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SUMMARY

The test article, hexabromocyclododecane (HBCD), Lot #3577, in the vehicle,
corn oil, was administered orally by gavage to three groups of Sprague-Dawley Crl:
CD BF rats for a period of 28 consecutive days. Dose levels were 125 (low), 350
(mid), or 1000 (high) mg/kg/day, administered in a dosage volume of 5 ml/kg. The
test groups consisted of 6 males and 6 females in the 125 and 350 mg/kg/day groups
and 12 males and 12 females in the 1000 mg/kg/day group. A concurrent control
group comprised of 12 males and 12 females received the vehicle, com oil, for 28
consecutive days at a dosage volume of 5 ml/kg. At the end of the dosing period, 6
animals/sex/group were euthanized and necropsied. The remaining 6 animals/sex in
the control and 1000 mg/kg/day groups remained on-test untreated for a 14 day
recovery period. At the end of the recovery period, all animals were euthanized and
necropsied.

Animals were observed twice daily for mortality and moribundity. Clinical
signs were recorded daily. Body weight and food consumption were measured
weekly. Functional observational battery and motor activity evaluations were
performed during weeks -1 (pretest), 3, and 5 (recovery). Samples for hematology

and camm shamioteo avaluatinne wana nn'l‘lnM-tl at the nﬂman. I R Agu\ nntl nasAuary
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(42 day) necropsies. Complete necropsies were performed on all rats. The brain,
liver, kidney, heart, spleen, testes and epididymis or ovaries, adrenal glands, and
thymus from all animals were weighed at each necropsy. Approximately 40 tissues
were collected and preserved at each necropsy from all animais. The following
tissues were examined microscopically from the control and high dose animals: liver,
kidney, beart, spleen, testes (males), prostate (males), seminal vesicles (males),
epididymis (males), ovaries (females), adrenal glands, thymus, bone with marrow
(sternebra), brain, stomach, cecum, duodenum, ileum, jejunum, lymph node,
peripheral nerve (sciatic), spinal cord, lung, trachea, uterus (females), urinary
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bladder, and all gross lesions.) The iungs, liver, kidneys, stomach, gross lesions and
tarzet organs were examincd in all dose levels.

Survival was not affected by administration of the test article. All animals
survived to the scheduled necropsy. Clinical signs observed during the study were
nouspecific, low in incidence, non-dose-related and not considered related to test
article.

Body weights, weight gain and food consumpton of treated animals were
compared statistically by sex and treatment day to their respective control groups
(P<0.05 or p<0.0'). Body weight, weight gain and food consumption was not
affected by treatment. No statistically significant differen-=s in body weight between
control and treated animals were detected with the exception of an increase in mean
female body weight in the 350 mg/kg/day during week 2 of treatment. Mean female
body weight at that time point was 190 g vs 179 in .. control group. No
statistically significant differences in body weight gain between control and treated
animals were detected with the exception of a decrease in mean male body weight gain

in the 1000 mg/kg/day recovery group during week 1 of recovery. Mean male body
weight gain at that time point was 21 g vs 31 in the control group; mean male body
weight was not statistically different from the control mean. No statistically
significant differences in food consumption between control and treated animals were

detected with the exception of an increase in mean female food consumption in the
350 mg/kg/day during weeks -1, 1, and 2 of treatment. Mean female food
consumption at that those time points were 18, 17 and 17 g vs 16, 15 and 15 g in the
control group, respectively.

Functional observation battery and motor activity results from treated animals
were compared statistically by sex and treatment day to their respective control groups
(p<0.05). These parameters were not affected by treatment with the test article. No
statistically significant differences were observed between treated and control animals
at any time pwint.

No statistically significant differences between treated and control animals were

found for hematology parameters with the exception of an increase in the mean

-15-




CMA BFRIP

activated partial thromboplastin time in the 1000 mg/kg/day males on week 4 and a
decrease in the mean prothrombin time in the 1000 mg/kg/day females on week 4.
These statistical differences were not of toxicolegical significance.

No toxicologically significant effects on serum chemistry values related to test
article administration were observed at the 28 day prima:y and 42 day recovery
necropsies. Scattered instances of statistically significant differences between treated
and control animals were detected for some serum chemistry parameters at the 28 day
primary necropsy. These scattered statistical differences were not considered
toxicologically significant because the statistical differences occurred: in the absence
of a dose response, in the absence of the accompanying clinical chemistry changes
expected, in the opposite direction from what occurs in a toxic state, in a direction
which is without physiologic significance, or due to potential interference with the
laboratory method. No statistically significant differences in serum chemistry
parameters were detected between groups at the 42 day recovery necropsy.

No gross lesions which could be attributed to the test article were detected at
. either necropsy. Gross lesions were nonspecific, low in incidence, non-dose-related
| and considered incidental. |

No microscopic lesion which could be attributed to the test article were detected
on histopathologic exam. Microscopic changes were nonspecific, low in incidence,
non-dose-related and considered incidental.

No statistical significant differences in organ weight or organ to body weight
ratios were detected between control and trcated animals with one exception.
Absolute liver weights were statistically significantly increased with respect to contro!
means at the 28 day necropsy in males in the high dose and females in the mid and
high dose. Liver to body weight ratios in mid and high dose males and low, mid and
high dose females were statistically significantly increased at the 28 day necropsy.
At the recovery necropsy, male absolute and liver to body weight ratio were
statistically comparable to the control mean whereas female absolute liver weights and
Jiver to body weight ratio were statistically significantly increased with respect to
control mean. The difference in absolute liver weight between control and treated
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females was less pronounced at the end of the recovery period, indicating the increase
in liver weight was reversible in females as weil as males. In the absence of test
article related histopathologic and serum chemistry changes, increases in liver weight
are considerc< zn adaptive, rather than a toxic response, are not uncommon in the rat,

and are most likely the result of microsomal induction.

