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FORMULATION:

Active Ingredient: Y% weight
ZEOMIC Type AK Silver Zeolite A 5% a.i.

Laboratory: MPI Research, Mattawan, MI
Applicant: Sinanaen Co., Ltd., Tokyo, 105 Japan

Uses: This substance is a preservative and bacteriostatic agent for use in the manufacture of
polymer, plastic and latex products for commerical and industrial use only.

ACTION REQUESTED:

Review A Dietary Two-Generation Reproduction and Fertility Study of Zeomic in Rats to support food
use and drinking water use claims.

RECOMMENDATION:

The studies submitted, as noted in the Executive Summaries below is considered Acceptable by
the reviewer and fulfill the guideline requirements for this type of study. A complete Data
Evaluation Report (DER) is included.

EXECUTIVE SUMMARY: In a two-generation Reproduction and Fertility Effects study (MRID
458279-01), Zeomic Type AK Silver Zeolite A (5% a.i. silver) was administered via diet to male and
female Sprague-Dawley Crl:CD® (SD) IGS BR rats at dose levels of 0, 1000, 6250, or 12,500 ppm (mean
premating phase of the P and F, generation J": 72, 472, 985 mg/kg/day, 2: 87, 548, and 1109
mg/kg/day). Parental males and females were exposed to the test material for 70-75 days prior to mating.
For both generations, treatment continued through the mating period until termination and included
gestation and lactation periods for females.

Parental Effects: Effects on parental mortality were seen at the 6250 and 12,500 ppm dose levels. One P
male and 8 F, animals (7 males and 1 female) died in the 6250 ppm group. In the 12,500 ppm group, 3 P
males died and in the F, 28/30 males and 23/30 females died. Because of this mortality at the
12,500-ppm dose level, this group was terminated at completion of the F, premating growth period;
consequently, 6250 ppm became the high-dose level for F, animals. '

Effects seen were significantly decreased body weights and body weight gains (6250- and 12,500-ppm P
males; F, animals); significantly decreased body weights during gestation (6250- and 12,500-ppm P )
dams) and lactation (6250-ppm F, dams lactation), significantly decreased food consumption (6250- and
12,500-ppm P males; 12,500-ppm F, animals), and significantly decreased food consumption during
lactation (12,500-ppm P dams).

Additional signs of toxicity included hematological changes (increased RBC and platelet counts and
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lowered levels of hemoglobin, hematocrit and other blood parameters) in P animals (6250 and 12,500
ppm), increased cholesterol levels in P animals (6250 and 12,500 ppm), and decreased kidney weights
(6250- and 12,500-ppm P animals; 1000- and 6250-ppm F, animals). Macroscopic and microscopic
findings at 6250 ppm and 12,500 ppm were noted in the kidney

A NOAEL for is 1000 ppm (J": 72, ?: 87 mg/kg/day). The LOAEL is 6250 ppm (J: 472, 2: 548
mg/kg/day) based on decreases in body weight/body weight gain and food consumption, changes in
hematology, clinical chemistry (cholesterol) and kidney histology.

A decrease in the live born index and an increase in the still born index was observed at 12,500 ppm in P
and 6,250 ppm F1 dams. Individual pup weights were decreased at 12,500 ppm on days 0 to 26. Pup
weights were decreased at 6250 ppm on days 14 to 26.

Reproductive Effects: A NOAEL for reproductive toxicity is 1000 ppm (" 72, 2: 87 mg/kg/day).
The LOAEL of 6250 ppm (0™": 472, ?: 548 mg/kg/day) is based on a decrease in the Live Born Index
and and an increase in the Stillborn Index in both the P and F, dams. Individual pup weights
were decreased at 6250 ppm on days 14 to 26 and at 12,500 ppm on days 0 to 26.

Offspring Effects: Offspring effects occurred in the 6250 and 12,500-ppm pups, including decreased
body weights during lactation, macroscopic alterations at weaning (small thymus, enlarged hearts, and
pale kidneys, livers, and lungs), lower organ weight at weaning (brain, spleen, and thymus), and
decreased pup survival during lactation (12,500-ppm F, litters). Significant dose related decreases in
thymus weight (absolute and relative to body and brain weight) were observed at all dose levels in F,
males pups. "

The NOAEL for pup toxicity (both F, /F, generation) was considered to be 1000 ppm (J': 72, 2: 87
mg/kg/day) dose level. The LOAEL for pup toxicity was 6250 ppm (J": J": 472, ?: 548 mg/kg/day)
based on decreases in thymus weight (absolute and relative to body and brain weight).

This reproductive toxicity study in the rat is classified as Acceptable and fulfills the guidelines of a
Reproduction and Fertility Effects Study, OPPTS 870.3800.
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EPA Reviewer: Steven L. Malish, Ph.D., Toxicologist,
Team 1, RASSB/Antimicrobials Division (7510C)
Secondary Reviewer: Jonathan Chen, Ph.D., Toxicologist,
Team 3, RASSB/Antimicrobials Division (7510C)

DATA EVALUATION RECORD

STUDY TYPE: Reproduction and Fertility Effects - Rat; OPPTS 870.3800, [§83-4]

DP BARCODE:D287842 SUBMISSION CODE: S627995
P.C. CODE: 072503 (Silver nitrate) CASE: 064467

TEST MATERIAL (PURITY): Zeomic® Type AK Silver Zeolite A (5% a.i.)

SYNONYMS: AgION™ Silver Antimicrobial

CITATION:  Schroeder, R.E. (2002). A Dietary Two-Generation Reproduction and Fertility Study of
Zeomic in Rats. MPI Research (Mattawan, MI). Laboratory Study No. 892-002.
December 17, 2002. MRID 458279-01. Unpublished.

