

test (Reddy et al. 2011). NTO was also non-genotoxic in the in vivo rat peripheral blood
micronucleus assay at doses up to 2000 mg/kg-day for 14 days (Reddy et al. 2011).

Detection of explosive compounds and their degradation products in soil and groundwater near
ammunition plants raises issues of potential effects on surrounding populations (Kalderis et al.
2011). For example, TNT in groundwater in Germany has been linked to increased incidences of
leukemia in local populations (Cenas et al. 2001). Similar links between NTO contamination and
effects in local populations have not been established. Although NTO has demonstrated limited
toxicity in previously conducted testing, testicular toxicity reported at the lowest doses tested raises
concern about potential reproductive and endocrine disrupting effects. In the present study, we
therefore conducted several Tier 1 U.S. Environmental Protection Agency (EPA) Endocrine
Disruptor Screening Program tests to assess the in vivo endocrine disrupting potential of NTO.

The following table identifies the date of critical study events.

Table 1. Critical Study Events

Critical Event Date of Event

Animal Use Protocol Approved 02/07/2012

Timed-Pregnant Females Received 02/29/2012

Delivery Period (Post Natal Day (PND) 0) 03/13/2012 – 03/14/2012

PND3 Litter Size Standardization 03/16/2012 - 03/17/2012

PND21 Pups Selected for Study and
Assigned to Experimental Groups

04/03/2012

Experimental Start 04/04/2012

Female Sexual Maturation Evaluation (PND
22 – Vaginal Opening)

04/04/2012 – 04/23/2012

Estrous Cyclicity Evaluation (Vaginal
Opening – PND 42/43)

04/14/2012 – 04/25/2012

Male Sexual Maturation Evaluation (PND 30
– Preputial Separation)

04/12/2012 – 04/30/2012

Female Necropsies (PND 42/43) 04/24/2012 – 04/25/2012

Male Necropsies (PND 53/54) 05/05/2012 – 05/06/2012

Thyroid Hormone Assays 06/06/2012 – 06/11/2012

Experimental Completion 06/11/2012

Study Completion 02/14/2014
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5 Materials and Methods

5.1 Test Substance

Neat NTO (CAS # 932-64-9; lot 11L375-061; purity: 99.4%) was produced by BAE Systems,
Ordnance Systems, 4509 West Stone Drive, Kingsport, TN 37660. Dosing solutions/suspensions
were prepared by weighing the required amount of NTO and a measured volume of corn oil (lot
Feb072013D). NTO was then wetted with a small amount of the measured volume of corn oil,
ground using a mortar and pestle to a fine consistency, and mixed with the remaining measured
volume of corn oil. Three dosing solutions/suspensions, 50, 100, and 200 milligrams per milliliter
(mg/ml), were prepared at the start of the study in sufficient volume for use throughout the study. A
one milliliter sample was taken from each dosing solution/suspension and analyzed by Army
Institute of Public Health (AIPH) Laboratory Sciences Portfolio via high performance liquid
chromatography 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 (200 mg/ml) suspension. Samples were collected
from a representative suspension (6 mg/ml) at weekly intervals prior to the study to determine the
stability of the dosing suspensions. Results from the stability test indicated that the test compound
was stable for at least six weeks when stored at room temperature. The dosing
solutions/suspensions were mixed on a stir plate for approximately one hour prior to taking
analytical samples, prior to dosing, and continued to be mixed throughout the dosing procedure.

5.2 Animals*

This study was conducted using F1 generation male and female Sprague Dawley (Crl:CD(SD)
CD

®
) rats delivered at the testing facility. Twenty-two P generation timed-pregnant dams were

obtained from Charles River Laboratories, Wilmington, Massachusetts on gestation day (GD) nine.
Dams were not considered part of the test system. All animals were housed in temperature-,
relative humidity-, and light-controlled rooms. The target conditions of the rooms were 68-79 F
and 30-70 percent humidity. An automatically controlled 14:10-hour light/dark cycle was
maintained, with the dark period beginning at 1900 hours. Temperature was out of range on one
day for approximately two hours, resulting in a temperature range of 61-79 F. Relative humidity
was out of range on several occasions, with a range of 24-77 percent humidity. A certified
pesticide-free rodent chow with genistein plus daidzein content of less than 300 micrograms per
gram (µg/g) (Harlan Teklad

®
, 2020XC Certified Rodent Diet) was available ad libitum. Deionized

water was provided ad libitum in glass water bottles with silicone stoppers. P generation dams
were individually housed. After weaning, the F1 generation rats were housed in same sex groups
of two or three by dosage group. All rats were housed in suspended polycarbonate cages with
ALPHA-dri

®
bedding. Each P generation rat and weaned F1 generation rat was uniquely identified

by number via cage card and tail marking. Pups were not individually identified during the
postpartum nursing period. (CD

®
is a registered trademark of Charles River Laboratories

International, Inc.; Teklad
®

is a registered trademark of Harlan, Teklad; ALPHA-dri
®

is a registered
trademark with Shepard Specialty Papers.)

* Animal use procedures were approved by the United States Army Public Health Command (USAPHC)
Institutional Animal Care and Use Committee. Animal care and use was conducted in accordance with
The Guide for the Care and Use of Laboratory Animals and all applicable Federal and DOD regulations.
The USAPHC Animal Care and Use Program is fully accredited by the Association for Assessment and
Accreditation of Laboratory Animal Care International.
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Litters were weighed and pups were counted and sexed on post natal day (PND) zero or one.
Litters with more than 10 pups were standardized by culling on PND 3 to 10 pups per litter. One
litter was abandoned by the dam and was euthanized. Two dams had fewer than 10 pups and
were excluded from use on the study. Litters were weighed weekly until PND 21.

5.3 Contract Studies

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

5.4 Quality Assurance

The AIPH Quality Systems Office audited critical study phases. Appendix B provides the dates of
these audits, the phases audited and the dates that the results of the inspections were reported to
the Study Director (SD) and Management.

5.5 Study Personnel

Appendix C lists the names of individuals contributing to the study performance.