In conclusion, no systemic toxicity was observed at any dose level. Based on
the results of this study, the NOAEL (No Observed Adverse Effect Level) of HBCD
administered orally to male and female rats for 28 consecutive days was 1000

mg/kg/day.




The objective of the study was to evaluate the possibie toxic effects of
Hexabromocyclododecane (HBCD) when administered orally (gavage) to rats for 28
days. This included evaluation of potential neurotoxicity by functional observational
battery (FOB) and motor activity (MA) assessment. Reversibility, persistence or
delayed occurrence of toxic effects was evaluated by a 14-day post-treatment recovery
period. The selected route of administration was oral by gavage as this roite is an
acceptable and standard method for administering test article per OECD Guideline
407. The animal model, the Sprague-Dawley Cil:CD®BR mat, is recognized as
appropriate for subchronic toxicity studies and was se.ccted based on the availability
of historical control data.




Acciimation and
Pretest Period
|

Assignment of Animals
to Study Groups
L

12 Males, 12 Females/Group (1 and 4)
and 6 Males, 6 Fem.tes/Group (2 and 3}
Treated Daily for 28 Days

l

Body Weights and Food Intake
Recorded Weekly, Clinical
Observations Recorded Daily

Functional Qbservational Battery
and Motor Activity Evaluations

Performed at Appropriate Intervals
i

Clinical Pathology Evaluations on
All Animals Prior to Scheduled Necropsy

[

Necropsy Examinations Performed on
6 Animals/Sex/Group (1-4) At the
End of the Dosing Pericd; Selected
Organs Weighed; Selected Tissues

Examined Microscopically N

Necropsy Examinations Performed on
6 Animals/Sex/Group (1 and 4)
After a 14-Day Recovery Period;
Selected Organs Weighed; Selected
Tissues Examined Microscopically




The experimental start date, initiating with test article administration, was May
17, 1996 (week 0). The primary necropsy was on June 14, 1996. The recovery
necropsy was on June 28, 1996. The experimental termination date, concluding
with the last pathology examination, was October &, 1996.

B. JEST AND CONTROL ARTICLES
1. TEST ARTICLE IDENTIFICATION

Hexabromocyclododecane (HBCD) was received from Chemical
Manufacturers Association via Wildlife International Limited, Easton,

Maryland, as follows:

No. of
Label Containers

Date
-Jdentification Received -Desciption,  _Received

#3577 HBCD One Bottle White 4/17/96
Approximately 300 g Gross weight powder
(Composite* of #3462, 646.3 g
3519, and 3551)
Prep. date: 2/19/96
Exp. date: 12/16/96
{fWIL Log No. 3014A]

HBCD One Bottle i 6/7/96
Test substance no. 3577 Gross weight
Composite* of no’s 3462, 430.1 g
3519, 3551
Prep. date: 2/19/96
Expires: 12/16/96
[WIL Log No. 3014B]

* The test article was a composite sample of equal portions of commercial
HBCD manufactured by CMA BFRIP members.

The stability and purity of the bulk test article were the responsibility of
the sponsor. For purposes of dose calculations, the test article was considered
to be 100% HBCD. The bulk test article was stored in a sealed container in
a dry, well-ventilated area at room temperature {68°F + 4°F) and was




considered to be stable under these conditions. C.a April 19, 1996, 2 1.013 g
sample was taken from tne first shipment of test articie and stored in the
archives at WIL Research Laboratories, Inc. An approximate one gram
reserve sample was to be taken from the second shipment of test article in
accordance with WIL standard operating procedures. However, after the
remaining test articie had been returned to the sporsor, it was discovered that
a retention sample was not collecied from this shipment. This deviation from
the protocol had no impact on the scientific validity of the study as both
shipments were of the same lot number.

CONTROIL. ARTICLE IDENTIFICATION

The vehicle control article utilized in preparation of the test mixtures and
for administration to the control group was Mazola® corn oil manufactured by
Best Foods, CPC International, Inc., Engiewood Cliffs, New Jersey.
PREPARATION

A sufficient amount of com oil to dose the control grovr: :nimals was
placed in a labeled storage container. The vehicle control article was stirred
continuously throughout the sampling and dosing procedures using a magnetic
stir bar and stir plate.

The appropriate amount of test article, HBCD, for each group was
weighed into a tared, precalibrated storage container. A stir bar was added
and the container was tared a second time. An appropriate volume of vehicle
was added and the weight of the formulation was recorded. The formulations
were stirred continuously throughout the sampling and dosing procedures using
magretic stir bars aad plates.