SPONSOR: Sinanaen Co., Ltd.
4-22, Kaigan 1-Chome, Minato-Ku
Tokyo, 105 Japan

EXECUTIVE SUMMARY: In a two-generation Reproduction and Fertility Effects study (MRID
458279-01), Zeomic Type AK Silver Zeolite A (5% a.i. silver) was administered via diet to male and
female Sprague-Dawley Crl:CD® (SD) IGS BR rats at dose levels of 0, 1000, 6250, or 12,500 ppm (mean
premating phase of the P and F, generation " 72, 472, 985 mg/kg/day, ¢:87, 548, and 1109
mg/kg/day). Parental males and females were exposed to the test material for 70-75 days prior to mating.
For both generations, treatment continued through the mating period until termination and included
gestation and lactation periods for females.

Parental Effects: Effects on parental mortality were seen at the 6250 and 12,500 ppm dose levels. One P
male and 8 F, animals (7 males and 1 female) died in the 6250 ppm group. In the 12,500 ppm group, 3P
males died and in the F, 28/30 males and 23/30 females died. Because of this mortality at the
12,500-ppm dose level, this group was terminated at completion of the F, premating growth period;
consequently, 6250 ppm became the high-dose level for F, animals.

Effects seen were significantly decreased body weights and body weight gains (6250- and 12,500-ppm P
males; F, animals); significantly decreased body weights during gestation (6250- and 12,500-ppm P
dams) and lactation (6250-ppm F, dams lactation), significantly decreased food consumption (6250- and
12,500-ppm P males; 12,500-ppm F, animals), and significantly decreased food consumption during
lactation (12,500-ppm P dams).
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Additional signs of toxicity included hematological changes (increased RBC and platelet counts and
lowered levels of hemoglobin, hematocrit and other blood parameters) in P animals (6250 and 12,500
ppm), increased cholesterol levels in P animals (6250 and 12,500 ppm), and decreased kidney weights
(6250- and 12,500-ppm P animals; 1000- and 6250-ppm F, animals). Macroscopic and microscopic
findings at 6250 ppm and 12,500 ppm were noted in the kidney

A NOAEL for is 1000 ppm (J": 72, 2: 87 mg/kg/day). The LOAEL is 6250 ppm (J: 472, 9: 548
mg/kg/day) based on decreases in body weight/body weight gain and food consumption, changes in
hematology, clinical chemistry (cholesterol) and kidney histology.

A decrease in the live born index and an increase in the still born index was observed at 12,500 ppm in P
and 6,250 ppm F1 dams. Individual pup weights were decreased at 12,500 ppm on days 0 to 26. Pup
weights were decreased at 6250 ppm on days 14 to 26.

Reproductive Effects: A NOAEL for reproductive toxicity is 1000 ppm (" 72, 2: 87 mg/kg/day).
The LOAEL of 6250 ppm (J": 472, ?: 548 mg/kg/day) is based on a decrease in the Live Born Index
and and an increase in the Stillborn Index in both the P and F, dams. Individual pup weights
were decreased at 6250 ppm on days 14 to 26 and at 12,500 ppm on days 0 to 26.

Offspring Effects: Offspring effects occurred in the 6250 and 12,500-ppm pups, including decreased
body weights during lactation, macroscopic alterations at weaning (small thymus, enlarged hearts, and
pale kidneys, livers, and lungs), lower organ weight at weaning (brain, spleen, and thymus), and
decreased pup survival during lactation (12,500-ppm F, litters). Significant dose related decreases in
thymus weight (absolute and relative to body and brain weight) were observed at all dose levels in F,
males pups.

The NOAEL for pup toxicity (both F, /F, generation) was considered to be 1000 ppm (072, %:87
mg/kg/day) dose level. The LOAEL for pup toxicity was 6250 ppm (I I 472, ?: 548 mg/kg/day)
based on decreases in thymus weight (absolute and relative to body and brain weight).

This reproductive toxicity study in the rat is classified as Acceptable and fulfills the guidelines of a
Reproduction and Fertility Effects Study, OPPTS 870.3800.

COMPLIANCE: A signed and dated Compliance Statement is included in the study. The study was
conducted according to U.S. EPA FIFRA Good Laboratory Practice Standards. A Statement of No Data
Confidentiality Claims as well as a Flagging Statement. is also included

I. MATERIALS AND METHODS

A. MATERIALS

»

1. Test Material: Zeomic Type AJ Silver Zeolite A
Description: white powder
Supplier: AgION Technologies, LLC (Wakefield, MA)
Lot #: AKO033M
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CAS #: not provided
Storage conditions: dry, at room temperature
Stability: at least 1 4 days in feed at room temperature.

Vehicle: administered as a dietary admixture

Test Animals: Rat
Strain: Sprague-Dawley Crl:CD® (SD) IGS BR
Source: Charles River Laboratories (Portage, MI)

Age on arrival: 4 weeks
Weight on arrival: 135-172 grams for males; 124-149 grams for females

Age at mating: not provided
Weight at mating: not provided
Housing;: Individually housed, expect during mating, in suspended, stainless steel
cages except near parturition and during lactation. After gestation day (gd) 18
through lactation', females were individually housed in solid, plastic cages.
Acclimation period: ~ 14 days
Diet: Rodent Chow ® #5002 (supplied by PMI Nutrition International, Inc., St.
Louis, MS) available ad libitum except during designated fasting periods.
Water: tap water available ad libitum.
Environmental conditions:

Temperature: 64-76° F

Humidity: 32-88%

Air changes: not provided

Photoperiod: 12 hours dark/12 hours light

B. PROCEDURES AND STUDY DESIGN

L.

In Life Dates
Start: May 29, 2001; End: April 5, 2002

Animal Assignment
Healthy P males and females were randomized into 4 treatment groups (as shown

in Table 1) through a standard (by weight) block randomization procedure.
Offspring from the P animals were designated F,, and following weaning,
treatment groups (totaling 30 animals/sex/group) were formed by selecting a
minimum of 1 pup/sex/litter. When less than 30 litters were available per group,
additional litters were randomly selected within the group to provide additional
pups as needed.

