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SUMMARY

This range-finding study was conducted to evaluate the potential effects of nickel
sulfate hexahydrate when administered orally to rats over the course of one
generation. The study consisted of a vehicle control and five treatment groups,
with eight males and eight females in each group. The test article was dissolved
in reverse osmosis-deionized (RO-Di) water and administered at dosage levels of
10, 20, 30, 50 and 75 mg/kg/day, by once daily oral gavage, to FO parental
animals and selected F1 offspring. Dosing of the FO parental animals began two
weeks prior to mating. Dosing of the F1 offspring began on postnatal
day (PND) 22. For both generations, daily dosing was continued until the day prior
to or the day of scheduled euthanasia. All doses were given at a constant volume
of 10 mL/kg. Control animals were administered RO-Di water under the same
experimental conditions at an equivalent dose volume.

Both FO parental animals and F1 offspring were closely examined for indications
of toxicity. Experimental endpoints for FO animals included clinical observations,
body weights, food and water consumption, mating, parturition, lactation and
offspring growth and viability. Experimental endpoints for selected F1 animals
included survival, clinical observations and body weights during the F1 dosing
phase. All FO and F1 selected animals were subjected to a gross necropsy
examination at the time of death or terminal euthanasia.

Oral administration of the test article had no effect on FO survival, growth, mating
behavior, copulation, fertility, precoital intervals, gestation lengths or gross
necropsy findings. The incidence of dead pups on lactation day 0 was significantly
increased and mean live litter size was significantly decreased at the 75 mg/kg/day
level. Mean post-implantation loss was significantly increased at dosage levels
> 30 mg/kg/day. Growth of surviving F1 pups during lactation appeared to be
unaffected. Administration of the test article to selected F1 animals beginning on
postnatal day 22 had no effect on survival or growth of the animals for several
weeks following weaning.

In conclusion, based on the results of this one-generation reproduction
range-finding study, dosage levels of 1.0, 2.5, 5.0 and 10.0 mg/kg/day were
selected for a definitive two-generation reproduction study in rats.
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l. INTRODUCTION

This report details the experimental procedures and results of a one-generation
reproduction range-finding study in rats with nickel sulfate hexahydrate. The study
was authorized by NiPERA, Inc., Durham, North Carolina, and was conducted at
Springborn Laboratories, Inc. (SLI), 640 North Elizabeth Street, Spencerville, Ohio.
The Sprague-Dawley rat was selected as the experimental model since this
species/strain has a proven sensitivity to a variety of agents and provides a
suitable animal model for testing chemicals and drugs for human risk assessment.
Oral administration of the test article was selected since this is a potential route of
human exposure. The protocol was signed by the Study Director on July 9, 1998
(GLP initiation date). The in-life phase of the range-finding study was initiated on
August 4, 1998, and concluded on October 30, 1998.

Prior to initiation of the range-finding study, a preliminary probe study was
conducted in rats to aid in dosage level selection for the range-finding study. The
preliminary probe study was initiated on July 14, 1998, and concluded on
July 28, 1998. The experimental methods and results of the preliminary probe
study are provided in Appendix A.

Il. OBJECTIVE

This range-finding study was conducted to evaluate the potential effects of nickel
sulfate hexahydrate when administered to rats by oral gavage over the course of
one generation. Data from this study were used to select dosage levels for a
two-generation reproduction study in rats.

lll. MATERIALS AND METHODS

A. Experimental Protocol

The study protocol, protocol amendments and protocol deviations/occurrences
are presented in Appendix B.
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B. Test Article and Vehicle Control Material

1.

Test Article Receipt, Identification and Storage

The test article was received from Aldrich Chemical Company and identified
as follows:

Assigned Physical Receipt
Sponsor’s ID SLIID Description Date
Nickel(ll) Sulfate Hexahydrate = $98.001.3472  Blue-green  07/08/98
(CAS No. 10101-97-0) crystalline
Lot No. 08516TQ powder

A one gram retention sample of the test article was taken and stored at SLI.
The retention sample and remaining test article were stored at ambient
temperature in a tightly closed container. The purity of the test article was
99%. Documentation concerning chemical identification, purity, strength,
stability and other required data was the responsibility of the Sponsor. A
Certificate of Analysis for the nickel sulfate hexahydrate, as provided by the
Aldrich Chemical Company, is included in Appendix C.

. Vehicle Control Material

The vehicle control material used in the preparation of the dosing solutions
and for administration to control animals was reverse osmosis-deionized
(RO-Di) water from the SLI Pharmacy source.