All dosing formulations were prepared daily and stored at room
temperature.  Test article concentration and homogeneity of the dosing
formulations were verified using gravimetric determination.
ADMINISTRATION

The test mixtures were administered orz2"'y by gastric intubation via 2 16-
gauge stainless sieel gavage cannula (Popper and Sons, Inc., Hyde Park, New
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York 11040) as a single daily dose for 28 consecutive days through the day
prior to the scheduled primary necropsy. A dose volume of 5 ml/kg was used
for all dosage levels. The concurrent control group animals ceceived the
vehicle, com oil, on a comparable regimen at a dose volume of 5 ml/kg.
Individual dosages were adjusted based on the most recent body weights, to
provide the correct mg/kg/day dose. On May 28, 1996 (study day 11), all
males and the first female in the 350 mg/kg/day group were inadvertently
dosed using the dose volumes for all males and the first female in the 1235
mg/kg/day group, and on June 7, 1996 (study day 21), the first four males in
the 1000 mg/kg/day group were inadvertently dosed using the dose volumes
for the first four males in the 350 mg/kg/day group. Ali animals that were
underdosed received a correcting dose amount. In the 350 mg/kg/day group,
(nree males (nos. 50285, 50286 and 50315) were overdosed by 0.1 r:l and one
female (no. 50322) was overdosed by 0.03 ml. One male (no. 50283) in the

1000 mg/kg/day group was overdosed by 0.2 ml. This deviation from the
protocol had no impact on the outcome of the study as all animals received the
correct dosing solution and only a limited number of animals received a
slightly higher than intended dosage. The following table presents the study

group assigniaent.

Dosage Dosage Number
Group Test Level Concentration Volume of Animals

~DNumber, Agicle (mekt/dy)  me/mb.  (pik) Males Fepales

Vehicle 0 0 12 12
HBCD 125 25 6 6
HBCD 350 70 6 6
HBCD 1000 200 12

5. SAMPLING AND ANALYSES
Prior to the initiation of dosing, sample dosing suspensions were prepared
for Groups 2 and 4, and duplicate 1 ml aliquots were withdrawn from the
middle stratum of each suspension immediately after preparation. The
suspeasions were stirred overnight using magnetic stir bars aud yiates, and
duplicate 1 ml aliquots were withdrawn from the middle stratum of each




suspension approximately 2+ hours foliowing preparation. The samples were
frozen as soon as possible after collection and were shipped on dry ice to
Albemaric Corporation Technical Cen’er, Baton Rouge, Louisiana, on May 9.
1996, for stability analysis. Duplicate one-gram samples of the test article
were collected and frozen on the first and last days of tesi artticle
administration, and were shipped on dry ice to Albemarle Corporation
Technical Center on May 20, 1996 and June: 17, 1996, respectively, for
stability analysis. The results of these unalyses are presented in Appendix A.

Gravimetric assays of the dosing formulations for verification of test
article concentration and homogenreity were performed at WIL Research
Laboratories, Inc. Concentration Jeterminations were performed daily prior
to dose administration. Homogeneity determinations were perfurmed on study
days 0, 13 and 27. The results of these analyses are presented in Appendix B.

. ANIMAL RECEIPT AND ACCILIMATION/PRETEST PERIOD

Forty male and furty female Sprague-Dawley Crl:CD®BR rats were received
on May 2, 1996, from Charles River Laboratories, Inc., Portage, Michigan. The
animals were 28 days old upon receipt. Each animal was examined by a qualified
technician on the day of receipt. Animals were uaiquely identified by Monel metal

eartags displaying the permanent identification number. Ail animals were housed

for a 15-day acclimation and pretest period; observations ».re made twice caily for
mortality and general changes in appearance o behavior.

Pretest data coilection began on May 6, 1696. Individual body weights were
recorded and detailed physical examinations were performed on the first and last
days of pretest week -1 (May 10 and 16, 1996, respectively). Individual food
consumption was measured for the interval week -1 to week 0. For computer
entry, pretest data were assigned to computer proiocol number WIL-186004P.
Pretest clinical observations arz presented in Appendix C.

. ANIMAL HOUSING
Upon arrival, all animals were housed three per cage by sex for 2 minimum

of three days. Thereafier, all animals were housed individually in clean, wire-mesh
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cages suspended above cage-board. All animals were maintained by the animal
husbandry staff in accordance with the "Guide for the Care and Use of Laboratory
Animals™'. The animal facilities at WIL Research Laboratories, Inc., are
accredited by the American Association for Accreditation of Laboratory Animal
Care (AAALAC).
. D D W

The basal ration used in this study was Purina® Certified Rodent Chow®
#5002. The diet utilized at WIL Research Laboratories, Inc., is a certified feed
with appropriate analyses performed by the manufacturc: and provided to WIL
Research Laboratories, Inc. Municipal water supplying the facility is sampled and
analyzed for contaminants according to Standard Operating Procedures. The results
of these analyses are main:ained at WIL Research Laboratories, Inc. Contaminants
were not present in animal feed or water at levels sufficient to interfere with the
objectives of this study. The basal diet and drinking water delivered by an
automatic watering system were provided ad libitum throughout the study period
exc -+ o-ring the period of fasting prior to blood collection when food but not
Wik wa. v :thheld.
ENVIRONMENTAL CONDITIONS

All animals were housed throughout the acclimation period and during the
study in an environmentally.controlled room. Controls were set to maintain
temperature at 72° + 4°F (22° + 2°C), relative humidity at approximately 30-
70% and a minimum of 10 air exchanges per hour. Room temperature and relative
humidity were recorded twice daily. Actual recorded ranges for temperature and
bumidity were 71.9° to 73.0°F (22.2° to 22.8°C) and 33.7% to 67.3%,
respectively, during the study period. Light timers were set to provide a 12-hour
light/12-hour dark photoperiod.

