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A Dose Range-Finding Developmental
Toxicity Study of Furfural in Rats

SUMMARY

The potential maternal toxicity and developmental toxicity of furfural were
evaluated. The test article, furfural, in the vehicle, reverse osmosis treated water
(deionized and sparged with nitrogen), was initially administered to five groups of eight
bred Crl:CD®(SD)BR rats once daily from gestation days 6 through 15. Initially,
dosage levels were 10, 50, 100, 500 and 1000 mg/kg/day administered at a dose
volume of 5 ml/’kg. Due to the excessive mortalities observed at the 500 and 1000
mg/kg/day groups, the breeding phase for the study was reinitiated to further
characterize the potential maternal and developmental toxicity of the test article at dose
levels between 100 and 500 mg/kg/day (150, 25C and 350 mg/kg/day). Two concurrent
control groups (one for each breeding phase) each composed of eight bred females
received the vehicle, reverse osmosis treated water (deionized and sparged with
nitrogen), on a comparable regimen at 5 ml/’kg. The route of administration was oral
by gastric intubation. Clinical observations, body weights and food consumption were
recorded. On gestation day 20, a laparohysterectomy was performed on all surviving
animals. The uteri and ovaries were examined and the numbers of fetuses, early and
late resorptions, total implantations and corpora lutea were recorded. Mean gravid
uterine weights and net body weight changes were calculated for each group. The
fetuses were weighed, sexed, and examined for external malformations and variations.

In the 150, 250, 350, 500 and 1000 mg/kg/day groups, one, six, six, four and
three females, respectively, died within one hour following dosing on gestation days 6
or 7. Due to the excessive mortalities, the remaining two, two, four and five females
in the 250, 350, 500 and 1000 mg/kg/day groups, respectively, were not dosed and
were euthanized on gestation days 5 or 6. All other maternal animals survived to the
scheduled necropsy on gestation day 20. At necropsy, dark red lungs (all lobes) were
noted for 2, 4 and 1 females in the 350, 500 and 1000 mg/kg/day groups, respectively.
Clinical findings related to treatment with the test article in the 150, 250 and/or 350
mg/kg/day groups were rales, lethargy, prostration, hyperactivity, whole body tremors,
labored respiration, exophthalmia, vocalization, shallow respiration, eyes appearing
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dark in color and body/extremities cool to the touch. In the 150 mg/kg/day group, a
reduced mean body weight gain and reductions in food consumption were observed
during gestation days 6-9. Mean body weight, net body weight, net body weight gain
and gravid uterine weight in the 150 mg/kg/day group were unaffected by test article
administration. Body weight data and food consumption in the 10, 50 and 100
mg/kg/day groups were unaffected by treatment with the test article.

Intrauterine growth and survival were unaffected by test article administration at
any dose level available for evaluation (150 mg/kg/day and below). The only external
malformation observed during this study was an omphalocele in one 10 mg/kg/day
group fetus. No developmental variations were noted in fetuses in this study.

Based on the results of this study, dose levels of 50, 100 and 150 mg/kg/day
were selected for the definitive developmental toxicity study of furfural in rats.
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OBJECTIVE
The objective of the study was to investigate the potential maternal toxicity and
developmental toxicity of furfural in the Crl:CD®@SD)BR rat and to determine dose
levels for evaluation in a definitive developmental toxicity study in rats. The selected
route of administration was oral. The animal model was selected on the basis of

availability of historical control data and susceptibility of the species to known

deveiopmental toxicants.
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STUDY DESIGN

Acclimation Period

Untreated Females Paired with
Untreated Resident Males

Animals Observed Daily; Body
Weights and Food Consumption
Recorded at Appropriate Intervals

8 Mated Females/Group (1-10)
Treated Once Daily
from Gestation Days 6-15

Necropsies Performed

on Animals That Died

or Were Euthanized

Laparohysterectomies Performed
on Gestation Day 20;
Gravid Uterine Weights Recorded

External Fetal Morphological Examination
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IV.  EXPERIMENTAL PROCEDURES
A,

INTRODUCTION

The experimental phase of the study was initiated with the assignment of
bred female rats to treatment groups on January 14, 1997. The experimental
design initially consisted of five furfural treated groups receiving dose levels of
10, 50, 100, 500 and 1000 mg/kg/day and one concurrent control group. Due
to the high levels of maternal toxicity at dose levels of 500 and 1000 mg/kg/day,
the breeding phase of the study was. reinitiated on February 25, 1997 to further
characterize the potential maternal and developmental toxicity of the test article
at dose levels between 100 and 500 mg/kg/day. For the initial study, the dosing
period was from January 20 to January 31, 1997, and the last laparohysterectomy
was on February 5, 1997. For the continued study, the dosing period was from
March 3 to March 14, 1997, and the last laparohysterectomy was on March 19,
1997. The initial study was designated[: ]and the continued study was
designated[: j for computer entry. Report tables for the additional
dose levels are presented immediately following the appropriate table for the
initial dose groups. Due to spacing constraints, the study title is presented on the
report tables as "A Dose R-F Developmental Toxicity Study of Furfural in Rats".
TEST AND CONTROL ARTICLES
1. TEST ARTICLE IDENTIFICATION