! Twenty-six-day lactation period for P females; 21-day lactation period for F, females
*Verbal Communication from Amy Plato (regulatory Agent for Sinanaen Co., Ltd) to. S. L. Malish, U.S. EPA

" on 4/22/2003.
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TABLE 1. Animal Assignment

[§83-4] Reproduction and Fertility Effects/Rat

Test Number Assigned per Group
Grou Dose (ppm)
P P Males P Females F, Males F, Females
1 0 (control) 30 30 30 30
2 1000 30 30 30 30
3 6250 30 30 30 30
4 12,500 30 30 30* 30*

* Considerable mortality was observed at the 12,500-ppm dose level, causing the group to be terminated at
completion of the premating growth period; consequently, 6250 ppm became the high-dose level.

3. Dose Selection Rationale
The dose selection was determined by the Sponsor, or in consultation with the
Sponsor. Selection was based on previous studies, and in particular, on a recent
subchronic study in rats conducted at the testing laboratory (MPI Study No. 892-
001). No details of this study were provided.

4. Test Diet Preparation and Analysis
Treated diets were prepared weekly, with each dose level prepared independently.
For each dose level, the appropriate amount of test material was weighed,
transferred into a mortar, and ground via a pestle. A small amount of Rodent
Chow #5002 was added to the mortar, ground, and then transferred to a Hobart
mixer where it was mixed for 5 minutes. The premix was then transferred to a
blender and blended again after additional diet was added as needed to achieve
the correct final dietary concentration. The formulated test diet was stored at
room temperature.

The test material was largely comprised of silver and zinc; consequently,
homogeneity and achieved concentrations were only assessed on these 2
compounds. To test for homogeneity, 9 samples (3 from the top, middle, and
bottom) of low- and high-concentration test diets were collected prior to dosing
initiation. The test diets were prepared by employing the same methods stated
above and the samples were collected following mixing. For the concentration
analysis, each formulation was s&mpled once per week during the first 4 weeks
and then every 4 weeks until study completion. Samples were analyzed by KAR
Laboratories, Inc. (Kalamazoo, MI). Stability of diets at similar concentrations
were evaluated in a previous study (MPI Study No. 892-001) and were
determined to be stable for at least 14 days at room temperature.

Results

Homogeneity Analysis: Homogeneity results are presented in Table 2 below.

4
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Analytical data indicate that the test material was within +8% of the mean
nominal concentration (range 92-100%) for silver. Analytical data indicate that
test material was within £15% of the mean nominal concentration (range 85-91%)
for zinc. Although this range falls outside that which is normally accepted
(£10%), our reviewers do not believe this adversely affected the study results.

TABLE 2. Homogeneity Results?

Corhpound Dose Level Nominal Conc. Found Mean Mean of Nominal
(ppm) (mg/kg) (mg/kg) £ SD Conc. (%)
Silver 1000 .49 45.0+3.00 92
12,500 613 613.0+36.10 100
Zinc 1000 130 110.0 £ 7.09 85
12,500 1625 1480 + 107 91

aData extracted from MRID 458279-01, p. 30.
RSD: Relative standard deviation.

Concentration Analysis: Table 3 summarizes the concentration analysis results.

The analytical data indicate that mean test material concentrations were within
+9.3% of the nominal target concentrations (range 90.7-91.5%) for silver. For
zinc, the analytical data indicate that mean test material concentrations were
within £3.5% of the nominal target concentrations (range 96.5-102.1%).

TABLE 3. Analysis for Silver and Zinc Concentrations?

Compound Dose Level Nominal Conc. Mean of Nominal Conc.
(ppm) (mghkg)
mg/ks % of nominal
Silver 0 (control) 0 0 NA
1000 49 44.4 90.7
6250 306 2804 91.5
12,500 613 55271 90.2
Zinc 0 (control) 0 (63.5-81.3) NA
1000 130 132.7 102.1
6250 813 821.9 1011
12,500 1625 1565.5 96.5
2Data extracted from MRID 458279-01, p. 3}
{) naturally occurring zinc
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Dosage Administration

All doses were administered through the treated diets. Parental males and
females were exposed to the test material for 70-75 days prior to mating.
Treatment continued through the mating period until termination and included
gestation and lactation periods for females. Selected F, animals began dosing at
weaning. F, and F, pups also were exposed to the control or test diets during
lactation.

The mean doses in the premating phase of the P and F, generations for males and
females were used for calculation of the respective dose levels.

Mating
P and F, females were mated with males from the same group until evidence.of

mating was obtained (copulation plug in the vagina or presence of sperm in
vaginal smear) or for a maximum of 14 days. Mating of siblings was avoided. A
second litter was not required based on the results of the first mating; males were
subsequently euthanized and necropsied.

Culling
On day 4 of lactation, P and F, litters were culled to 8 pups of equal sex

distribution where possible.

C. OBSERVATIONS

1.

Parental Animals

Mortality, morbidity, injury, and availability of food and water were assessed
twice daily. Detailed clinical examinations occurred weekly and included, but
were not limited to, observations of the general condition, skin, fur, eyes, ears,
nose, oral cavity, thorax, abdomen, external genitalia, limbs and feet, as well as
evaluation of respiratory and palpation or tissue masses. Towards the end of
gestation, pregnant females were examined twice daily for signs of parturition.
Duration of gestation and any difficulties with parturition were recorded. Day 0
of lactation was noted as the day that all pups were delivered. Dams also were
observed twice daily for behavioral alterations in nesting and nursing. Body
weights were recorded weekly before and during mating. After mating, males and
unmated females were weighed weekly until termination; females that showed
evidence of mating were weighed on gestation days (gd) 0, 7, 14, and 20. Body
weights for females with litters were recorded on Days 0,4,7, 14 and 21 of
lactation. P females with litters also were weighed on Day 26 of lactation, and
terminal body weights were recorded for all parental generation animals.
Individual food consumption was recorded one week pretest (data were not
reported for P generation animals) and weekly thereafter except during mating.
Food consumption for mated females was recorded on gd 0, 7, 14, and 20 and on
Days 0, 4, 7, 14, and 21 of lactation.