. ASSIGNMENT OF ANIMALS TO TREATMENT GRQUPS

On May 16, 1996 (the day prior to test article administration), all available rats
were weighed and examined in detail for physicai abnormalities. Animals judged
suitable for testing, as determined by the study director, were selected for use in
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H.

the computerized randomization procedure. The individual body weights were
entered into the WIL Toxicology Data Management System (WTDMS™). A
printout containing the animal numbers, corresponding body weights and individual
group assignments was generated based on computer-generated random number
permutations. The animals then were arranged according to the printout. The
control and 1000 mg/kg/day groups each consisted of 12 males and 12 females.
The 125 and 350 mg/kg/day groups each consisted of six males and six femaies.
After randomization into study groups, the animals were then randomized into two
study replicates to allow for the reasonable conduct of the FOB and locomotor
activity assessments. Each dose group and sex were equally represented within
each study replicate. Animal no. 50292 was replaced by animal no. 50289 on
study day -1 as animal no. 50292 died shortly after being handled for pretest
clinical observations and weighing. The selected animals were approximately six
weeks old at the initiation of dosing; body weight values ranged from 159 to 222
grams for the males and from 121 to 161 grams for the females. Several animals

weighed less than the protocol-specified minimum weight (175 g for maies, 125 g

for females) at the initiation of dosing. This deviation had no impact on the
outcome of the study as all animals were within the prot~col-specified age range
(4-8 weeks) at the initiation of dosing.

The aniinals were observed twice daily, once in the moming and cace in the
afternoon, for mortality and moribundity. Clinical observations were performed
on all animal; at the time of dosing and approximately one to two hours following
dosing (dcsignated as one hour post-dosing tor reporting purposes). During the 14-
day recovery period, clinical observations were performed daily on the remaining
six animals/sex in the control and high dose groups. Each animal received a

detailed physical examination prior to the scheduled necropsy.

. BODY WEIGHTS

Individual body weights were measured and recorded weekly beginning one
week prior to test article administration (week -1). Mean body weight changes
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were calculated for each study week. A final body weight was recorded for each
animal on the day of scheduled necropsy.

Individual food consumption was measured weekly beginning one week prior
to test article administration (week -1). Food intake was calculated as g/animal/day
for the corresponding body weight intervals.

VA B

Functional observational battery (FOB) evaluations were performed on six
animals/sex/group during the pretest week, the fourth week of test article
administration and the last week of the recovery period (weeks -1, 3 and 5,
respectively). The same six animais/sex in the control and 1000 mg/kg/day groups
were used for each evaluation interval. Testing was performed by the same
technicians without knowledge of the animal group assignment. The FOB was
performed in a sound-proofed room equipped with a white noise generator set to
operate at 70 + 10db, with the following exception. Home cage observations were

performed in the animal room. All animals wers observed for the following
parameters as described below (refer to Appendix D for a detailed description of
the scoring criteria used for each observation):

1. HOME CAGE OBSERVATIONS
Posture Biting
Convuisions/Tremors Paipebral (eyeiid) ciosure
Feces consistency

2. HANDLING OBSERVATIONS

Ease of removal from cage Ease of handling animal in hand
Lacrimation/Chromodacryorrhea Salivation

Piloerection Fur appearance

Palpebral closure Respiratory rate/character
Red/Crusty deposits Mucous membranes/Eye/Skin color
Eye prominence Muscle tone
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3. OP [0) Vv NS (evaluated over a 2 minute observation
period)

Mobility Gait

Rearing Arousal
Convulsions/Tremors Urination/Defecation
Grooming Gait score
Bizarre/Stereotypic behavior Backing

Time to first step (seconds)

SENSORY OBSERVATIONS

Approach response Touch response
Startie response Tail pinch response
Pupil response Eyebiink response
Forelimb extension Hindlimb extension
Air righting reflex Oifactory orientation

NEUROMUSCULAR OBSERVATIONS

Hindlimb extensor strength Grip strength-hind and forelimb
Hindlimb foot splay Rotarod performance

PHYSIOLOGICAIL OBSERVATIONS

Catalepsy Body weight

Body temperature
LOCOMOQTOR ACTIVITY

Locomotor activity observations were performed on six animals/sex/group

during the pretest week, the fourth week of test article administration and the last
week of the recovery period, (weeks -1, 3 and 5, respectively). The same six
animals/sex from the control and 1000 mg/kg/day groups were used for each
evaluation interval. Locomotor Activity, recorded after the completion of the FOB,
was measured auiomatically using the Digiscan ‘Micro’ Animal Activity System
(Omnitech Electronics, Inc., Columbus, OH 43228). This is a personal computer-

controlled system consisting of individual test chambers which utilize a series of
infrared photobeams surrounding a clear plastic, rectangular cage to quantify an
animal’s motor activity. The testing of treatment groups was done according to

replicate sequence. The activity system was operated in the Stagger Start mode of
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operation. Data were collected in one-minute epochs and the test session was 41
minutes in dvration for each animal. Aaimal placement into the activity cage in the
Stagger Start mode of operation initiated the data collection process. The first
epoch was often incomplete due to the placement of the animal in the activity cage.
For this reasun, the first minute of data was deleted. The remaining 40 minutes
of data collection (4, 10 minute subsessions) were compiled for tabular
presentation.

Locomotor Activity was divided into two categories: total and ambulatory
activity. Total motor activity was defined as a combination of fine motor skills
(i.e. grooming; interruption of one or two adjacent photobeams) and ambulatory
motor activity (interruption of three or more consecutive photobeams). Refer to
Appendix E for additional details on the motor activity methodology.