Dose Preparation

For each test article dose group, a specified amount of nickel sulfate
hexahydrate was weighed into a weigh boat and placed in a volumetric
flask. A sufficient quantity of RO-Di water was added to the flask to achieve
the desired volume and the mixture was stirred for 15 minutes. Each test
article solution was prepared once every 21 days and stored refrigerated
(approximately 2 to 8°C) in amber glass containers. During each fresh
preparation, RO-Di water was dispensed into daily aliquots for
administration to control animals. The physical state of the control and
each dosing solution was recorded during each preparation. The vehicle
(group 1) was a clear colorless solution; group 2 was a clear, very pale
blue-green solution; groups 3 and 4 were clear, pale blue-green solutions;
and groups 5 and 6 were clear, light blue-green solutions. Daily aliquots of
the dosing solutions were allowed to equilibrate to room temperature prior
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to dispensing. The dosing solutions were stirred prior to dispensation and
then continuously until dosing was complete.

4. Homogeneity, Stability and Concentration Analyses

Homogeneity of the test article in the vehicle was evaluated by analyzing
duplicate 10 mL samples from the top, middle and bottom of the 0.1 and
7.5 mg/mL concentrations. Stability of the test article in the vehicle was
assessed by analyzing duplicate 10 mL samples obtained from the middle
of the 0.1 and 7.5 mg/mL concentrations following 24 hours of room
temperature storage, and following 7, 14, and 21 days of refrigerated
storage. In addition, duplicate 10 mL samples were obtained from the
vehicle and each test article dosing mixture at the first preparation for
verification of test article concentration. The analytical samples were
packed in ice and shipped to Lancaster Laboratories, Lancaster,
Pennsylvania, for analysis by atomic absorption. The results of the
analyses are included in Appendix C.

C. Animals and Animal Husbandry

Animal housing and care were based on the standards established by the
Association for Assessment and Accreditation of Laboratory Animal Care,
International (AAALAC) and the guidelines set forth in the Guide for the Care
and Use of Laboratory Animals, NIH Publication No. 96-03, 1996.

1. Animal Receipt, Identification and Housing

Seventy male and seventy female Sprague-Dawley Crl:CD®(SD)IGS BR
rats were received at SLI1 on July 9, 1998, from Charles River Laboratories,
Inc., St. Constant, Quebec, Canada, for the preliminary probe and
range-finding studies. At the time of receipt, each rat was identified with a
metal ear tag displaying a unique number. Animals were housed
individually (except during cohabitation for mating) in stainless steel cages
suspended above cage-board or plastic nesting boxes (FO females) for
parturition and lactation. A cage card displaying the study, group and
animal numbers, and sex was affixed to each cage. The cage cards were
color-coded based on group number following group assignment.

2. Acclimation

Animals were examined upon receipt and daily thereafter during
acclimation for signs of physical or behavioral abnormalities. General
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health/mortality checks were performed twice daily, in the morning and
afternoon. Individual body weights were recorded on the day following
receipt and just prior to randomization on day -1. The animals were
acclimated to the laboratory conditions for 25 days prior to randomization.

3. Diet and Drinking Water

PMI Certified Rodent Chow® #5002 (Purina Mills, Inc.) and municipal tap
water were provided to each animal ad libitum. The feed was analyzed by
the supplier for nutritional components and environmental contaminants.
The lot number and expiration date of each batch of feed used during the
study were recorded. The tap water was purified by reverse osmosis and
supplied to the animals by an automatic watering system or in water bottles
for measurement of water consumption. Water supplying the facility is
analyzed on an annual basis for contaminants according to SLI Standard
Operating Procedures. The results of the feed and water analyses are
maintained at SLI. Within generally accepted limits, there were no
contaminants in the diet or drinking water which would interfere with the
conduct of the study.

4. Environmental Conditions

The environmental controls in the animal room were set to maintain room
temperature and relative humidity ranges of 65 to 79°F and 30 to 70%,
respectively. Environmental control equipment was monitored and adjusted
as necessary to minimize fluctuations in the animal room environment.
Light timers were set to maintain a 12-hour light/12-hour dark cycle and the
room ventilation was set to produce 10 to 15 air changes per hour. The
room temperature and relative humidity were recorded a minimum of once
daily.

D. Experimental Procedures

1. Study Group Design

The following table presents the study group design and dosage levels
tested:
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Dosage Dosage Dosage
No. of Animals Level Conc. Volume
Group Male Female Dosage Material (mg/kg/day)  (mg/mL)  (mL/kg)
1 8 8 RO-Di Water 0 0 10
2 8 8 Nickel Sulfate Hexahydrate 10 1.0 10
3 8 8 Nickel Sulfate Hexahydrate 20 2.0 10
4 8 8 Nickel Sulfate Hexahydrate 30 3.0 10
5 8 8 Nickel Sulfate Hexahydrate 50 5.0 10
6 8 8 Nickel Sulfate Hexahydrate 75 7.5 10

2. Rationale for Dosage Level Selection

Dosage levels were selected in an attempt to produce graded responses
to the test article. Dosage levels were selected based on the results of the
preliminary probe study conducted in rats (see Appendix A).