5.6 Test Group Assignment

Forty-five female and forty-five male Sprague Dawley (Crl:CD(SD) CD
®
) rats were used for this

study. At the start of test substance administration, females were at PND 22 and weighed 53.8 ±
4.05 grams (g), while males were at PND 23 and weighed 60.5 ± 4.09 g. On PND 21, fifteen rats
were assigned to each of two NTO treatment groups and a vehicle control group (corn oil control).
Assignment to test groups was accomplished using a stratified random procedure, with animals
stratified according to body mass and litter of origin. Littermates were not assigned to the same
treatment group. Body mass did not differ among test groups prior to initiation of dosing. Animals
were divided into two time-separated necropsy groups, with animals from each test group
approximately evenly distributed across necropsy groups.

5.7 Dose Selection and Test Substance Administration

Dosage levels were selected based on the pattern of effects observed in the 14- and 90-day oral
toxicity studies (Crouse et al. 2010). Limited abnormal clinical chemistry was observed in the 14-
day study at doses at or above 1000 mg/kg-day. Testes weights and weight ratios were
significantly reduced compared to controls in male rats administered 500 mg/kg-day NTO and
above in the 14-day study. Histopathology was not performed on any tissues from the 14-day
study. No effects on body weight were observed in the 90-day study and effects on blood
parameters were limited to slight anemia and reduced albumin and protein in males at or above
1000 mg/kg-day. The 90-day study on NTO revealed significant reductions in testes and
epididymides weights and sperm counts at dosages of 315 mg/kg-day and above. Histopathology
performed on the 90-day tissues revealed significant incidences of testicular hypoplasia at dosages
of 315 mg/kg-day and above as well as insignificant, less severe, testicular hypoplasia at dosages
of 100 mg/kg-day and below. The only effect noted for females was hepatocellular hypertrophy at
doses at or above 1000 mg/kg-day. Based on these results, it was determined that the maximum
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tolerated dose (MTD) differed between males and females and, thus, the doses selected for this
study differed between the sexes. A MTD of 1000 mg/kg-day was selected for females based on
the very limited effects at this dose and the lack of effects observed below this dose in either the
14- or 90-day study. The low dose for females was calculated as ½ the MTD, or 500 mg/kg-day. A
MTD of 500 mg/kg-day was selected for the males based on the presence of abnormal clinical
chemistry/hematology and liver histopathology at 1000 mg/kg-day. The pattern of changes in
reproductive tissue weights and histopathology was used in selecting the dose; however, the MTD
was not selected to be below doses causing reproductive effects as doing so would likely ensure a
negative outcome for the assay. The low dose for males was calculated as ½ the MTD, or 250
mg/kg-day.

All NTO doses and the control were administered based on body mass and volume of
solution/suspension at a rate of 5 milliliter per kilogram (ml/kg). Dosages were adjusted daily for
changes in body mass. The NTO solution/suspensions and corn oil control were administered
between 0700 and 0900 daily from PND 22 through PND 42/43 for females and from PND 23
through PND 53/54 for males. Oral dosing was performed using a stainless steel 18 gauge x 1-2
inch gavage needle with a 2.25 millimeter (mm) ball tip; needle length was selected based on rat
size.

5.8 Observations, Body Mass, Food Consumption

Litters were evaluated for viability daily. Pups were sexed and counted and litter body mass was
recorded on PNDs 0/1, 3, 7, 14 and 21.

During the dosing period, observations for mortality and signs of toxic effects were made at least
twice daily, once in the morning and once in the afternoon, except on weekends when observations
occurred only in the morning. Additionally, each animal was removed from its cage daily and given
a clinical examination. Examinations included evaluation of skin and fur, eyes and mucous
membranes. Respiratory and circulatory effects, autonomic effects such as salivation, central
nervous system effects, including tremors and convulsions, changes in the level of activity, gait and
posture, reactivity to handling or sensory stimuli, altered strength, and stereotypes or bizarre
behavior (e.g., self-mutilation and walking backwards) were recorded. Clinical examinations were
made concurrently with dosing.

Animals were weighed daily during the dosing period. Feed was provided ad libitum seven days
per week in weighed feeder bins. Feeders were reweighed at least weekly and the mass of the
empty feeder was subtracted from the mass of the full feeder to determine the grams of food
consumed for each group of animals. Per rat feed consumption was calculated as total feed
consumed per cage divided by the number of rats per cage. Although this does not reflect
individual feed consumption, differences in the number of rats per cage necessitated standardizing
feed consumption data per rat rather than per cage.

5.9 Sexual Maturation Evaluation – Vaginal Opening (VO) and Estrous
Cyclicity

Beginning on PND 22, females were examined at approximately the same time each day after daily
dosing for VO. Females were examined for the appearance of a small “pin hole,” a vaginal thread,
or complete VO. The PND and body mass at initiation of VO and completion of VO were recorded.
Beginning on the day of complete VO through the day of necropsy, vaginal smears were obtained
daily to evaluate estrous cyclicity. Vaginal smears were collected via vaginal lavage (Marcondes,
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Bianchi, and Tanno 2002; OECD 2009). Using a pipette with a disposable tip, a small amount
(approximately 0.1 ml) of sterile saline was repeatedly (approximately 2-3 times) flushed in and out
of the vagina until the fluid appeared cloudy. The cell suspension was then placed in a labeled
microcentrifuge tube and stored at 4±2 ºC, if slides were not made immediately. Several drops of
the cell suspension were then expelled onto a labeled glass slide and covered with a cover slip.
Slides were evaluated within 6 hours of collection to obviate fixing and staining and were discarded
after evaluation.

Slides were examined under low-power (10-20X) using a light microscope for the presence of
leukocytes, nucleated epithelial cells, or cornified epithelial cells (Marcondes, Bianchi, and Tanno
2002; OECD 2009; USEPA 2009). The vaginal smears were classified as diestrus (predominance
of leukocytes mixed with some cornified epithelial cells), proestrus (predominance of clumps of
round, nucleated epithelial cells), or estrus (predominance of cornified epithelial cells). The estrous
stage was determined daily after VO and the age at first vaginal estrus noted.

5.10 Sexual Maturation Evaluation – Preputial Separation (PPS)

Beginning on PND 30, males were examined at approximately the same time each day after daily
dosing for PPS. The PPS was determined by attempting to manually retract the prepuce using
gentle pressure (Korenbrot, Huhtaniemi, and Weiner 1977). The appearance of partial and
complete PPS, or a persistent thread of tissue between the glans and prepuce, was recorded on
the days they were observed. The PND and body mass at initiation and completion of PPS were
recorded.