The estrous stage of all parental females was determined by examining daily
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vaginal lavage samples (three weeks prior to mating). Vaginal smears continued
until there was positive evidence of mating. At necropsy, the stage of estrous
cycle was determined for each female. Additionally, the number of uterine
implantation sites were counted for females that cohabited with males.

Blood samples (approximately 3 mL) from 10 randomly-selected P generation
animals/group were collected via the orbital sinus after CO,/O, anesthesia during
Study Week 2. Animals were fasted overnight, but had access to drinking water.
The following parameters were evaluated: total and differential leukocyte counts;
erythrocyte counts; hemoglobin; hematocrit; mean corpuscular hemoglobin, mean
corpuscular volume, and mean corpuscular hemoglobin concentration; platelet
count; prothrombin time; and activated partial thromboplastin time. The only
clinical chemistry parameter measured was total cholesterol.

Complete necropsy examinations were performed on P and F, parental animals at
the scheduled euthanasia (CO,) and for those animals that died spontaneously or
were euthanized in extremis. The organs and tissues listed below were preserved,
removed, and placed in 10% neutral buffered formalin, except for the left testis
and epididymis which were initially placed in Boulin’s fixative prior to placement
in 10% neutral buffered formalin. The right testis and epididymis were not fixed,
but were store frozen for use in the sperm analysis. Organs and tissues listed in
bold below were weighed. The epididymides, cauda portions, and right and left
testis were weighed separately. Hematoxylin-eosin and periodic acid Schiff
staining, as well as paraffin embedding, were used when processing the left testis.

. Adrenal (paired) . Prostate

. Brain . Seminal vesicle with coagulating gland
(paired)

. Epididymides (paired | * Spleen

organ; only the left side
was microscopically

examined)

. Gross Lesions . Testis (paired)

. Kidneys (paired) . Tissue masses

. Liver (3 sections . Uterus (both horns) with cervix and
collected; 2 examined) oviducts

. Ovary (paired) . Vagina

. Pituitary

AN
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Preserved tissues from 10 randomly-selected male and female control and high-
dose animals from the P generation and 10 randomly-selected male and female
control and 6250-ppm F, animals were subjected to histopathology examination.
The kidneys of all parental animals were microscopically examined for treatment-

 related effects after abnormalities were observed during macroscopic ‘
examinations. Reproductive organs also were examined in animals suspected of
low fertility (those who failed to mate, conceive, sire, or deliver, or had affected
estrous cyclicity or sperm number, motility or morphology). Examination of the
testes was given special attention, with the caput, corpus, and cauda of the
epididymis being examined on a longitudinal section through the entire structure.
In F, females, five ovarian sections were taken at least 100 pim apart from the
inner third of each ovary, and the total number of primordial follicles (which may
be combined with small growing follicles) was counted. All histopathology slides
were examined by a veterinary pathologist, who used a four-step grading system
of trace, mild, moderate, and severe to define gradable lesions for comparison
between the treatment groups.

Daily sperm production (DSP) was generally determined using the procedure
outlined by Blazak et al. (1993), in which the number of spermatids per testis is
divided by 6.1 (the number of days spanned in homogenization-resistant form).?
Evaluations were performed on high-dose (12,500 ppm for P males and 6250 ppm
for F, males) and control animals. The right testis was decapsulated and
homogenized, allowing the number of homogenization-resistant sperm heads to be
evaluated using a hemacytometer. Sperm motility was evaluated by videotaping a
section of the right vas deferens and utilizing the Hamilton-Thorne Computer
Assisted Semen Analysis System. The percent motile and progressively motile
sperm for all P males in the control and treated groups and F, males in the control,
1000-, and 6250-ppm dose groups was determined. The sperm count per gram of
caudal epididymal tissue was measured by separating, weighing, and collecting a
sperm sample for a manual concentration count from the right cauda epididymis.
Epididymal sperm counts were measured for all P males in the control and treated
groups and F, males in the control, 1000-, and 6250-ppm groups. Sperm
morphology was evaluated for the same groups and was evaluated
microscopically using the same sample from the motility assessment; at least 200
sperm/animal were evaluated.

2. Offspring
The following data were recorded as soon as possible for each litter:

. Litter size;
. Number of stillborn pups;

2 Blazak WF, Treinen KA, Juniewicz PE. 1993. Application of testicular sperm head counts in the
assessment of male reproductive toxicity. In Chapin RE, Heindel (eds.). Methods in Toxicology, Volume 3, Part A,
Male Reproductive Toxicology. Academic Press, Inc.: San Diego.
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D.
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. Number of live born pups;

. Gross abnormalities of pups;
. Pup body weight;

. Sex of all live pups.

Litters were observed twice daily for survival and behavioral alterations in
nesting and nursing; the presence of dead pups was recorded. Dead pups
recovered at birth or during lactation were necropsied if intact. Gross external
examinations and individual weights were recorded on Days 0, 4, 7, 14, and 21 of
lactation. F, pups also were individually weighed and examined for gross
external abnormalities on Day 26 of lactation.

All F, pups selected to be F, mating adults also were monitored for sexual
development. For females, sexual development was recorded as the day of
vaginal opening. Examinations commenced on Day 28 of age and were
performed daily until vaginal opening was achieved. For males, sexual
development was recorded as the day of balanopreputial cleavage. Examinations
commenced on Day 35 of age and were performed daily until balanopreputial
separation occurred. The age and body weight of the males and females upon
reaching these landmarks were recorded.