3. Randomization and Group Assignment

On day -1, the animals were weighed and examined in detail. Animals
determined to be suitable test subjects were randomly assigned to groups
using a computer randomization program. The program ranked the animals
according on day -1 body weights and randomly assigned the animals to
study groups in a stratified block design. Disposition of animals not
assigned to the study was documented in the study records. On the day
following receipt, the animals were approximately 11 weeks of age with
body weights ranging from 269 to 360 grams for males and from 187 to
247 grams for females.

4. Treatment

Dosing preparations were administered orally, by gavage, as a single dose
daily to FO parents and selected F1 offspring. Individual doses were
adjusted based on the most recent body weight data. Dosing for
FO parental animals was initiated 14 days prior to mating and dosing for
F1 offspring was initiated on postnatal day 22. Dosing continued until the
day prior to or the day of scheduled euthanasia.

5. Breeding

Following 14 days of treatment for the FO parental animals, each female
was cohabited with a single male randomly selected from the same
treatment group. Each mating pair was observed daily for evidence of
copulation. Evidence of mating was determined by the presence of a
copulatory plug in the vagina or a sperm positive vaginal smear. The day
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evidence of copulation was confirmed was designated as day 0 of gestation
and the female was returned to its cage. If no evidence of copulation was
observed after 14 days of mating, the female was separated from the male.

E. FO Parameters Evaluated

1.

FO Clinical Observations

Mortality/general health checks were performed twice daily, in the morning
and afternoon. Detailed clinical observations were performed weekly and
cage-side observations were performed daily approximately one-half hour
to two hours following dosing. During gestation and lactation, detailed
clinical observations were performed daily for FO females. Detailed clinical
observations were also performed on the day of scheduled euthanasia.

FO Body Weights

Individual body weights were recorded weekly and on the day of scheduled
euthanasia for the males. Individual body weights were recorded weekly
for the females until evidence of mating was observed. When positive
evidence of mating was detected, the females were weighed on gestation
days 0, 7, 14 and 20. Following parturition, the females were weighed on
lactation days 1, 4, 7, 10, 14 and 21. Body weights were recorded weekly
and on the day of scheduled euthanasia for females with no positive
evidence of mating.

FO Food and Water Consumption

Individual food and water consumption were recorded weekly forthe males,
except during cohabitation. Food and water consumption were not
recorded while the animals were paired for breeding. Food and water
consumption were recorded weekly for the females until evidence of mating
was observed. When positive evidence of mating was detected, food and
water consumption were recorded for the females on gestation days 0, 7,
14 and 20. Following parturition, food and water consumption for the
females were recorded on lactation days 1, 4, 7 and 10. Food and water
consumption were recorded weekly for females with no positive evidence
of mating. Both food and water consumption were calculated as
grams/animal/day.
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4. FO Parturition and Lactation

On gestation day 18, females with confirmed copulation were transferred
to individual plastic boxes containing nesting material. Each female was
observed for signs of parturition a minimum of twice daily. The time
parturition was first detected and the time parturition was completed were
recorded, when possible. Signs of difficult or prolonged delivery were
recorded, if observed. The day on which parturition was judged complete
was designated as lactation day 0. The females and their offspring
remained together until lactation day 21. Abnormal nursing and nesting
behaviors were recorded, if observed. The offspring were designated as
the F1 generation. Females with no evidence of mating were examined for
parturition beginning 19 days following initiation of cohabitation.

5. FO Euthanasia and Necropsy

All animals were subjected to an abbreviated gross necropsy at the time of
death or euthanasia. Females that were found dead during the study were
necropsied. The necropsy examination included evaluation of the external
surfaces of the body and major tissues and organs in the thoracic,
abdominal and pelvic cavities. Uterine contents were examined and the
number of implantation sites and number of corpora lutea on each ovary
were recorded. The number of implantation scars was recorded. All
abnormalities were recorded and no tissues were retained at necropsy.
Pups from dams found dead were euthanized and discarded without
necropsy.