. CLINICAL PATHOLOGY

Blood samples for clinical pathology evaluations were taken from the vena cava
of all animals just prior to tie scheduled necropsy. The animals were fasted
overnight prior to necropsy and the collection of blood samples. Clinical pathology
methods, procedures and references are presented in Appendix F.

1. HEMATOLOGY
The following hematologic evaluations were conducted on blood samples
collected from all animals at the scheduled necropsies:

Total Leukocyte Count (White Cell) Differential Leukocyte Count
Erythrocyte Count (Red Cells) -Neutrophil
Hemoglobin -Lymphocyte
Hematocrit -Monocyte
Mean Corpuscular Volume (MCV) -Eosinophil
Mean Corpuscular Hemoglobin -Bascphil
(MCH) Prothrombin Time (Pro Time)
Mean Corpuscular Hemoglobin Activated Partial Thromboplastin
Concentration (MCHC) Time (APTT)
Platelet Count
Platelet Estimate®

RBC Morphology*

* = Presented only on individual tables
( ) = Designates tabular abbreviation
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ERUM CHEMISTRY
The following serum chemistry evaluations were conducted on blood
samples collected from all animals at the scheduled necropsies.

Glucose Gamma Glutamyitransferase
Blood Urea Nitrogen {Glutamyl Transfer)
Blood Creatinine Serum Aspartate Aminoiiznsferase
Total Protein (Aspartat Transfer)
Albumin Serum Alanine Aminotransferase
Albumin/Globulin Ratio (Alanine Transfer)

(A/G Ratio) Serum Alkaline Phosphatase
Globulin (Alkaline Phos’tse)
Calcium Sodium
Phosphorus Potassium
Chloride Total Cholesterol {Cholesterol;

Total Bilirubin (Total Bili)
( ) = Designates tabular abbreviation

N. PATHOLOGY
1. MACROSCOPIC EXAMINATION

A complete necropsy was conducted on all animals that were eutharized
at the end of the dosin period or following a two week recovery period. All
animals were euthanized by carbon dioxide asphyxiation and exsanguinated.

The necropsy included, but was not limited to, examination of the external
surface, all orifices and the cranial, thoracic, abdominal and pelvic cavities
including viscera. At the time of necropsy, the following tissnes and organs
were collected and preserved in 10% neutral buffered formalin:




Adrenals (2)* Lymph node (mesenteric)*

. )
Aorta Mammary gland (females only)
Bone with marrow (sternebrae)* Ovaries with oviducts (2)*
Bone marrow smear (from femur)* Pancreas
Bn.in (forebrain, midbrain, Peripheral nerve (sciatic)*

hindbrain)* Pituitary
Eyes with optic nerve (2) Prostate*
Gastrointestinal tract Salivary glands [submaxillary (2)]
Esophagus Seminal vesicles (2)*
Stomach* Skeletal muscle (vasius medialis)
Duodenum* Skin
Jejunum* Spinal cord (cervical, midthoracic,
Deum* lumbar)*
Cecum* Spleen*
Colon Testes with epididymides (2)*
Rectum Thymus*
Heart* Thyroids [with parathyroids if
Kidneys (2)* present (2)]
Liver (sections of two lobes)* Trachea*
Lungs [including bronchi, fixed by Urinary bladder*
inflation with fixative (2)]* Uterus with vagina*
Lymph node (mediastinal)* All gross lesions*

‘ * = Bone marrow smears were obtained at the scheduled necropsy but were
not placed in 10% neutral buffered formalin.
=  The testes and epididymides were preserved in Bouin’s solution.

b

2. ORGAN WEIGHTS
The following organs from animals euthanized at the week 4 primary and
week 6 recovery necropsies were weighed: '

Adrenals Liver
Brain Ovaries
Epididymides Spleen
Heart Testes
Kidneys Thymus

Paired organs were weighed together. Organ to final body weight ratios
were calculated.
MICROSCOPIC EXAMINATION

After fixation, specified tissues (designated with an asterisk in Section
IV.N.1.) were sent to Colorado Histo-Prep, Inc., Fort Collins, Colorado, for
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trimming and staining (hematoxylin-eosin). All tissues from the control and

high dose group animals designated with an asterisk in Section IV.N.1 and the

lungs, liver, kidneys, stomach and gross lesions from the low and mid dose

g-oup animals were examined microscopically. Microscopic examination of

these tissues was conducted by Camey B. Jackson, D.V.M., B.S. An. Sci.,

D.A.C.V.P.,,D.A.C.V.P.M., Assistant Director of Pathology and Veterinary

Medicin=, WIL Research Laboratories, Inc.

TATISTICAL METHQDS

All analyses were conducted using two-tailed tests for minimum significance
levels of 1% and 5% comparing the treatment groups tc the vehicle control group
by sex. All means were presented with standard deviations {8.D.) and the numbers
of sampling units (n) used to calcuiate the means. All statistical tests were
performed by a Digital® MicroVAX® 3470 computer with appropriate
programming. Analysis of body weight, body weight change, food consumption,
clinical pathology values, continuous functional observational battery (FOB) data
and absolute and relative organ weight data were subjected ic a one-way analysis
of variance, followed by Dunnett’s test’. Discontinuous (ordinal or descriptive)
FOB data were analyze! using Fisher’s exact test®. Statistical tests for locomotor
activity data were performed using a personal computer installed with SAS/STAT
statistical software®. Clinical labo-atory values for cell types that occur at a low
incidence (i.e., monocytes, eosinophils and basophils) were not subjected to
statistical analysis.
DATA RETENTION

The sponsor will he+ iitle to all documentation records, raw data, specimens
or other wor+ product .esernted during the performance of the study. All work
product inctuding raw paper data and specimens will be retained in the archives at
WIL Research I abora:ories, Inc., as per protocol.