Complete necropsy examinations were performed on F, and F, pups culled on
Day 4, F, pups not selected for mating, and all F, pups at weaning. Necropsy
examinations also were performed on F, and F, pups that died or were euthanized
in extremis during lactation or were littered from dams that died during lactation;
the completeness of these examinations was not stated. Pups 14 days of age were
euthanized via CO, inhalation, while pups 1 to 13 days of age were euthanized via
intrathoracic injection of sodium pentobarbital. From one male and one female
pup per litter (randomly selected), the brain, spleen, and thymus were weighed.
Ten-percent neutral buffered formalin was used to save the thymus of selected F,
pups, as well as any gross lesions from F, and F, pups. Any abnormalities
characterized as developmental anomalies were microscopically examined, with
an emphasis placed on reproductive organs during the necropsies.

Zinc, silver, and copper levels were determined for six F2 pups/group
(3/sex/group).

DATA ANALYSIS

The formula for various indexes were included in Appendix 2 of this report.

Statistical Analyses
Table 4 summarizes the parameters evaluated and the method used to determine

their statistical significance.
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TABLE 4. Statistical Analyses

Parameter

Statistical Method

Parental In-life Data: Premating and postmating body weights and body weight
change (week-to-week and over the premating period); premating and postmating
food consumption; gestation body weights and body weight changes (between each
weighing interval and over the entire gestation period); gestation food consumption;
lactation body weights and body weight changes (between each weight interval and
over the entire factation period); lactation food consumption; estrous cyclicity data
(mean cycle length, mean number of cycles/period)

Fertility Indices: gestation length; copulatory interval (mean days to mating)
Pathology: male organ weights; female organ weights; spermatogenesis
concentration, homogenization (resistant sperm heads), DSP (daily sperm
production), and DSP/gram tissue; ovarian primordial follicle count

Uterine Exam: total implantations.

Litter Data (F, and F,): litter size; live pups; stillbom pups

Developmental Indices (F,): preputial separatfon (age and body weight at criteria);
vaginal opening (age and body weight at criteria)

Clinical Pathology: hematology (except leukocyte counts; clinical chemistry (total
cholesterol)

Group Pairwise Comparisons: Levene’s test was used to assess the homogeneity of
group variances. Dunnett’s test was used to compare each treatment group with the
control if Levene's test was not significant (p>0.01); Welch’s t-test with a

Bonferroni correction was used if Levene’s test was significant (p<0.01). Results of
the pair-wise comparison were reported at the 0.05 and 0.01 significance levels, and
all endpoints were analyzed using two-tailed tests uniess indicated otherwise.

Fertility Indices: male and female mating, fertility, and fecundity indices; gestation
index

Fisher’s Exact Test: Treatment and control groups with binomial endpoints (except
sex ratios) were compared using a Fisher's exact test with a Bonferroni correction.
Results were reported at the 0.05 and 0.01 significance levels, and all endpoints were
analyzed using two-tailed tests unless indicated otherwise.

Pathology: spermatogenesis % abnormal; % motility

Litter Data (F, and F,): live birth index; pup sex ratio (mean % male pups - Days
0, 4, prickle, 4 postcull, Day 21 and 26 [F, litters]); stillborn index; pup survival
(Days 0-4 prickle, 4 postcull - day 21 [both F, and F,}, and Day 4-26 for'the F,)

Arcsin-Square-Root Transformation: Data comprised of percent values were
transformed using the arcsin of the square root; group pairwise comparisons (as
described above) were used to.analyzed the transformed percentage values.

Litter Data (F, and F,): mean pup body weights.

Covariate Analysis: A test of assumptions was performed for each endpoint (listed
to the left) and time period to determine-whether litter size would be included as a
covariate in the model. The model used tested the difference from the control by
using Dunnett’s test and each treatment group was compared to the control. Results
were reported at the 0.05 and 0.01 significance levels, and all endpoints were
analyzed using two-tailed tests unless indicated otherwise.

Clinical Pathology: total leukocyte counts; differential leukocyte counts

Log Transformation: A log transformation was performed on leukocyte counts
(total and differential) because historically they are not normally distributed; group
pairwise comparisons (as described .above) were used to analyze the ransformed
data.

3. Historical Control Data
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II. RESULTS

A.
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Historical control data on prenatal and postnatal development are prbvided in
original report, MRID 458279-01.

PARENTAL TOXICITY

All summary tables for parental toxicity are presented in Appendix I of this report unless
otherwise noted. :

1.

Mortality and Clinical Observations

Mortality for the P generation is summarized below in Table 5. No mortality was
observed in treated females; 1/30 control females died during week 11. In males,
mortalities consisted of one 6250-ppm animal (died on Study Day 115) and three
12,500-ppm animals ( died on Study Days 40, 113, and 148, respectively); these
deaths were considered to be treatment-related. According to the study author,
there were no treatment-related clinical observations.

TABLE 5. Summary of Mortality P Parental Generation ™

Group (ppm) Males2 Femalesd
1(0) 0/30 (0%) 1/30 (3.3%)

2 (1000) - 0/30 (0%) 0/30 (0%)

3 (6250) 1/30 (3.3%) 0/30 (0%)

4 (12,500) 3/30 (10%)b 0/30 (0%)

*Data extracted from MRID 458279-01, p. 32.
aNumber of animals found dead or euthanized in extremis/total animals in the group.

bExcludes one male that died following blood collection. Death of the animal was attributed to the blood collection

procedure.