Surviving females were euthanized by carbon dioxide (CO,) inhalation.
Dams that delivered and weaned their offspring were euthanized on
lactation day 21. Females that failed to deliver were euthanized 25 days
after evidence of mating was first detected (post-breeding day 25).
Females with no evidence of mating were euthanized 25 days following
conclusion of the mating period (post-breeding period day 25). Females
with total litter loss were euthanized and necropsied on the day that no
surviving pups remained. The necropsy examination included evaluation
of the external surfaces of the body and major tissues and organs in the
thoracic, abdominal and pelvic cavities. Uterine contents were examined
and the number of implantation scars was recorded. Uteri with no
macroscopic implantations were opened and placed in 10% aqueous
ammonium sulfide solution for detection of early embryolethality as
described by Salewski[1]. The number of implantation scars was recorded.
All abnormalities were recorded and no tissues were retained at necropsy.
All males (euthanized moribund and surviving) were euthanized by CO,
inhalation. Surviving males were euthanized following completion of female
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parturition. The necropsy examination included evaluation of the external
surfaces of the body and major tissues and organs in the thoracic,
abdominal and pelvic cavities. No tissues were retained at necropsy.

Parameters Evaluated

. F1 Pup Identification

On lactation day 0, each viable pup was identified with a tail tattoo.
Nonviable pups were identified with indelible marker on lactation day 0.

F1 Standardization of Litter Size

Following observations and body weights on lactation day 4, each litter was
randomly culled to a maximum of eight pups, four per sex per litter, when
possible. The culled pups were euthanized by CO, inhalation and
discarded without necropsy.

F1 Litter Data

Pup viability was determined daily throughout lactation. A detailed
examination of each pup was performed on lactation days 0, 4, 7, 14 and
21. The sex of each pup was determined on lactation day 0 and verified on
lactation days 4, 7, 14 and 21. Individual pup weights were determined on
lactation days 1,4, 7, 14 and 21. Intact (honcannibalized) pups which were
found dead during lactation were necropsied. During necropsy, emphasis
was placed on the examination of developmental morphology. No tissues
were retained at necropsy.

Selection of F1 Animals

Between postpartum days 6 and 13, eight pups per sex per group were
randomly selected for the F1 dosing phase. Each pup was examined
externally and the sex was verified prior to selection. Clinical observations
recorded prior to selection are maintained in the study records. When
possible, one male and one female pup were selected from each litter.
Selected animals were identified with metal ear tags displaying unique
numbers and transferred to stainless steel cages. The selected
F1 weanlings were gang-housed (two or three/sex/group/cage) for three
days to allow the animals to become accustomed to the automatic watering
system. The F1 rats were then single-housed for the remainder of the
growth phase. Mortality/general health checks were performed twice daily,
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in the morning and afternoon. Nonselected F1 pups were euthanized by
CO, inhalation and discarded without necropsy.

5. Selected F1 Clinical Observations

Mortality/general health checks were performed twice daily, in the morning
and afternoon. Detailed clinical observations were performed weekly and
cage-side observations were performed daily approximately one-half hour
to two hours following dosing. Detailed clinical observations were also
performed on the day of scheduled euthanasia.

6. Selected F1 Body Weights

Individual body weights were recorded weekly and on the day of scheduled
euthanasia.

7. Selected F1 Euthanasia and Necropsy

Following conclusion of F1 dosing, all animals were euthanized by CO,
inhalation and subjected to an abbreviated gross necropsy at scheduled
euthanasia. The necropsy examination included evaluation of the external
surfaces of the body and major tissues and organs in the thoracic,
abdominal and pelvic cavities. All abnormalities were recorded and no
tissues were retained.

IV. STATISTICAL ANALYSES

Body weights, body weight gain, food consumption, water consumption, gestation
length and mean live litter size were analyzed by One-Way Analysis of Variance
(ANOVA) [2]. If significance was observed with ANOVA, control to treatment
group comparisons were performed using Dunnett's test [3]. Count data were
analyzed using Chi-Square test [4] for copulation and fertility indices, pup sex
ratios, the number of live and dead pups per group (on lactation day 0) and pup
survival (after lactation day 0). The Mann-Whitney U test was used to compare
post-implantation loss [5]. All analyses were two-tailed with a minimum
significance level of 5% (p<0.05).
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V. MAINTENANCE OF RAW DATA AND RECORDS

The remaining test article will be properly disposed of following completion of all
testing with this compound. All original paper data, magnetically encoded records
and the final report will be transferred to the SLI archives and stored for a
minimum of ten years. The Sponsor will be consulted prior to final disposition of
these items.