5.11 Necropsy

Post-weaning, P generation dams were euthanized via carbon dioxide (CO2) and were not further
evaluated. Pups culled from litters on PND 3 were sacrificed using CO2 followed by decapitation
and were not further evaluated. Pups not selected for study on PND 21 were transferred to another
approved protocol.

On the day of necropsy, rats were removed one at a time from the dosing room to a separate room
for euthanasia to minimize stress-related responses in other animals which may affect hormone
measurements. On PND 42/43, female rats were given an intramuscular injection of ketamine (70-
80 mg/kg) in combination with xylazine (7-10 mg/kg) immediately prior to decapitation. On PND
53/54, male rats were anesthetized by exposure to CO2 for no more than sixty seconds and
immediately euthanized by decapitation. Upon decapitation, blood from the trunk of the animals
was collected immediately into serum separation tubes. Blood was allowed to clot at room
temperature for 30 to 40 minutes, was centrifuged for approximately 10 minutes at 2,325 x g.
Serum was removed and immediately analyzed for clinical chemistry parameters, testosterone, and
total thyroxine (T4). Aliquots (100 microliters (µl)) were also placed in siliconized tubes and stored
at approximately -35 °C for subsequent (TSH) assays. Rats were euthanized beginning two hours
after dosing and blood collection was completed by 1300 hours to minimize the effects of diurnal
fluctuations in thyroid hormone levels. Necropsy order was evenly distributed across treatment
groups.

A full, detailed gross necropsy including a careful examination of the external surface of the body,
all orifices, and the cranial, thoracic and abdominal cavities and their contents was performed on all
experimental animals following euthanasia. At necropsy, the ovaries (without oviducts; with and
without fluid), uterus, testes, epididymides, ventral prostate, dorsolateral prostate, seminal vesicle
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(with coagulating glands, with and without fluid), levator ani plus bulbocavernosus muscles (LABC),
thyroid (with attached portion of trachea), liver, kidneys, pituitary, and adrenals were removed and
weighed (except the thyroid/trachea, which was preserved prior to weighing). Kidneys, adrenals
and ovaries were weighed as pairs. The left and right testes and the left and right epididymides
were weighed individually. Small tissues such as the adrenals and pituitary, as well as tissues that
contain fluid, were placed in a weigh-boat and covered with a moist paper towel to prevent tissues
from drying out prior to weighing. Any observed lesions were removed for processing. Sections of
the intestines were collected based on observations of pale intestines at necropsy. The vagina was
collected for confirmation of estrus stage at time of necropsy.

The kidneys, ovaries, uterus, thyroid (with attached trachea), and vagina were placed in 10%
buffered formalin for at least 24 hours for fixation. The thyroid (with parathyroids) was then
dissected from the trachea, blotted and weighed to the nearest 0.01 mg. The left testis and
epididymis from each animal was placed in Davidson’s fixative overnight (no longer than 24 hours).
After fixation, all tissues were rinsed and stored in 70% ethanol until embedded in paraffin.

5.12 Histopathology

Tissues were selectively trimmed and placed in cassettes labeled with protocol number, animal
identification number, and laboratory assigned accession number. Cassettes were placed in
labeled bottles and transported to the USAMRICD for processing. Tissues were routinely
processed and paraffin embedded. All processed and embedded tissues were microtomed at 5
micrometers (µm) thick and stained routinely with hematoxylin and eosin.

The pathologist examined slides for compound-induced histopathologic changes via light
microscopy. The prevalence and severity of findings were graded as compared to controls.
Control animals were examined for background findings and all findings were recorded. Findings,
in all animals and groups, were assigned as none, minimal, mild, moderate, or severe. Testis,
epididymis, uterus, thyroid, one ovary, and one kidney were evaluated for pathologic abnormalities
and potential treatment-related effects for all treated and control animals. The estrus stage at time
of necropsy was determined in the uterus, ovary, and vagina.

The thyroid gland was paraffin embedded and a minimum of two sections per lobe, 5 µm apart,
were placed per slide. Thyroid sections were subjectively evaluated for follicular cell height and
colloid area using a five point grading scale (1 = shortest/smallest; 5 = tallest/largest) and any
abnormalities/lesions were noted. A minimum of two sections of each of the two lobes of the
thyroid were evaluated, and a representative thyroid score was determined for each animal based
on the evaluation of all serial sections.

Ovaries were evaluated for follicular development (including presence/absence of tertiary/antral
follicles, presence/absence of corpora lutea, changes in corpus luteum development, and changes
in number of both primary and atretic follicles) in addition to any abnormalities/lesions such as
ovarian atrophy. Five random sections were evaluated using the method of Smith et al. (Smith et
al. 1991). The ovary was paraffin embedded and 5 sections, 5 µm apart, were placed on each
slide. Five slides per ovary were generated and one section per slide was selected at random for
evaluation. Follicles were counted and recorded per examined ovary section as primordial,
growing, antral or atretic using the method of Smith et al. (Smith et al. 1991) and as referenced by
Pedersen et al. (Pedersen and Peters 1968).
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Uterine hyper- or hypotrophy as characterized by changes in uterine horn diameter and myometrial,
stromal, or endometrial gland development was documented. Estrus stage at time of death was
determined through histologic evaluation of the vagina, uterus, and ovary (Westwood 2008).

For each testis and epididymis evaluated, two step sections, 5 µm apart, were mounted per slide.
The testis was examined for lesions including atrophy and tumors as well as treatment related
effects including retained spermatids, missing germ cell layers or types, multinucleated giant cells,
or sloughing of spermatogenic cells into the lumen. A longitudinal section of the intact epididymis,
to include the caput, corpus, and cauda, was examined in order to identify such lesions as sperm
granulomas, leukocytic infiltration (inflammation), aberrant cell types within the lumen, or the
absence of clear cells in the cauda epididymal epithelium (Foley 2001; Creasy 2001).

5.13 Clinical Chemistry

Clinical chemistry parameters evaluated included the following: alkaline phosphatase (ALKP),
alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN),
cholesterol (CHOL), creatinine (CREA), glucose (non-fasting) (GLU), total bilirubin (TBIL), total
protein (TP), sodium (Na), potassium (K), and chloride (Cl). Results were determined using the
Idexx VetTest

®
8008 Chemistry Analyzer and the VetLyte

®
Electrolyte Analyzer on all serum

samples. (VetTest
®

and VetLyte
®

are registered trademarks of IDEXX Laboratories, Inc.).