Raw data in m~gnetic form, a retention sample of the test article and the
original final report will be retained in the archives at WIL Research Laboratories,
Inc., in compliance with regulatory requirements.
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V. RESULTS

A. CLINICAL OBSERVATIONS AND SURVIVAL
Summary Data: Tables 1,2, 3, 4, §
Individual Data: Tables 57, 58, 59, 60, 61

All animals survived to the scheduled necropsies.

No clinical signs which could be attributed 1o the test article were observed at
the clinical examinations performed at the time of dosing, one hour following
dosing, during the recovery period or prior to the scheduled necropsies. Clinical
findings in the treated groups occurred similarly in the control group and/or in a
limited number of animals. No relationship to the test article was evident.

- BODY WEIGHTS
Summary Data: Tables 6, 7
Individual Data: Tables 62, 63

Mean body weights in the treated groups were statistically comparable to the
control group means throughout the dosing and recovery periods, with the
following exception. Mean body weight in the 350 mg/kg/day group females was
significantly (p <0.05) increased on week 2. Mean body weight gains in all treated
groups were statistically comparable to the control group values throughout the
dosing period. During the recovery period (weeks 4-5 and 5-6), mean body weight
gain in the 1000 mg/kg/day group males was reduced (statistically significant at
P <0.01 for week 4-5) in comparison to the male control group mean. However,
these decreases were not attributed to treatment as no test article-related effects on
body weight were noted during the dosing period. In the 1000 mg/kg/day group
females, mean body weight gains were statistically comparable to the control group
values during the recovery period.

- FOOD CONSUMPTION
Summary Data: Table 8
Individual Data: Table 64

Food consumption, evaluated as g/animal/day, was not affected by test article

administration at any dose leve!. The only statistically significant (p<0.05 or
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P<0.01) differences from the control group were slight increases in food
consumption in the 125 and/or 350 mg/kg/day group females during the first two
weeks of test article administration. However, the values were comparable to their
respective pretest values and decreases, rather than increases, in food consumption

are generally considered to be toxicologically significant; no relationship to

treatment was evident. All other food consumption values in the treated groups

were similar to the control group values.

D. FUNCTIONAL OBSERVATIONAL BATTERY

1.

HOME CAGE OBSERVATIONS

Summary Data: Tabies 9, 10, 11, 12, 13, 14
Individua! Dxta: Tables 65, 66, 67
Historical Control Data: Appendix G

No remarkable differences were apparent between the control and treated
groups when the home cage observations were evaluated during study weeks
-1 {pretest period), 3 and S (recrvery period).
HANDLING OBSERVATIONS
Summary Data: Tables 15, 16, 17, 18, 19, 20
Individual Data: Tables 68, 69, 70
Historical Control Data: Appendix G

No remarkable differences were apparent between the control and treated
groups when the handling observations were evaluated during study weeks -1
(pretest period), 3 and 5 (recovery period).
OPEN FIELD OBSERVATIONS
Summary Data: Tables 21, 22, 23, 24, 25, 26
Individual Data: Tables 71, 72, 73
Historical Control Data: Appendix G

N remarkable differences were apparent between the control and treated
groups when the open field observations were evaluated during study weeks -1
(pretest period), 3 and 5 (recovery period).
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4. SENSORY OBSERVATIONS

Summary Data: Tables 27, 28, 29, 30, 31, 32
Individual Data: Tables 74, 75, 76
Historical Control Data: Appendix G

No remarkable differences were apparent between the control and treated
groups when the sensorimotor observations were evaluated during study weeks
-1 (pretest period), 3 and 5 (recovery period).
NEUROMUSCULAR OBSERVATIONS
Summary Data: Tables 33, 34, 35, 36, 37, 38
Individual Data: Tables 77, 78, 79
Historica! Control Data: Appendix G

No test article-related differences were apparent between the control and
treated groups when the neuromuscular responses were evaluated during study
weeks -1 (pretest period), 3 and 5 (recovery period). The only statistically
significant (p<90.01) differences from the control group were decreased
hindlimb grip strengths in the 125 and 1000 mg/kg/day group females at the
week 3 evaluat'on. However, similar values were observed for these groups
during the pre: - : evaluation and the 1000 mg/kg/day group female mean at the
week § recovery evaluation was comparable to the control group value;
ther=7:re, the decreases could not be attributed to the test article.
£HYSIOLOGICAL OBSERVATIONS
Summary Data: Tables 39, 40, 41
Individual Data: Tables 80, 81, 82
Histoiical Control Data: Appendix G

No remarkable differences were apparent between the control and treated
groups when the physiological parameters were evaluated during study weeks
-1 (pretest period), 3 and 5 (recovery period).




E. LOCOMOTOR ACTIVITY
Summary Data: Tables 42, 43, 44
Individual Data: Tables 83, 84, 85
Histonical Control Data: Appendix H

F.

No remarkable differences in mean ambulatory and total motor activity values

in the 125, 350 and 1000 mg/kg/day group males and females were observed
during study weeks -1 (pretest period), 3 and 5 (recovery period).