Mortality for the F, parental generation is summarized below in Table 6. No
mortality occurred in the male and female control group, while one 1000-ppm
male (male number 653) died on Study Day 11. Clinical and necropsy findings
were inconclusive as to the reason of death. No 1000-ppm females died prior to
study termination. At 6250 ppm, seven males and one female died, with mortality
occurring between Weeks 4 through 10. These deaths were considered treatment-
related; however, the cause of death reportedly was not apparent from clinical,
macroscopic, or microscopic findings with the exception of one 6250-ppm male
(male number 685) whose death may have been attributed to malocclusion and
abrasion of the hard palate. At 12,500 ppm, weaned F, animals were
approximately 50% the size of controls and failed to thrive postweaning. Deaths
were first observed by Study Day 4, and by the end of the premating period, 28/30
males and 23/30 females had died; all animals were terminated by the end of the
premating period (Study Day 78) due to the considerable mortality.
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[§83-4] Reproduction and Fertility Effects/Iiat

TABLE 6. Summary of Mortality F, Parental Generation2

Group (ppm) Malesb Femalesb
1(0) 0/30 (0%) 0/30 (0%)
2 (1000) 1730 (3.3%) 0/30 (0%)
3 (6250) 7/30 (23.3%) 1/30 (3.3%)
4 (12,500)¢ 28/30 (93.3%) 23/30 (76.7%)

2Data extracted from MRID 458279-01, p. 41.
bNumber of animals found dead or euthanized in extremis/total animals in the group.
CGroup terminated at completion of the premating period prior to the start of pairing due to excessive mortality.

There were no remarkable clinical signs of toxicity observed at 1000 ppm in
either F, parental males or females. At 6250 ppm, five males were observed with
hunched posture. Two out of the five animals died, while the occurrence for the
remaining three was transient and occurred between Study Weeks 10-18 and
Weeks 15-18. At 12,500 ppm, the animals showed numerous clinical signs of
toxicity that were attributed to failure to thrive. Males and females at this high
dose exhibited an increased incidence of brown material around the nose,
hunched posture, emaciation, sparse hair over the entire body, cold to touch, pale
skin, and/or unkempt appearance while the male exhibited extended penises.
Females at 12,500 ppm exhibited similar clinical symptoms as the males.

Body Weight
Male and female body weight and body weight change data are summarized in

" Tables 1- 8 of Appendix 1 of this report.

In 1000-ppm P males, there were no significant changes in body weight.
Significant, treatment-related decreases were observed starting beginning Week 4
for 6250-ppm males [mean 7%] and Week 2 for 12,500-ppm males [mean 10%]
which lasted throughout the study. Sporadic significant decreases in male body
weight gain were observed for treatment groups in the premating phase, 12% at
6250 ppm and 17% at 12,500 ppm. In the pairing and post-mating phases no
consistent pattern was seen at the lower doses, however, the 12,500 ppm dose
showed a weight gain decrease of 37% at 12-13 weeks of mating.

For females, body weight were comparable to controls at all dose levels up to the
lactation periods, at which point decreases occasionally observed at dose levels of

6250 and 12,500 ppm. At 6250 ppm, significant body weight decreases were at
lactation day 14 (7%); at 12,500 ppm significant decreases were seen at on gd 20
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[§83-4] Reproduction and Fertility Effects/Rat

[6%] and lactation day 4, 7, 21 with a mean decrease of 9%. Body weight gain
was generally comparable to controls, except during gd 14-20 [29%] and 0-20
[16%] at 12,500 ppm, and lactation days 7-14 at both 6250 ppm [>100%] and
12,500 ppm [98%] .

In 1000-ppm F, males, there were no significant changes in body weight or in
body weight gain. Significant, treatment-related decreases in body weight were
observed beginning at Week 1 for 6250-ppm [~ 11 to 25%)] males and 12,500-ppm
[~55 to 60%] males and lasting until the animals were terminated.

At 12,500-ppm males, significant, treatment-related decreases [47%] in male
body weight gain were observed from weeks 1 to 12. Decreases at 6250 ppm [6%]
were considered to be of little toxicological importance.

For females, body weight and body weight gain were comparable to controls at
1000 ppm, except a decrease during lactation day 4 [7%]. Significant, treatment-
related reductions in body weight were observed at 6250 ppm at Weeks 1 through
6 premating [9 - 19%] and lactation days 0, 4, 7, and 21 [mean 7%]. Body weight
gain for 6250-ppm females, at times, was significantly higher than controls but
was generally comparable to controls during the gestation and lactation periods.

During the premating period, week 1 to 12, females dosed with 12,500 ppm

. exhibited significantly decreased body weight [45%] and lower body weight gains

[mean 40%)].

Food Consumption
Male and female food consumption data are summarized in Tables 9-12 of

Appendix 1 of this report.

For 1000-ppm P males, sporadic, significant decreases in food consumption
occurred during the premating and postmating periods; however, these changes
were not considered toxicologically meaningful. Significant, treatment-related
decreases in food consumption were observed in 6250- and 12,500-ppm males
during the premating and postmating periods [mean 7%] at 12,500 in the
premating period (mean 22%) ppm and were consistent with decreases in body
weights and body weight gains.

For P females, there were no alterations in food consumption observed at any
dose level during the premating or gestation period. There also were no changes
in food consumption at 1000 ppm during lactation. At 6250 ppm, sporadic
alterations (a significant increase during lactation days 4-7 and a significant
decrease during days 14-21) were considered unrelated to treatment. Decreases
[mean 22%] in food consumption were observed during lactation days 0-4, 7-14,
and 14-21 for 12,500-ppm females, suggested a treatment-related response.

There were no significant changes in food consumption for 1000-ppm F, males.
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Decreases [mean 12%] in food consumption were observed throughout the study
period for 6250-ppm males, with most differences reaching statistical
significance. The toxicological significance of this finding is unclear since there
were no consistent reductions in body weight gain during this period. At 12,500
ppm, significantly decreased [mean 53%] food consumption was observed in
males, which was consistent with poor weight gain. In females, decreases in food
consumption during the premating, gestation, and lactation periods were observed
at dose levels of 1000 and 6250 ppm; however, these sporadic changes were
considered unrelated to treatment. Significant decreases [mean 37%)] observed
throughout the premating period at 12,500 ppm were consistent with poor weight
gain and were considered to be treatment-related.

Test Article Intake

The average test article intakes for P males during the premating period were 73,
466, and 972 mg Zeomic/kg body weight/day based on food consumption and
nominal concentrations of 1000, 6250, and 12,500 ppm, respectively. The average
test article intakes for P females were 86, 513, and 1056 mg Zeomic/kg body
weight/day based on food consumption and nominal concentrations of 1000,
6250, and 12,500 ppm, respectively.