5.14 Hormone Assays

Total thyroxine and testosterone were determined using the TOSOH
®

Bioscience AIA
®
-360

Automated Enzyme Immunoassay System. (TOSOH
®

and AIA
®

are registered trademarks of
Tosoh Corporation).

Analysis of TSH was conducted using a commercially available rat TSH Enzyme linked
Immunosorbant Assay kit purchased from ALPCO

™
Immunoassays. Assays were conducted

according to the manufacturer’s instructions as follows. Assay materials were equilibrated to room
temperature prior to use in the assay.  Twenty-five μl of standard (Lot 001), blank (Lot 002) or 
sample was added, in duplicate, to the appropriate wells of the 96-well plate (Lot 008) pre-coated
with TSH monoclonal antibodies.  Two hundred μl of enzyme-labeled anti-rat TSH-antibody (Lot 
002) was then added to all wells, the plate covered with the adhesive strip, and the plate incubated
for 18-20 hours at 4±2 °C. The plate contents were discarded and the plate was washed four times
with 300 μl of diluted wash solution (Lot 027).  Tetra-Methyl-Benzidine substrate solution (Lot 011) 
(200 μl) was added to each well and the plate incubated in the dark for 30±1 minutes at room 
temperature.  Stop solution (Lot 014) (50 μl) was added to each well, the plate gently mixed to 
ensure completion of color change, and the plate read within 15 minutes. The optical density of
each well was determined at 450 nanometers (nm) and 630 nm using a Biotek

®
Synergy HT Multi-

Mode microplate reader with Gen5
™

data analysis software. Mean absorbance for each sample
was calculated after adjustment for the absorbance at 630 nm. The TSH values were calculated
from the calibration curve for each assay using ReaderFit

©
software. The external quality control

standard (Rat Control 2 Lot 001) was within 106% of the reference point. The intra-and inter-assay
coefficients of variation were 8.2% and 9.3%, respectively. (ALPCO

™
is a registered trademark of

ALPCO Diagnostics, BioTek
®

and Gen5
™

are registered trademarks of BioTek Instruments, Inc.,
and ReaderFit is copyrighted by Hitachi Solutions America, Ltd.)
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5.15 Data Collection and Statistical Analyses

Experimental data generated during the course of this study were recorded by hand and tabulated,
summarized, and/or statistically analyzed using Microsoft

®
Excel and SPSS

®
16.0. Environmental

data were automatically recorded using MetaSys
®

Building Management System. (Microsoft
®

is a
registered trademark of Microsoft

®
Corporation, SPSS

®
is a registered trademark of IBM Corp., and

MetaSys® is a registered trademark of Johnson Controls).

The overall estrous cyclicity pattern of each female was characterized as regularly cycling (having
recurring 4- to 5-day cycles), irregularly cycling (having cycles with a period of diestrus longer than
3 days or a period of estrus longer than 2 days), or not cycling (having prolonged periods of either
estrus or diestrus). The default assumption was that animals were cycling regularly if the partial
data fit the definition, and irregularly cycling if not enough data were available to distinguish
between irregularly cycling and not-cycling. Cycle length was calculated as number of days from
one diestrus to the next diestrus. Mean cycle length for each animal was calculated first, and the
mean of these means was then calculated to represent the group.

All data, except histology and estrous cyclicity evaluations, were analyzed using a two-way
Analysis of Variance (ANOVA) with Block (necropsy day) and Experimental Group as main effects.
Age and body weight at VO, and all organ weights were also analyzed by Analysis of Covariance
(ANCOVA) using the body weight at PND 21 as the covariate. Uterus weight was analyzed by
ANOVA, including estrus stage at necropsy as a blocking factor. Thyroid scores and ovarian
follicular development data were analyzed using separate Multivariate Analyses of Variance
(MANOVAs). When statistically significant effects were observed (p < 0.05), appropriate post hoc
tests were used to compare dose groups to the control group [e.g., Tukey’s multiple comparison
test or Sidak (for ANCOVA)]. Data were evaluated for homogeneity of variance by Levene’s test.
There were no cases requiring the data to be transformed or analyzed using nonparametric tests.
Organ weights were also analyzed for linear trend with dose level. Chi-square analysis was used
to determine significant differences between the cycling status (cycling vs. not cycling) and percent
of animals cycling regularly between treated and control groups.

6 Results

6.1 Analytical Chemistry

The analytical chemistry results are summarized in Table 2. All results were within the 70-130%
recovery limits for the analysis. As such, all results were reported using the nominal
concentrations. Stability and homogeneity analyses indicated that storage and mixing conditions
were acceptable.
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Table 2. Analytical Results

Nominal Concentration
milligrams per milliliter (mg/ml)

Analytical
Concentration (mg/ml)

% of
Nominal

% of
Initial

% CV

purity 100%

stability week 1 6.3 105 100

stability week 2 6.1 102 97

stability week 3 6.0 100 95

stability week 4 6.3 105 100

stability week 5 6.3 105 100

stability week 6 6.3 105 100

200 top (homogeneity) 160 80 3.5

200 middle (homogeneity) 170 85

200 bottom (homogeneity) 160 80

200 160 80

100 88 88

50 43 86

6.2 Clinical Observations and Mortality

Bright yellow urine was observed in the cages of all rats in the 250, 500, and 1000 mg/kg-d dose
groups throughout the treatment period. Congested breathing was observed in one male rat in
each of the 250 and 500 mg/kg-day and one female rat in the 1000 mg/kg-day groups. Dried red
perinasal material was observed in one male rat treated with 500 mg/kg-day NTO.
Chromodacryorrhea was observed in one female rat in each of the 500 and 1000 mg/kg-day NTO
groups. Nine male and three female rats were observed with abrasions, scabs, and/or hair loss in
the dorsal cervical or neck region. These observations were not considered treatment related as
they occurred in all dose groups (males: three control, one low dose, four intermediate dose;
females: one control, one intermediate dose, one high dose). All rats survived until scheduled
euthanasia (see Appendix D).