CLINICAL PATHOLOGY

1.

HEMATOLOGY
Summary Data: Tables 45, 46, 47
Individual Data: Tables 86, 87, 88, 89, 90, 91

No test article-related effects on hematology parameters were observed at
the week 4 primary or week 6 recovery evaluations. A slight increase in mean
activated partial thromboplastin time (APTT) in the 1000 mg/kg/day group
males was statistically significant (p<0.05) when compared to the control

group value at the week 4 evaluation. However, APTT increases of this
magnitude are not considered to be toxicologically significant. A statistically
significant (p <0.01) decrease in mean prothrombin time occurred in the 1000
mg/kg/day group females at the week 4 evaluation. However, increases,

rather than decreases, in prothrombin time are gener. !lv considered to be
toxicologically significant. No other remarkable differences in hematology
parameters were observed.
SERUM CHEMISTRY
Summary Data: Tabic 48
Individual Data: Table 92, 93
Historical Control Data: Appendix 1

No adverse effects related to test article administration on ser. ... chemistry
parameters were observed at any dose ievel at the 28 day primzry necropsy or

the 42 day recovery necropsy.




Scattered instances of statistically significant differences between treated
and control animals were detected for some serum chemistry parameters at the
28 day primary necropsy. These scattered statistical differences were not
considered an adverse effect of the test article because the statistical differences
occurred: in the absence of a duse respomse; in the absence of the
accompanying clinical chemistry changes expected (i.e. the increase in total
plasma protein in mid and high dose males and high dose females was not
accompanied by an increase in hematocrit and total red blood cell count
numbers); in the opposite direction from what occurs in a toxic state (i.e. the
increase in globulin and albumin/globulin ratio in mid dose males and the
increase in albumin in high dose females where a decrease in these parameters
is indicative of toxicity); in a direction which is without physiologic
significance (i.e. the decrease BUN and creatinine in mid dose females, the
decrease in serum alanine aminotransferase and aspariate aminotransferase in
low, mid and high dose males and mid and high dose males, respectively); due
to interference with the laboratory method (i.e. the increase in ser.m chloride
in mid and high dose males and in low, mid and high dose females - free
bromine in the test article can artificially elevate chloride by reacting in the
laboratory method as free chloride anions). Additionally, although detected as
statistically different from concurrent control values, the absolute change in the
measvred parameters were small and within the range of historical cantrol
values for this species, strain, sex and laboratory (i.e. total plasma protein and
the albumin/globulin ratio in mid dose males, cholesterol in mid and high 3ose
females, serum glucose in high dose females, serum calcium in high dose
females).

No statistically significant differences in serum chemistry parameters were
detected between groups at the 42 day recovery necropsy.




MACROSCOPIC EXAMINATION
Summary Data: Tables 49, 50
Individual Data: Table- 94, 95

Nc test article-related gross lesions were observed at the week 4 primary
necropsy or at the week 6 recovery necropsy. Gross lesions in the controi and
treated groups occurred with similar frequency or were observed in single
animals.
ORGAN WEIGHTS
Summary Data: Tables 51, 52, 33, 54
Individual Data: Tables 96, 97, 98, 99

No statistical significant differences in organ weight or organ to body
weight ratios were detected between control and treated animals with one
exception. Absolute liver weights were statistically significantly increased with
respect to control mesars at the 28 day primary necropsy in males in the high
dose and females in the mid and high dose. Liver to body weight ratios in mid
and high dose males and low, mid and high dose females were statistically
significantly increased at the 28 day necropsy. At the recovery necropsy, mais
absolute and liver to bedy weight rato were statistically comparable to the
control mean at the recovery ne<ropsv whereas female absolute liver weights

and liver tc oody weight ratio were statisticaily significantly increased with

respect to control mean. The dii‘erence in absolute liver weights between

control and treated females was less prorcunced at the end of the recovery
period, indicating the increase in live: weigint was reversible in females as well
as males. In the absence of test articie related aistopathclogic and serum
chemistry chang=s, increases in liver waight are considered an adaptive, rather
than a toxic response, are not uncommon in the rat, and are most likely the

resuit of microsomai induction.
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3. MICROSCOPIC EXAMINATION
Summary Data: Tables 55, 56
Individual Data: Tables 94, 95
No test article-related histopathological lesions were observed at *he week
4 primary or week 6 recovery necropsies. Lesions noted in the treated groups

occurred in a limited number of animals, in a manner which was not dose-
related, or with similar frequency in the control group.
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SION L

All animals survived to scheduled necropsy. No clinical signs related to test article
administration were observed.

No test article-related effects on body weigh:, body weight gain, food consumption,
functional observation battery or locomotor activity were found in either sex at any dose
during either the 28 day dosing interval or during the 14 dzy recovery period.

No test article-related adverse effects on serum chemistry or hematology parameters
were detected during the study. No test article-related gross or microscopic lesions
were found at any dose level in either sex at either necropsy.

Absolute and relative organ weights were unaffected by test article administration
with the exception of liver weight. Absolute liver weight was statistically increased at
the 28 day necropsy in males of the high dose and in females at the mid and high dose;
relative liver weights were increased in the mid and high dose males and in low, mid
and high dose females. At the day 42 recovery necropsy, male absolute and relative
liver weight were statistically comparable to the control mean. Female absolute and
relative liver weight was statistically increased relative to the control mean at the
recovery necropsy. This difference was less pronounced than at the 28 day necropsy,
which indicates the increase in female liver was reversible as was the male liver weight.
Increases in liver weight in the absence of test article-related changes in serum
chemistry and histopathoiogy are likely the resuit of microsomal induction, which is an
adaptive response in the rat and not evidence of toxicity.