For F, males, the average test article intakes during the premating period were 71,
477, and 996 mg Zeomic/kg body weight/day based on food consumption and
nominal concentrations of 1000, 6250, and 12,500 ppm, respectively. The
average test article intakes for F, females were 87, 582, and 1161 mg Zeomic/kg
body weight/day based of food consumption and nominal concentrations of 1000,
6250, and 12,500 ppm, respectively.

The mean doses in the premating phase of the P + F, generations, respectively,
for males and females were used for calculation of the dose levels.

Estrous Cycling Evaluation

There were no treatment-related effects on estrous cycling (mean estrous cycle
length and mean number of estrous cycles) for P and F, females at any evaluated
dose level. Estrous cyclicity was not evaluated for 12,500-ppm F, females due to
the excessive mortality and the small number of females surviving for evaluation.

Mating, Fertility, and Reproduction
Data on mating, fertility, and reproduction are summarlzed in Tables 13
(Parental) and Table 14 (F1 ) of Appendix 1 of this report.

There were no treatment-related effects observed in the parturition endpoints
measured for P animals treated with 1000- and 6250-ppm test material, except for
a significantly increased mean gestation length observed in 6250-ppm dams (223
days vs. 21.9 days for controls). The magnitude of change, although statistically
significant, was not sufficient enough to be considered a toxicologically
meaningful effect. High-dose animals also exhibited statistically-significant
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increases in gestation length (22.3 days vs. 21.9 days for controls). As with the
mid-dose dams the magnitude of change was not sufficient to be considered
toxicologically significant. Treatment-related, significant alterations in high-dose
dams included decreases in the live birth index, number of pups born at Day 0, -
mean live born/litter, and mean litter size on Days 4 (pre and postculling), 7, 14,
21, and 26. A significant increase in the stillborn index also was observed. All
females in the control and treated groups retained litters to weaning, except for
six 12,500-ppm dams who experienced complete pup mortality in their litters.

For F, animals, there were no treatment-related effects observed in the mating,
fertility, and reproduction endpoints measured for 1000-ppm dams. A slight,
insignificant decrease in the number of live pups and total pups at birth in this
dose group was noted; however, due to the lack of statistical significance and
absence of similar results in the 6250-ppm dose group, this decline was
considered spurious and not related to treatment. Additionally at 1000 ppm, there
was a significant decrease in the number of live pups/litter observed on lactation
days 7, 14, and 21. Because litter size at 6250 ppm was comparable to controls,
this decrease was considered by the study author not to be toxicologically
meaningful or related to treatment. At the 6250-ppm dose, a significant decrease
in the live birth index and a significant increase in the stillborn index was
observed. Additionally, the mean number of dams with stillborn pups (mean =
10) was higher than that of controls (mean = 3). These effects were considered
treatment-related. All dams in the control and 6250-ppm treatment group weaned
litters. Two females (out of a total of 18) in the 1000-ppm dose group failed to
wean litters and all pups died prior to Day 4 of lactation. The study author
considered this occurrence to be incidental in nature because similar responses
were not observed in the 6250-ppm dose group. There were no statistical
differences in the mean number of uterine implantation scars in either the P or F,
treated dams when compared to controls.

Sperm Analysis
There were no treatment-related effects on any sperm parameters at necropsy for

P males, including sperm motility and caudal epididymal concentration, homo-
genation-resistant sperm heads, calculated daily sperm production , spermato-
genic efficiency, and percent normal sperm (at 12,500 ppm). For F, males, sperm
endpoints in treatment groups were comparable to controls except for significant
increases in the percent abnormal sperm at 1000 ppm and percent motility and
percent progressive motility at 6250 ppm. These changes were considered
incidental and not treatment-related due to the lack of a dose-response.

Primordial Follicle Count

There were no treatment-related effects on primordial follicle counts in F,
parental animals treated with 1000 or 6250 ppm. Counts were lower at 1000
ppm, but in the absence of a dose-response relationship, were considered this to
be unrelated to treatment.
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9. Clinical Pathology

Hematology and clinical chemistry data are summarized in Tables 15-16 of
Appendix 1 of this report.

a. Hematology

Significant decreases in hemoglobin, hematocrit, mean corpuscular volume
(MCYV), mean corpuscular hemoglobin (MCH), and mean corpuscular
hemoglobin concentration (MCHC) values and significant increases in
erythrocytes and platelet counts were observed in high-dose males. MCV and
MCH values also were significantly decreased in 6250-ppm males.

High-dose females experienced identical hematology alterations except that
hematocrit decreases did not reach statistical significance and eosinophil values
were significantly increased. Significant decreases in MCV, MCH, and MCHC
and significant increases in erythrocyte values were observed in mid-dose
females. These hematological alterations were believed to be treatment related.

* b. Clinical Chemistry

Cholesterol values were significantly increased in mid- and high-dose animals;
these increases also were believed to be treatment-related.

10.  Organ Weight
Organ weight data are summarized in Tables 17-21 of Appendix 1 of this report.

There were no significant organ weight alterations observed in 1000-ppm P
males. Mid-dose males exhibited significant decreases in terminal body weight,
absolute brain weight, kidney weight (absolute and relative to body and brain
weight), and absolute pituitary weight, as well as significantly increased spleen
weight (absolute and relative to body weight). In 12,500-ppm males, significant
decreases in terminal body weight, brain weight (relative to body weight), and
kidney weight (absolute and relative to brain weight) were observed. Significant
increases included left and right epididymis weight relative to body weight, left
and right testis weight relative to body weight, and absolute spleen weight.