VI. RESULTS

A. Analytical Chemistry Evaluations
Appendix C (Analytical Chemistry Results)

Analytical chemistry analyses demonstrated that the test article was
homogeneous and stable in aqueous solution at concentrations of 0.1 and
7.5 mg/mL following room temperature storage for 24 hours, and following
refrigerated storage for up to 21 days. With regard to homogeneity in the
vehicle, mean analytical concentrations were all within 10% of the respective
target concentrations for samples taken from the top, middle and bottom of the
0.1 and 7.5 mg/mL solutions. Similarly, mean analytical concentrations for
stability samples from the 0.1 and 7.5 mg/mL solutions were all within 10% of
the respective target concentrations after 24 hours of room temperature
storage, and after 7, 14 and 21 days of refrigerated storage. Analysis of the
first dosing solutions prepared for the study resulted in average test article
recoveries ranging from 104.2 to 106.8%. No test article was detected in the
vehicle control solution.

B. FO Generation

1. FO Survival and Clinical Observations

Table 1 (Summary Data)
Appendix D (Individual Data)

One control male (#17035) was euthanized moribund following a gavage
error, and one 20 mg/kg/day female (#177) died as a result of an accidental
injury sustained during handling. The control male exhibited a perforation
of the esophagus at necropsy. The 20 mg/kg/day female was dropped on
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the animal room floor after it bit the technician during dosing. Gross
necropsy of this female revealed brain hemorrhage, abnormal contents in
the thoracic cavity and trachea, and wet matting on the haircoat.

One 10 mg/kg/day female (#229) was euthanized on lactation day 0, and
two 75 mg/kg/day females (#213 and #245) were euthanized on lactation
days 2 and 1, respectively, due to total litter loss. All other FO animals
survived to scheduled euthanasia. Clinical observations in the FO animals
were generally unremarkable.

2. FO Body Weights and Weight Gain

Tables 2-7 (Summary Data)
Appendices E-J (Individual Data)

There were no toxicologically meaningful differences in FO body weights or
weight gain during the study. In FO females, mean body weight and weight
gain were comparable among the groups prior to mating and throughout the
gestation and lactation phases. In FO males, mean body weights were
comparable among the groups throughout the study, while weight gain was
significantly different from controls only during weeks 2-3 in the
50 mg/kg/day group. This difference was not considered toxicologically
meaningful since weight gain at the 75 mg/kg/day level remained
unaffected.

3. FO Food and Water Consumption

Tables 8-13 (Summary Data)
Appendices K-P (Individual Data)

There were no toxicologically meaningful differences in FO food or water
consumption during the study. No statistically significant values were
detected for either food or water consumption, in either males or females.

4. FO Reproduction Indices, Precoital Intervals and Gestation Lengths
Table 14 (Summary Data)
Appendices Q and R (Individual Data)
Appendix CC (SLI Historical Control Data)

There were no statistically significant differences in copulation or fertility
indices among the groups. The fertility index was 100% in each group; the
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copulation index was 87.5% in the 50 mg/kg/day group and 100% in each
of the remaining groups.

No statistically significant differences were observed in group mean
precoital intervals or gestation lengths. Mean precoital intervals ranged
from 2.1 to 3.5 days; mean gestation lengths ranged from 22.0 to
22.5 days.

FO Gross Necropsy Observations

Table 15 (Summary Data)
Appendix S (Individual Data)

Gross necropsy findings were generally unremarkable in FO animals which
survived. Those findings which were noted tended to be of low incidence
and randomly distributed among the groups.

FO Implantation and Post-Implantation Loss Data

Table 16 (Summary Data)
Appendix T (Individual Data)
Appendix CC (SLI Historical Control Data)

Post-implantation loss, calculated as implantation scar count minus live
pups on lactation day 0, was significantly increased at the 30, 50 and
75 mg/kg/day levels. Post-implantation loss was also noticeably higher
than controls at the 10 and 20 mg/kg/day levels, but was not significantly
different from the control group. In addition, the post-implantation loss at
the 20 mg/kg/day level (1.5 £ 1.6) remained within the historical range of
0.88 - 2.30 for FO litters. The post-implantation loss at the 10 mg/kg/day
level (2.6 £ 5.4) was primarily attributable to one female with total litter loss.

Generation

. F1 Pup Viability

Table 17 (Summary Data)
Appendix U (Individual Data)
Appendix CC (SLI Historical Control Data)

Mean live litter size on day 0 was significantly decreased at the
75 mg/kg/day level. The incidence of dead pups on day 0 was significantly
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increased at the 75 mg/kg/day level. Significant increases in the incidence
of dead pups on lactation day O were also observed at the 10, 20 and
30 mg/kg/day levels, but not at the 50 mg/kg/day level, suggesting that the
former statistical differences were incidental. Pup viability at the
75 mg/kg/day level continued to decline and was significantly lower than
controls on lactation day 4 prior to culling. After culling on lactation day 4,
pup viability appeared to stabilize at the 75 mg/kg/day level.