6.3 Body Mass and Food Consumption

The initial mean body mass of the corn oil control rats was 59.9 and 53.7 g for males and females,
respectively (coefficient of variation of 6.9% and 6.2%). In male rats treated with NTO, initial body
mass was 60.5 and 61.0 g and increased to 318.8 and 317.2 g in the 250 and 500 mg/kg-day
groups, respectively. There were no statistical differences in body mass between treated and
control males at any time during the study. In female rats treated with NTO, initial body mass was
53.0 and 54.6 g and increased to 168.1 and 162.1 g in the 500 and 1000 mg/kg-day groups,
respectively. Body mass of female rats was significantly reduced (p=0.012) on PND 33 in the 1000
mg/kg-day group. Final body mass and body mass gain were significantly reduced in the 1000
mg/kg-day NTO group relative to the control group (7% and 10%, respectively) when analyzed by
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the ANCOVA (p=0.031 and p=0.022, respectively) using body mass on PND 21 as the covariate.
There were no statistical differences in body mass for females treated with 500 mg/kg-day NTO
(see Appendices E and F).

Food consumption did not differ significantly between treated and control groups at any time during
the study for male or female rats (see Appendix G).

6.4 Sexual Maturation Evaluation – Female

6.4.1 Vaginal Opening (VO)

Age of VO for the female rats was 34.1, 35.1, and 35.1 days in the corn oil control, 500, and 100
mg/kg-day NTO groups, respectively. Body mass at time of VO for female rats was 125.0, 129.2,
and 123.7 g in the corn oil control, 500, and 100 mg/kg-day NTO groups, respectively. There were
no statistical differences in age and body mass at time of VO between the control group and the
NTO treated groups. Age and body mass at time of VO were unaffected by treatment with NTO at
500 and 1000 mg/kg-day. The linear trend analysis did not demonstrate a linear relationship
between dose and age of VO or body weight at time of VO (see Appendix H).

6.4.2 Estrous Cyclicity

The mean age at first vaginal estrus for the female rats was 36.1 days in the corn oil control group
and 36.3 and 36.2 days in the 500 and 1000 mg/kg-day NTO groups, respectively. The mean cycle
length for female rats was 4.4 days in the corn oil control group and 4.2 and 4.6 days in the 500
and 1000 mg/kg-day NTO groups, respectively. All (100%) of the females were cycling in the
control and 1000 mg/kg-day NTO group; 93.3% of the females in the 500 mg/kg-day group were
cycling. In the control and 1000 mg/kg-day NTO groups, 80% of the females were cycling
regularly, while in the 500 mg/kg-day group 86.7% were cycling regularly. There were no statistical
differences in age at first vaginal estrus, cycle length, percent of rats cycling, or percent cycling
regularly between the control group and the NTO treated groups. Estrous cyclicity was unaffected
by treatment with NTO at 500 and 1000 mg/kg-day. The linear trend analysis did not demonstrate
a linear relationship between dose and age at first estrus or cycle length (see Appendix I).

6.5 Sexual Maturation Evaluation – Male

6.5.1 Preputial Separation (PPS)

Age at PPS for the male rats was 43.8, 43.9, and 44.3 days in the corn oil control, 250, and 500
mg/kg-day NTO groups, respectively. Body mass at time of PPS for the male rats was 230.4,
235.3, and 239.4 g in the corn oil control, 250, and 500 mg/kg-day NTO groups, respectively.
There were no statistical differences in age and body mass at time of PPS between the control
group and NTO treated groups. The linear trend analysis did not demonstrate a linear relationship
between dose and age at PPS or body mass at time of preputial separation (see Appendix J).

6.6 Pathology

Both testes were noted to be small in six of 15 males in the 250 mg/kg-day group and 15 of 15
males in the 500 mg/kg-day NTO. The seminal vesicles were noted to be small in one rat in the
control group, two rats in the 250 mg/kg-day group, and one rat in the 500 mg/kg-day group.
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Hydronephrosis was observed in two of 15 males in the 250 mg/kg-day group and in one of 15
males and one of 15 females in the 500 mg/kg-day NTO group. Pale kidney(s) was observed in
three control females, three females at 500 mg/kg-day, and two females at 1000 mg/kg-day NTO.
Diffuse red mottling of the lungs was noted in two controls and one male rat treated with 500
mg/kg-day NTO. Pale liver was observed in six females (three control, one 500 mg/kg-day, two
1000 mg/kg-day). Dilated or fluid-filled uterus was noted in eight females (four controls, three 500
mg/kg-day, one 1000 mg/kg-day). Pale small intestines were observed in nine males (four control,
three 250 mg/kg-day, and two 500 mg/kg-day NTO) and 33 females (10 controls, 15 at 500 mg/kg-
day, and 8 at 1000 mg/kg-day). Bedding was found in the stomach of 21 males (nine controls, five
250 mg/kg-day, seven 500 mg/kg-day) and three females (1000 mg/kg-day). No additional gross
lesions were noted at the time of necropsy.

6.7 Organ Mass

6.7.1 Females

The mass of the liver, kidneys (paired), pituitary, adrenals (paired), and thyroid (fixed) were
unaffected by treatment with NTO at 500 and 1000 mg/kg-day. Although not statistically significant,
unadjusted and adjusted ovarian mass were slightly reduced in the 500 (95% and 94%,
respectively) and 1000 mg/kg-day (91% and 90%, respectively) groups compared to the controls.
Uterine mass (wet and blotted) was reduced only in the 1000 mg/kg-day group (85% and 88%,
respectively). The linear trend analysis demonstrated a linear decrease in liver mass with
increasing dose. No other organs demonstrated linear trends with dose (see Appendix K).

6.7.2 Males

Testes mass (left and right) were reduced to 70% and 35% of the control mass in rats treated with
250 and 500 mg/kg-day NTO, respectively, when analyzed by ANOVA (p<0.001 and p<0.001;
p<0.001 and p<0.001, respectively) and by ANCOVA (p<0.001 and p<0.001; p<0.001 and p<0.001,
respectively) using the body weight on PND 21 as the covariate.

Mass of the right epididymis was reduced in rats in the 500 mg/kg-day NTO group to 75% of control
when analyzed by ANOVA (p≤0.001) and by ANCOVA (p≤0.001) using the body weight on PND 21 
as the covariate. Although the mass of the left epididymis was similarly reduced (76%) in the 500
mg/kg-day group, this difference was not statistically significant. Treatment with 250 mg/kg-day
NTO did not affect the mass of the epididymides.