In P females, there were no significant changes in organ weight at 1000 ppm, and
only sporadic alterations were observed at 6250 and 12,500 ppm (significantly
decreased kidney/brain weight at 12,500 ppm; significantly decreased absolute
pituitary weight and relative pituitary/brain weight at 6250 ppm). These
alterations were considered incidental and not related to treatment. Treatment-
related changes in kidney weight may have been associated with the higher
incidence of renal chronic inflammatory processes and hydronephrosis noted in
these groups.
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In F, animals, treatment-related organ weight alterations were observed in both
sexes at 1000 and 6250 ppm; there was no statistical analysis performed on
12,500-ppm animals. Significant decreases in 1000-ppm males were observed in
the following: kidney weight (absolute and relative to body and brain weight) and
pituitary weight (relative to body and brain weight). In 6250-ppm F, males,
significant decreases were observed in the following: terminal body weight;
absolute brain weight; adrenal weight (absolute and relative to brain weight); left
epididymis weight (absolute and relative to brain weight); absolute right
epididymis weight; kidney weight (absolute and relative to body and brain
weight); absolute liver weight; relative pituitary weight to body weight; prostate
weight (absolute and relative to brain weight); absolute seminal vesicle weight;
absolute left testis weight; and right testis weight (absolute and relative to brain
weight). Also at 6250 ppm, a significant increase in relative spleen to body
weight was observed. Females treated with 1000 ppm exhibited significant
decreases in kidney weight (absolute and relative body and brain weight), liver
weight (absolute and relative to brain and body weight), and absolute spleen
weight. In 6250-ppm females, decreases were observed in absolute brain weight,
kidney weight (absolute and relative to brain and body weight), absolute liver
weight, and absolute uterus, oviducts, and cervix weight. Consequently, the study
author concluded that treatment-related changes in kidney weight (in both males
and females) may have been associated with the higher incidence of renal chronic
inflammatory processes and hydronephrosis noted in these groups. Sporadic
alterations observed in liver weights were not considered treatment-related due to
the lack of a dose-response.

Gross Pathology
Discoloration of several organs was observed at all dose levels; however, mild

discoloration exhibited in low-dose animals was not believed to be treatment-
related. Treatment-related, mild to severe discoloration (green to tan/brown) of
several organs was exhibited by both sexes of P animals at doses of 6250 and
12,500 ppm. Organs noted by the study author included: pancreas, thymus,
mandibular salivary glands and lymph nodes, Harderian glands, exorbital lacrimal
glands, glandular stomach, duodenum, urinary bladder, prostate gland, and
clitoral glands. ‘

Also noted was an increased frequency in irregular renal cortical surfaces, with
1/30, 6250-ppm males, 8/30, 12,500-ppm males, and 2/30, 12,500-ppm females
exhibiting granularity. This change may correspond to chronic interstitial
nephritis and/or infarction noted in the Histopathology Section of this report.
High-dose males also exhibited an increased incidence of pelvic dilation and
urinary tract lesions (which may be the consequence of lower urinary tract
obstruction). Females also exhibited pelvic dilation, this effect only occurred in
the low and mid dose groups and, therefore, a treatment response relationship
could not be established.

F, animals exhibited similar gross pathology alterations as the P animals.
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Animals treated with 1000 ppm exhibited mild to moderate discoloration in the
thymus (2 males and 5 females) and pancreas (17 females). At 6250 ppm,
treatment-related mild to moderate discoloration (green to tan/brown) of the
following organs was observed in both sexes: pancreas, thymus, glandular
stomach, duodenum, jejunum, mandibular salivary gland, Harderian gland,
exorbital lacrimal glands (females only), pineal gland (males only), and urinary
bladder.

As with P animals, treatment-related alterations also were observed in the urinary
tract of animals dosed with 6250 ppm and included an increased incidence of .
renal cortical surface irregularity (mild to moderate), calculi (mild), and pelvic
dilation (mild to moderate). Mild calculus formation also was observed in the
urinary bladder in two 6250-ppm males; the study author noted that urinary
calculi were not observed in P animals. Additionally, mild to moderate decreases
in thymus size were observed in one 1000-ppm male and in two 6250-ppm males.
This low incidence of thymus atrophy could have been the result of a physiologic
involution of the thymus or spontaneous changes; therefore, changes in thymus
size could not be definitively attributed to the test material.

F, animals fed diets of 12,500 ppm were examined for macroscopic lesions.
Lesions noted at this concentration level were generally similar to other treated
groups. One exception noted was the increased incidence of penile distension/
extension and red discoloration. These changes may have been associated with
other alterations in the urinary tract (urolithiasis and chronic inflammation).
Additional noted macroscopic lesions at 12,500-ppm included: green to brown
discoloration of the pancreas, duodenum and prostate gland; renal calculi, cortical
surface irregularity, and pelvic dilation; decreased thymic size; and cardiac and
splenic enlargement.

Histopathology :
Histopathology finding are summarized in Tables 22-25 of Appendix 1 of this

report.

The most significant treatment-related alterations occurred in the kidneys of mid-
and high-dose males and females and included: chronic interstitial nephritis,
hydronephrosis, and pelvic urothelial hyperplasia. According to the study author,
these increases in incidence and severity were, in part, due to the presence of
calculi and associated traumatic injury to adjacent tissues.

Additionally, treatment-related pigmentation, occurring predominately in P high-
dose males and females, was observed within the interstitium of the pancreas,
thymus, mandibular salivary glands, Harderian glands and prostate gland, the
lamina propria of the glandular stomach and duodenum, renal glomerular and
tubular basement membranes, and the submucosa of the renal pelvis and urinary
bladder. Higher incidence rates were observed in the pancreas and kidneys for
males and females combined and in the Harderian glands, thymus, and urinary
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bladder for females only. Because there were no corresponding inflammatory or
degenerative responses, pigmentation was not considered a toxic effect.

Histological alterations observed in F, animals were similar to those seen in P
animals. The most significant treatment-related alterations occurred in the
kidneys. Increased incidences and severity of chronic interstitial nephritis,
hydronephrosis, infarction, and pelvic urothelial hyperplasia were observed in
both sexes at 