2. F1 Pup Observations during Lactation

Table 18 (Summary Data)
Appendix V (Individual Data)

F1 pup observations during lactation were generally unremarkable.
Individual findings tended to be randomly distributed among the groups,
with no apparent dose-response pattern(s) emerging.

3. F1 Pup Body Weights during Lactation
Table 19 (Summary Data)
Appendix W (Individual Data)
Appendix CC (SLI Historical Control Data)

There were no statistically significant or toxicologically meaningful
differences in F1 pup body weights during lactation.

4. F1 Pup Gross Necropsy Observations

Table 20 (Summary Data)
Appendix X (Individual Data)

In pups which were found dead on lactation day 0, the most notable gross
necropsy observations consisted of atelectasis and absence of milk in the
stomach, suggesting that these pups were probably stillborn.

5. Selected F1 Survival and Clinical Observations

Table 21 (Summary Data)
Appendix Y (Individual Data)

All animals survived to scheduled euthanasia and no remarkable clinical
signs of toxicity were noted during the dosing phase of the selected
F1 animals.
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6. Selected F1 Body Weights and Weight Gain

Tables 22 and 23 (Summary Data)
Appendices Z and AA (Individual Data)

No statistically significant differences in body weights or weight gain were
noted during the post-weaning growth phase of the selected F1 animals.

7. Selected F1 Gross Necropsy Observations

Table 24 (Summary Data)
Appendix BB (Individual Data)

Gross necropsy findings in selected F1 animals were generally
unremarkable. Those findings which were noted tended to be of low
incidence and randomly dispersed among the groups.

VIl. DISCUSSION AND CONCLUSION

This study evaluated the effects of the test article, nickel sulfate hexahydrate,
when administered orally to rats over the course of one generation for the primary
purpose of selecting dosage levels for a definitive two-generation reproduction
toxicity study in rats.

Oral administration of the test article had no effect on FO survival, growth, mating
behavior, copulation, fertility, precoital intervals, gestation lengths or gross
necropsy findings. The incidence of dead pups on lactation day 0 was significantly
increased and mean live litter size was significantly decreased at the 75 mg/kg/day
level. Mean post-implantation loss was significantly increased at dosage levels
> 30 mg/kg/day. Growth of surviving F1 pups during lactation appeared to be
unaffected. Administration of the test article to selected F1 animals beginning on
postnatal day 22 had no effect on survival or growth of the animals for several
weeks following weaning.
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n conclusion, based on the results of this one-generation reproduction
range-finding study, dosage levels of 1.0, 2.5, 5.0 and 10.0 mg/kg/day were
selected for a definitive two-generation reproduction study in rats.

Gﬂj/ﬁﬂé @ ”/Z'/f/é"’ Date //i/j%/@
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l. INTRODUCTION

This report details the experimental procedures and results of a preliminary probe
study in rats with nickel sulfate hexahydrate. This preliminary study was
performed to select dosage levels for the one-generation range-finding
reproduction study. The procedures for animal husbandry and methods of test
article preparation were similar to those described for the range-finding study
animals.

Il. MATERIALS AND METHODS

The animals were acclimated to the laboratory conditions for five days prior to
randomization (day -1). Animals were examined upon receipt and daily thereafter
during acclimation for signs of physical or behavioral abnormalities. On the day
following receipt, the rats were approximately 11 weeks of age with body weights
ranging from 333 to 356 grams for males and 224 to 244 grams for females.
Animals determined to be suitable test subjects were assigned to groups using a
computer randomization program. The program ranked the animals according to
day -1 body weights and randomly assigned the rats to study groups in a stratified
block design. The study group design and dosage levels tested in the preliminary
probe study were as follows:

Dosage Dosage  Dosage
No. of Animals Level Conc. Volume
Group Male Female Dosage Material (mg/kg/day)  (mg/mL)  (mL/kg)
1 2 2 RO-Di Water 0 0 10
2 2 2 Nickel Sulfate Hexahydrate 5.0 0.5 10
3 2 2 Nickel Sulfate Hexahydrate 15.0 1.5 10
4 2 2 Nickel Sulfate Hexahydrate 25.0 25 10
5 2 2 Nickel Sulfate Hexahydrate 50.0 5.0 10
6 2 2 Nickel Sulfate Hexahydrate 75.0 7.5 10
7 2 2 Nickel Sulfate Hexahydrate 150.0 15.0 10

Dosing preparations were administered orally, by gavage, as a single dose for 14
consecutive days. Individual doses were adjusted based on the most recent body
weight. Mortality/general health checks were performed twice daily, in the morning
and afternoon. Detailed clinical observations were performed prior to study
initiation (day -1) and cage-side observations were performed daily between one-
half hour and two hours following dosing (days 1 to 14). Individual body weights
were recorded for each animal on days 1, 8 and 15. All animals were subjected
to an abbreviated gross necropsy at the time of death or euthanasia. Surviving
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animals were euthanized by carbon dioxide inhalation at study termination on day
15. The necropsy examination included evaluation of the external surfaces of the
body and major tissues and organs in the thoracic, abdominal and pelvic cavities.
No tissues were retained at necropsy.