In conclusion, no evidence of systemic toxicity was observed at any dose level or
time point. Based on the results of this study the NOAEL (No Observed Adverse
Effect Level) of HBCD administered orally to male and female rats for 28 consecutive
days was 1000 mg/kg/day.
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Study animals were pre-designated for euthanization either at the end of the dosing
period (week 4) or following a two-week recovery period (week 6). All animals were
euthanized by carbon dioxide asphyxiation and exsanguinated. A complete macroscopic
examination was performed on each study animal that included, but was not limited to,
the external surfaces, all orifices and cranial, thoracic, abdominal and pelvic cavities
including viscera. No test article-related external or internal findings were noted at the

week 4 primary or the week 6 recovery necropsies. ‘
Specified tissues (refer to section IV.N.1.) were preserved in 10% neutral buffered

formalin and prepared of microscopic evaiuation by Colorado Histo-Prep, Inc., Fort
Collins, Coiorado. Microscopic examination of the tissues was performed by Camey B.
Jackson, D.V.M., B.S. An. Sci., D.A.C.V.P., D.A.C.V.P.M., Assistant Director of
Pathology and Veterinary Medicine, WIL Research Laboratories, Inc.

Findings (lesions) in the test article-treated groups occurred either in a limited
number of animals, in a manner which was not dose-related or with similar frequency in
the control group.

In conclusion, under the conditioas of this study, no test article-related macroscopic
or microscopic findings (lesions) were apparent at any dose leve! at the week 4 primary

and week 6 recovery necropsies.
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Camey B. §ackson, D.V.M., B.S. An. Sci., Date
D.AC.V.P,,D.ACVPM.

Assistant Director of Pathology and Veterinary Medicine

Study Pathologist
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. IX. QUALITY ASSURANCE UNIT STATEMENT

Date(s) F'mdmgs Date(s) Findings
Date(s) of Reported to
—lignection(s).., _lnmﬂ_ m —Management
5/17/96 Test Material Preparation and
Analysis 5/17/96 6/20/96
5/28/96 Animal Care & Equipment 5/28/96 6/20/96
6/11/96 Fuactional Observational Battery 6/11/96 7/30/96
- 6/14/96 Blood Collection & Analysis 6/14/96 7/30/96
6/14/96 Necropsy 5/14/96 7/30/96
9/24/96 Study Records Vol. I-1 9/26/96 10/24/96

9/23, 24, 26, 27/96 Study Records Vols. I-2 & I-3 9/27/96 10/24/96
9/24/96 Study Records Vol. I4 9/26/96 10/24/96
9/25/96 Study Records Vol. Rx-1 9/26/96 10/24/96
9/25/96 Study Records Vol. N-1 9/26/96 10/24/96
9/26/96 Study Records Vols. C-1, 2, 3 9/26/96 10/24/96
10/10/96 Study Records Vol. H/P-1 10/10/96 11/26/96
10/14/96 Draft Report (Appeadix B only) 10/14/96 11/26/9
9/26, 1073, 4, 6, 7,

14, 20, 21/96 Drait Report (w/o Appendix B) 10/21/96 11/26/9

. The study was conducted and inspected in accordance with the United States EPA Good
Laboratory Practice Regulations, the OECD Principles of Good Laboratory Practice, the
Standard Operating Procedures of WIL Research Laboratories, Inc., and the protocol.
Quality Assurance findings, derived from the inspections during the conduct of the study

L el el Ak
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reported to the study director. A status report is submitted to management monthly.
The raw data, retention sample(s), if applicable, and the final report in the Archives ai
WIL. Research Laboratories, Inc., or another location specified by the sponsor.

Manager of Quality Assurance




Colorado Histo-Prep, Inc.
Post Office Box 270733 e Fort Collins, CO 80527 » 970-393-2660
CH-P Study # 1948

Client’s Study #WIL-186004

UALITY NC

This study has been conducted in accordance with the EDPA Health Effects
Test Guidelines (40 CFR Part 792) and the OECD GLP’s, C(81) 30 (Final) Annex
2, including appropriate SOP’s and designated recording requirements.

The study was inspected by a member of the Quality Assurance Unit anc
reported to the Project Director and Management as recorded below.

Comparisons were made between the raw data and the final report, and
they were found to be in agreement. All records were reviewed to assure that
any problems found during the course of a Quality Assurance Inspection were
corrected and properly documented.

DATE = PROJECT
PHASE REVIEWED REVIEWED BY REVIEWED DIRECTOR  MANAGEMENT
Tissue receipt in file Aimee Kramer 07-12-96 10-18-96 10-18-96
Protocol reviewed Aimee Kramer 07-11-96 10-18-96 10-18-96
Tissue list compared to
protocol Aimee Kramer 07-11~-96 10-18-96 10-18-96
Animal numbers, =ex,
necropsy dates rsviewed Aimee Kramer 07-12-96 10-18-96 10-18-9%96
Trimming Aimee Kramer 07-15-96 07~15~56 07-15~96
Embedding Aimee Kramer 07-19-96 07-19-96 07-19-%6
Microtomy Aimee Kramer 07-25-96 07-25=396 07-25-96
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