Although not statistically significant, the 250 and 500 mg/kg-day groups demonstrated reduced
mass of seminal vesicles and coagulating gland (88% and 81%, respectively), dorsolateral prostate
(92% and 76%, respectively), and LABC (95% and 89%, respectively) compared to the controls.
Mass of the ventral prostrate was reduced (91%) only in the 500 mg/kg-day group. The mass of
the liver, kidneys (paired), pituitary, adrenals (paired), and thyroid (fixed) were unaffected by
treatment with NTO at 250 and 500 mg/kg-day. The linear trend analysis demonstrated linear
decreases in seminal vesicle (with and without fluid), dorsolateral prostate, LABC, epididymides,
and testes mass with increasing dose. Other organs did not demonstrate linear trends with dose
(see Appendix K).
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6.8 Histopathology

6.8.1 Thyroid

Ultimobranchial cysts were noted in six males (three 250 mg/kg-day and three 500mg/kg-day) and
five females (one control, three 500mg/kg-day, and one 1000 mg/kg-day). No other significant
findings were appreciated. In females, mean follicle height score was 1.9, 2.3, and 2.1 in control,
500, and 1000 mg/kg-day groups, respectively. In males, mean follicle height score was 2.4, 2.3,
and 2.3 in control, 250 and 500 mg/kg-day groups, respectively. Colloid scores were 3.9, 3.5, and
3.6 and 3.5, 3.7, and 3.9 in females and males, respectively, in the control, low and high dose
groups. Neither follicle nor colloid score differed between treated and control groups for males or
females. A follicle score of one and colloid score of five is defined as normal in the scoring scheme
(USEPA 2009, 2009) (see Appendix L).

6.8.2 Male reproductive

Degeneration and atrophy of testicular seminiferous tubules (mild to moderate) was present in 15 of
15 males examined in the 250 mg/kg-d group. In tubules with mild to moderate testicular
degeneration/atrophy, sertoli cells, spermatogonia, preleptotene, leptotene, zygotene and early
pachytene spermatocytes were present and intact. Late pachytene and diplotene spermatocytes
were often degenerative. Round spermatids 1-6 were generally present and intact. Elongating
spermatids 7-10 were degenerative or necrotic while spermatids 11-19 were absent.

Degeneration and atrophy of testicular seminiferous tubules (marked to severe) was present in 15
of 15 males examined in the 500 mg/kg-day group. In tubules with marked to severe
degeneration/atrophy, only Sertoli cells and spermatogonia remained; all other germ cells were
absent. Sertoli cells and spermatogonia were consistently present with most other first layer germ
cells, preleptotene, leptotene, and zygotene spermatocytes. Second layer pachytene
spermatocytes, stages I-VI, were present but disassociated within lumen and often degenerate or
necrotic.

No test article related changes were noted in the testes of the control males.

Severe hypospermia/aspermia was present in the epididymis of 15 of 15 males examined in the
250 mg/kg-d group and 15 of 15 males examined in the 500 mg/kg-d group. Moderate
hypospermia is defined as an absence of mature spermatids in the head and body of the
epididymis with mature spermatids evident in the tail section. Mature spermatids were absent in all
portions of the epididymis in severe hypospermia/aspermia animals. No test article related
changes were noted in the epididymides of the control males.

Epididymal clear cell quantity was evaluated and considered consistent across controls and all
treated groups. There was no absence of clear cells (see Appendix L).

6.8.3 Female reproductive

Histology of vagina, uterus, and ovary at necropsy generally correlated with the final cytological
swab just prior to necropsy. No true uterine hypertrophy or hypotrophy were noted histologically
and all instances of increased or decreased luminal diameter correlated with estrus stage.
Myometrial, stromal, and endometrial gland development appeared normal. All organ reproductive
stages at necropsy correlated with the vaginal cytologic stage at necropsy (see Appendix L).
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6.8.4 Kidney

All renal findings, including basophilic tubules, pelvic dilatation (hydronephrosis), and lymphocytic
interstitial lymphocytic infiltrates occurred at similar rates in control and treated animals and were
considered background or incidental findings unrelated to treatment (see Appendix L).

6.9 Clinical Chemistry

Female rats in the 1000 mg/kg-day NTO dose group had elevated chloride levels compared to the
control group (p=0.018). This difference was not considered biologically significant as the chloride
levels were within normal and historical control ranges (Giknis and Clifford 2006). There were no
statistical differences in ALKP, ALT, AST, BUN, CHOL, CREA, GLU (non-fasting), TBIL, TP, Na,
and K between control and NTO treated groups for female rats and all parameters were within
either normal or historical control ranges.

The AST levels were significantly (p=0.025) elevated in male rats in the 500 mg/kg-day dose group
relative to the control group. The AST levels of both controls and NTO treated groups were above
normal ranges (Giknis and Clifford 2006); however, the values were within the historical control
range for the performing laboratory. The TBIL levels were significantly reduced (p=0.011) in male
rats in the 500 mg/kg-day NTO dose group relative to the control group. The TBIL levels in male
rats in both the 250 and 500 mg/kg-day NTO groups were below both normal and historical control
ranges (Giknis and Clifford 2006). There were no statistical differences in ALKP, ALT, BUN,
CHOL, CREA, GLU (non-fasting), TP, Na, K, and Cl between control and NTO treated male rats
and all parameters were within either normal or historical control ranges (see Appendix M).

6.10 Hormone Analyses

Serum T4 levels were 3.31, 2.93, and 2.97 micrograms per deciliter (µg/dl), and serum TSH levels
were 1.87, 1.77, and 1.56 nanograms per milliliter (ng/ml) in female rats in the corn oil control, 500,
and 1000 mg/kg-day NTO groups, respectively. There were no statistical differences in T4 or TSH
levels between the control group and NTO treatment groups for female rats.

Serum testosterone levels were 2.22, 2.54, and 1.95 ng/ml in male rats in the corn oil control, 250,
and 500 mg/kg-day NTO groups, respectively. Serum T4 levels were 3.91, 4.02, and 4.15 µg/dl,
and serum TSH levels were 2.97, 2.03, and 3.63 ng/ml in male rats in the corn oil control, 250, and
500 mg/kg-day NTO groups, respectively. There were no statistical differences in testosterone, T4,
or TSH levels between the control group and NTO treatment groups for male rats (see Appendix
N).