[ll. RESULTS

One female in the 5.0 mg/kg/day group, one male in the 50.0 mg/kg/day group,
one male in the 75.0 mg/kg/day group, and two females in the 150.0 mg/kg/day
group died or were euthanized moribund during the study. The death at the 75.0
mg/kg/day level was clearly the result of a gavage accident. The death at the 5.0
mg/kg/day level was also suspected to be unrelated to the test article since no
deaths occurred at the 15.0 and 25.0 mg/kg/day levels. In general, clinical signs
were infrequent and randomly dispersed in the treated groups. Body weight gains
appeared to be decreased in males at levels of 50.0 mg/kg/day and above,
especially during the second week of treatment.

V. CONCLUSION

Based on the above results, dosage levels of 10, 20, 30, 50 and 75 mg/kg/day
were selected for the one-generation reproduction range-finding study in rats.
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Deviations/Occurrences
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I. PURPOSE

The purpose of this range-finding study is to evaluate the potential effects of the
test article when administered to rats by oral gavage over the course of one
generation. Data from this study will be used to select dosage levels for a
subsequent two-generation reproduction study in rats. This study will be
conducted in accordance with the Principles of Geod Laboratory Practice set forth
by the OECD [C(97)186/FINAL].

Il RESPONSIBILITIES

A. Sponsor

Nickel Producers Environmental Research Asscciation, Inc. (NIPERA, inc.)
2605 Meridian Parkway

Suite 200

Durham, NC 27713

B. Sponsor's Representative

Hudson K. Bates, Ph.D., DABT
Senior Heaith Scientist

Telephone: (919) 544-7722
Fax: (919) 544-7507
e-mail; hbates@nipera.org

C. Testing Location

Springborn Laboratories, Inc.
Ohio Research Center

640 N. Elizabeth Street
Spencerville, Ohio 45887
Telephone: (419) 647-4196
Fax: (419) 647-6560
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D. Personnel Responsibilities

1.

Joseph C. Siglin, Ph.D., DABT
Study Director/Director of Toxicology

Bjorn A. Thorsrud, Ph.D.
Alternate Contact/Manager of Developmental
and Reproduction Toxicology

Malcolm Blair, Ph.D.
Vice President and Managing Director

Robert C. Springborn, Ph.D.
Chairman, President and CEO

J. Dale Thurman, D.V.M., M.S., DABT
Director of Pathology

Anita M. Bosau, RQAP-GLP
Director of Compliance Assurance

lIl. PROPOSED STUDY SCHEDULE

A. Initiation of In-Life Phase: July, 1998

B. Compiletion of In-Life Phase: October, 1998

C. Audited Draft Report Date: January, 1999

IV. TEST ARTICLE AND CONTROL MATERIAL

A. Test Article

1.

ldentification

Nickel(ll) sulfate hexahydrate
(CAS No. 10101-87-0)
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10.

SLI Test Article identification Number

S98.001.3472

Batch {Lot) Number

08516TQ

Source

Aldrich Chemical Company

Purity

99%

Description

Blue green crystalline powder

Shelf Life/Expiration Date

None provided

Characteristics

The Sponsor is responsible for any necessary evaluations of the test
article concerning chemical identity, purity, strength, stability, and other
required data.

Storage Conditions

Ambient temperature; tightly ciosed container

Handling Precautions

Safety data regarding the test article will be provided [Material Safety Data
Sheet (MSDS) or equivalent, if available]. Technical perscnnel are
required to read this information prior to handling the test article. Any

questions concerning this information should be referred to the Study
Director.
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Additional safety and handling information may be provided by the Study
Director and/or Sponsor. Minimum safety requirements include safety
glasses, impervious gloves, and laboratory attire. Material Safety Data
Sheets (or equivalent) shall also be available for all other chemical entities
utilized in the conduct of this study.

B. Retention Sample
A retention sample (1 g) of each lot of the test article will be taken and stored
at SLI under the specified storage conditions.
C. Test Article Disposition
The test article will be properly disposed of following completion of all
scheduled studies.
D. Vehicle Control Material
1. Identity
Reverse Osmosis-Deionized (RO-Di) Water
(from SLI Pharmacy source)
E. Method and Fréquency of Test Article Preparation
The test article will be dissolved in RO-Di water for administration by daily oral
gavage. Gavage solutions will be prepared fresh at least every 21 days and
stored refrigerated (approximately 2-8°C) until use. All procedures used in
preparing the gavage solutions will be recorded and reported.
At the first preparation of dosing solutions for the range-finding study, duplicate
20 mL samples of each gavage solution, including the vehicle control, will be
taken and stored at -70°C for possible analytical analysis. These samples will

be discarded after conclusion of the study if analytical analysis is not
considered necessary by the Sponsor and Study Director.
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V. TEST SYSTEM

A. Justification of the Test System

The Sprague-Dawley rat was selected as the animal mode! for this study since:

1.

This species/strain has a proven sensitivity to a variety of agents and
therefore provides a suitable animal model for testing chemicals and
drugs for human risk assessment.

Both the EPA and OECD recommend the rat for reproduction studies.

Reliable scientific methods currently exist for performing rat reproduction
studies. In addition, extensive historical control data are available at SLI
and in the published literature concerning fertility and general reproduction
in the rat.

The Sprague-Dawley rat has been used extensively for reproduction
testing. Thus, data from this study may be compared and contrasted to
other studies performed in rats.

Healthy rats may be obtained from USDA approved and regulated
suppliers.

Labcratory rats may be safely handled and manipulated by trained
laboratory personnel.

B. Justification of the Route of Exposure and Number of Animals

1.

Oral administration of the test article was selected since this is a
potential route of human exposure. In addition, this route is
recommended by EPA and OECD Guidelines for reproduction studies.

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

1.  Species
Rat
2. Strain

Sprague-Dawley Crl.CD®BR VAF/Plus®

3. Source

Charles River Laboratories, Inc.
St. Constant, Quebec

Canada
4. Age and Body Weight (at Receipt)

Approximately 10 to 11 weeks old and at least 200 g (males) or 175 g
(females). Actual body weights will be documented in the study records.

5. Number of Animals/Sex on Study

48 males and 48 females (range-finding study)
14 males and 14 females (preliminary probe)

A minimum of 70 rats per sex will be obtained. The females will be
nulliparous and nonpregnant at receipt. Males and females will have
different birth dates to avoid potential sibling pairings.

D. Method of Identification

Metal ear tags displaying unique identification numbers will be used as the
method of identification. Color coded cage cards displaying the study number,
animal number and group number will be affixed to each cage.
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E. Animal Husbandry

1.

Housing

The animals wili be housed individually in suspended stainless steel
cages (except during cchabitation for mating) or plastic nesting boxes (FO
females) for parturition and lactation. Ali housing and care will be based
on the standards recommended by the Guide for the Care and Use of
Laboratory Animals [1].

Environment

The environmental controls for the animal room will be set to maintain
room temperature and relative humidity ranges of 72 £ 7°F and 50 + 20%,
respectively. Environmental control equipment will be monitored and
adjusted as necessary to minimize fluctuations in the animal room
environment. Light timers will be set to maintain a 12-hour light/12-hour
dark cycle and the room ventilation will be set to produce 10-15 air
changes/hour. The rocom temperature and relative humidity will be
recorded a minimum of once daily.

Food

PMI Certified Rodent Chow® #5002 (Purina Mills, inc.) will be provided ad
libitum throughout the study. The feed is analyzed by the supplier for
nutritional components and environmental contaminants. The lot number
and expiration date of each batch of diet used during the study will be
recorded. Dietary limitations for various environmental contaminants,
including heavy metals, pesticides, polychlorinated biphenyls and total
aflatoxin are set by the manufacturer. Within these limits, there are no
contaminants reasonably expected in the diet which would interfere with
the conduct of this study. Results of the dietary analyses (Certificates of
Analysis) are provided by the manufacturer for each lot of diet. These will
be maintained by the testing laboratory.

Water

Municipal tap water following treatment by reverse osmosis will be
available ad libitum throughout the study. The purified water will be
supplied by an automatic watering system or in water bottles for
measurement of water consumption. Monitoring of the drinking water for
contaminants will be conducted by the testing laboratory and the records
will be available for inspection. Levels of contaminants which may be
present are not expected to compromise the purpose of the study.
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F. Acclimation

Upon receipt, 10-11 week old Charles River CD VAF/Plus® rats will be
removed randomly from the shipping cartons, housed individually and
eartagged. The animais will be weighed on the day after receipt and allowed
to acclimate for a minimum of 10 days. During the acclimation period, the rats
will be observed on a daily basis for overt physical and behavioral
abnormalities. General health/mortality and moribundity checks will be
performed twice daily, in the mo