6.11 Standing Operating Procedure and Protocol Deviations

The following deviations occurred during the study but were not considered to have compromised
the integrity or validity of the study results:

As per the protocol and SOP 004, animal room temperature was to be maintained between 64 and
79 ºF and humidity between 30 and 70%. However, on 3/6/2012 due to a boiler failure, the animal
room temperature dropped to 61 ºF and was out of range for approximately two hours. On
4/5/2012, due to damage to the humidifier system, humidity in the animal room was 24%from
approximately 0600 to 1100 hours.
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As per SOP 90, when the Johnson Controls system alarms after duty hours, the staff duty officer
(SDO) is to notify the Attending Veterinarian (AV) or Animal Health Technicians (AHT) on duty. On
3/6/12 the temperature went out of range and the Johnson Control system alarmed to the SDO;
however, the SDO contacted the contracted maintenance personnel on call instead of the AV or the
AHT on duty.

The estrus stage of the female rats at the time of necropsy was also determined based on
histological assessment of the vagina, ovary, and uterus. This data was collected in addition to the
vaginal lavage data for determining estrus stage and serves to confirm the estrus stage at
necropsy. These data improved the quality of the study.

Thyroids from 21 females were incompletely dissected, resulting in low thyroid masses (outside of
expected range) and notations of missing thyroid (complete and partial). Tissue was re-examined
by a pathologist and thyroid tissue was located for all except one high dose female. Tissues were
re-weighed and the second data point represents the mass of the complete thyroid. Thyroid tissues
for males were similarly re-examined and re-weighed for consistency. Only a representative
follicular cell height and colloid area score was determined for the two sections from each of the
two lobes of the thyroid.

7 Discussion

NTO has been shown to be a testicular and epididymal toxicant in adult rats (Crouse et al. 2010);
however, it was not determined if NTO was acting directly or via an endocrine mediated mode of
action. The main objective of this study was to investigate the potential endocrine disrupting effects
of NTO in male and female rats exposed from weaning through puberty. PPS and VO, markers of
the onset of puberty, are more sensitive markers of estrogenic disruption than fertility or
ovarian/testicular histopathology (Biegel et al. 1998). In males, estrogenic compounds delay
preputial separation, typically by 3 to 5 days. In females, estrogenic compounds accelerate VO and
disrupt estrous cycles, leading to prolonged estrus. Females are generally more sensitive than
males to estrogenic disruption. Estrogens inhibit food consumption and retard growth. In the
current study, pubertal administration of NTO via oral gavage did not alter the age or body mass at
puberty for male or female rats and did not induce changes in any reproductive endpoints in
females (estrus cycling, organ mass). Although the high dose females did exhibit reductions in
body mass, food consumption was not affected. NTO also failed to demonstrate estrogenic activity
in the uterotrophic assay in ovariectomized rats (Quinn et al. 2013). These results provide no
evidence for estrogenic or anti-estrogenic effects of NTO or effects mediated via alterations in
hypothalamic/pituitary function.

In contrast, administration of NTO via oral gavage reduced the mass of androgen-dependent
organs in male rats. Testis mass was reduced at 250 and 500 mg/kg-day. The reduction in testis
mass was associated with tubular degeneration/atrophy. Less pronounced reductions were also
seen in the mass of the epididymis and the accessory sex organs (e.g., seminal vesicles and
dorsolateral prostate) at 500 mg/kg-day NTO. The reductions observed in androgen-dependent
organ masses suggest a reduction in testosterone levels; however, serum testosterone levels were
highly variable and were not obviously affected by NTO treatment. The variability in the
testosterone levels may be attributable to the pulsatility of its release (Steiner et al. 1984). As many
of the reproductive tissues are dependent on locally produced dihydrotestosterone (DHT) (Blohm et
al. 1986; Blystone et al. 2007; George, Johnson, and Wilson 1989), the effects may be due to
impaired ability to convert the available testosterone to DHT. Disturbance of key enzymes involved
in steroidogenesis, including 5-reductase, aromatase, and CYP17, has been identified as a
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common mode of action for azole containing compounds (Blystone et al. 2007; Chapin and
Williams 1989; Goetz et al. 2007; Kjaerstad and Andersen 2007).

Azole fungicides are designed to inhibit CYP51 in yeast and fungi to block biosynthesis of
ergosterol. In humans, CYP51 is important for synthesis of cholesterol, inhibition of which may
broadly inhibit steroid synthesis. Azoles also demonstrate cross-reactivity to various hepatic
metabolic CYP enzymes and steroidogenic CYP enzymes (e.g., CYP17, CYP11β and aromatase) 
and have been shown to inhibit specific steroidogenic pathways. In vitro studies have shown
imidazole fungicides to be potent mixed-type inhibitors of aromatase, androgen receptor
antagonists, and inhibitors of testicular CYP17 (only compounds with aromatic ring side chains)
(Ayub and Levell 1987; Sanderson 2006; Sanderson et al. 2002). Triazoles have been shown to be
less potent competitive inhibitors of aromatase, and weak androgen and estrogen receptor
antagonists (Kjaerstad and Andersen 2007; Sanderson 2006; Sanderson et al. 2002). Unlike the
azole fungicides, NTO has shown no activity in estrogen and androgen receptor binding assays,
estrogen transactivation assays, and has not demonstrated inhibition of in vitro aromatase activity
or testosterone steroidogenesis in BLTK1 or H295R cell lines (Adams 2012). NTO also failed to
demonstrate anti-androgenic effects in vivo in the Hershberger assay using castrated rats (Quinn et
al. 2013). Lack of effects of NTO on serum testosterone and in vitro testosterone steroidogenesis
combined with reduced androgen-dependent tissue masses suggest either disruption of 5-
reductase function, or direct tissue toxicity, or both.

Compounds can act on testis either via direct chemical reactivity and germ-cell toxicity or indirect
toxicity mediated via non-germ cell sites and altered hormonal control of the testis (Working 1989).
Indirect testicular toxicants act on Leydig cells, impacting testosterone production and in turn
androgen dependent tissues and PPS (Noriega et al. 2009). NTO did not impact serum
testosterone, however, ex vivo testicular testosterone production, a more precise measure of the
steroidogenic capacity of the testis as it is not impacted by the variability inherent in the intact
hypothalamic-pituitary-gonadal axis, was not measured in this study. Although androgen-
dependent tissue masses were reduced, PPS was not delayed. Preputial separation, however, is
not a sensitive indicator of endocrine disruption by steroid biosynthesis inhibitors (Marty, Crissman,
and Carney 2001).

Interruption of hormonal regulation of the testis also disrupts spermatogenesis, resulting in the
presence of degenerating pachytene spermatocytes and step 19 spermatids, a morphological
pattern characteristic of androgen deficiency (Chapin and Williams 1989; Russell, Malone, and
Karpas 1981). In the 250 mg/kg-day dose group, the initial set of cells with degenerative changes
was late pachytene spermatocytes. Progressive maturation resulted in loss of subsequent
developmental stages and complete absence of elongating spermatids. In the 500 mg/kg-day
group, there was necrosis or loss of all cells developing past first layer spermatogonia,
preleptotene, leptotene, and zygotene spermatocytes. Identification of pachytene spermatocytes
as the initial stage with injury suggests that the pattern of injury may be in line with that
characteristic of androgen deficiency. However, a time-course study may be useful to determine
stage specific effects or identify a characteristic pattern of injury (Creasy 1997).

Sertoli cells, responsible for the maintenance and support of germ cells, are the target of direct
testicular toxicants (Noriega et al. 2009). Benzimidazole fungicides induce characteristic
vacuolization of Sertoli cells and stage-specific apoptosis of spermatocytes (Okamura et al. 2004;
Hess and Nakai 2000). Benzimidazoles bind to tubulin and inhibit the polymerization of
microtubules (Lacey 1990), disrupting spermatocytic meiosis and spermatogonial mitosis, leading
to apoptosis (Okamura et al. 2004). The benzimidazole carbendazim induces testicular toxicity
through microtubule inhibition mediated sloughing of immature spermatids at low doses and
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seminiferous tubule atrophy secondary to occlusion of efferent ductules at higher doses (Nakai et
al. 1992). Testicular toxicity of carbendazim is ameliorated by the antioxidant and/or anti-
inflammatory properties of vitamin E and linseed oil (Metwally et al. 2011). Although Sertoli cells
were present and intact at both NTO dose levels, direct germ cell toxicity as seen with other azoles
could be responsible for the observed testicular toxicity. Additional studies would be necessary to
determine the mechanism of NTO testicular toxicity.

Azoles that have demonstrated weak in vivo effects on androgen-dependent tissues in young rats
(i.e., prochloraz) similar to the effects of NTO in the present study have feminized male offspring
(i.e., reduced testosterone, nipple retention) and virilized female offspring (i.e., increased ano-
genital distance) exposed in utero (Kjaerstad and Andersen 2007; Vinggaard et al. 2005). The
triazoles tebuconazole and epoxiconazole similarly virilized female offspring after exposure in utero;
however, only tebuconazole feminized male offspring (Taxvig et al. 2007). Epoxiconazole was also
fetotoxic at high doses and increased birth weights and gestational length at lower doses.
Tebuconazole increased progesterone and decreased testosterone concentrations in the testis of
male fetuses whereas epoxiconazole increased serum progesterone and testosterone levels in
dams. NTO did not demonstrate effects on reproductive success or cause developmental effects in
a reproductive screening study (Crouse and Lent 2013). Offspring were sacrificed at PND 4 in the
screening study and endocrine sensitive endpoints such as nipple retention, ano-genital distance,
hormone levels, and onset of puberty were not measured. Exposure of offspring to NTO during
gestation through puberty and examination of endocrine sensitive endpoints may reveal additional
effects of NTO reproductive and endocrine development and function.

Anti-thyroid compounds disrupt function by inhibiting iodide transport into the thyroid (e.g.,
perchlorate and thiocyanate), by inhibiting iodination of tyrosine, by increasing peripheral clearance
(induction of hepatic enzymes), and by inhibiting thyroperoxidase (e.g., sulfamethazine, thiourea,
methimazole and aminotriazole) (Boas et al. 2006). Anti-thyroid compounds typically induce
decreased serum T3/T4 and increase TSH levels. Increased TSH levels result in shrinkage of
thyroid follicle colloid area and increased cell height. If sustained, high TSH levels result in follicular
cell hypertrophy/hyperplasia (Capen 1997; Capen and Martin 1989). Thyroid histopathology is the
most reliable indicator of disruption of thyroid function by exogenous compounds due to the
variability and pulsatility of hormone levels (DeVito et al. 1999). Although follicle cell height was
slightly increased (females: 2.1; males: 2.33; normal: 1.0) and colloid decreased (females: 3.66;
males: 3.7; normal: 5.0) compared to normal (USEPA 2009, 2009), the scores did not differ with
NTO treatment. The increased follicular cell height might suggest sustained, elevated TSH levels
in all rats. This, however, was not the case as TSH, as well as T4, levels were within normal
ranges (Christian and Trenton 2003). Thyroid hormone levels were also unaffected by NTO
treatment. Thus, there were no apparent thyroid-receptor mediated effects of NTO.

8 Conclusions

In the current study, pubertal administration of NTO via oral gavage did not alter the age or body
mass at puberty for male or female rats and did not induce changes in any reproductive endpoints
in females (estrus cycling, organ mass). In contrast, administration of NTO via oral gavage reduced
the mass of testes and accessory organs in male rats. The reduction in testis mass was associated
with histological changes. Serum testosterone levels were highly variable and were not obviously
affected by NTO treatment. Thyroid hormone levels and histopathology did not differ between NTO
treated and control groups. These results provide no evidence for estrogenic, anti-estrogenic, or
anti-thyroid effects of NTO or effects mediated via alterations in hypothalamic/pituitary function.
The effects observed in the male reproductive system suggest that NTO may exhibit endocrine
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Archives and Study Personnel

C-1 Archives

All raw 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. If the report is used to support a
regulatory action, it shall, along with all supporting data, be retained indefinitely.

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.

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.

Wet tissues, histology slides, and paraffin blocks are stored in building E-5158.

C-2 Personnel

Management: Chris E. Hanson, COL, VC, Portfolio Director, Toxicology (succeeded by Mark S.
Johnson, July 2012); Dr. Glenn Leach, Ph.D., Manager, Toxicity Evaluation Program (TEP)
(succeeded by Shannon M. Wallace, LTC, VC, March 2012; succeeded by Arthur J. O’Neill,
January 2013); Dr. Mark S. Johnson, Ph.D., Manager, Health Effects Research Program (HERP)
(succeeded by Michael J. Quinn, January 2013).

Study Director: Dr. Emily May Lent, Ph.D., Toxicologist, Toxicity Evaluation Program (TEP)

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

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

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

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

In-Life Support: Lee C.B. Crouse, Biologist, TEP; Theresa L. Hanna, Biological Technician, TEP.

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

Archivist: Martha L. Thompson, Data Acquisition Specialist, TEP


















































































































































































