The test article, furfural, was received from
]on December 20, 1996, as follows:

No. of
Containers
Identification Received Description
Furfural 2 Bottles Clear, yellowish
CAS No. 98-01-1 Gross weight: to dark amber
#1-1712.0 g* liquid
#2-1709.9 g

* = Bottle used in[ :]
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Purity data for the test article provided by the sponsor indicated a
purity of 99.4%. Purity analyses conducted at WIL Research Laboratories.
Inc. indicated that the test article purity was 99.8% and 100%. For the
purposes of dose calculations, the test article was considered to be 100%
furfural. The test article was stored in a sealed container at room
temperature and protected from light in a fire cabinet. An approximate
one-gram reserve sample of the test article was taken on January 8, 1997,
and stored in the Archives at WIL Research Laboratories, Inc.

VEHICLE CONTROL ARTICLE IDENTIFICATION
The vehicle control article utilized in preparation of the test mixtures

and for administration to the control group was reverse osmosis treated
water, deionized and sparged with nitrogen.
PREPARATION

An appropriate amount of the vehicle, reverse osmosis treated water
(deionized and sparged with nitrogen), was dispensed into a properly labeled
sterage container for administration to the control groups. A stir bar was
added and the vehicle was stirred continuously throughout the sampling and
dosing procedures. A sufficient amount of the vehicle was dispensed daily
for administration to the control group.

An appropriate amount of the test article, furfural, was weighed for
each treated group into a labeled, precalibrated storage container. A
sufficient amount of the vehicle was added to bring the volume of each
preparation to the calibration mark. A stir bar was added and the
preparations were stirred continuously throughout the sampiing, dispensing
and dosing procedures. A sufficient volume of each test formulation was
dispensed daily for administration to the treated groups.

Dosing formulations were prepared weekly (January 20 and 27, 1997,
for| _Jand February 28, March 7 and 14, 1997, for| ]
The test article formulations were stored at room temperature protected from

light. The dosing preparations were visually inspected for homogeneity by
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the study director on January 20, 1997, and were found to be acceptable for
use.
4. ADMINISTRATION

The test mixtures were administered orally by gavage as a single daily
dose from gestation days 6 through 15 using a syringe fitted with a 16-gauge
stainless steel gavage cannula (Popper and Sons, Inc., New Hyde Park, New
York). A dosage volume of 5 ml/kg was used for each dosage level. The
control animals received the vehicle, reverse osmosis treated water
(deionized and sparged with nitrogen), on a comparable regimen at 5 ml/kg.
Individual dosages were based on the most recently recorded body weights
to provide the closest mg/kg/day dose. The following diagram presents the
study group assignment:

Dosage . Dosage Number
Group Test Dosage Level Concentration Volume of
Number Article (mg/kg/day) (mg/ml) (ml/kg)  Females
1 Vehicle Control 0 0 5 8
2 Furfural 10 2 5 8
3 Furfural 50 10 5 8
4 Furfural 100 20 5 8
5 Furfural 500 100 5 8
6 Furfural 1000 200 5 8
7 Vehicle Control 0 0 5 8
g® Furfural 150 30 5 8
9 Furfural 250 50 5 8
10¢ Furfural 350 70 5 8
: =  Appears as Group 1 on report tables
b =  Appears as Group 2 on report tables
¢ =  Appears as Group 3 on report tables
d =  Appears as Group 4 on report tables

5. SAMPLING AND ANAILYSES
The test article was analyzed on January 20, 1997 by the Analytical

Chemistry Department at WIL Research Laboratories, Inc., to verify
identity and purity. On January 8, 1997 (prior to the initiation of
dosing), duplicate 10-m] aliquots were collected from the top, middle and
bottom strata of the control group formulations and each of the treated
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group formulations. One set of these samples was analyzed for
homogeneity. The second set of samples was combined and stored for
8-day stability verification. For the January 20 (Groups 1-6), January
27 (Groups 1-4), and February 28, 1997 (Groups 7, 8 and 10) weekly
dosing preparations, duplicate 10-ml aliquots were collected from the
middle stratum of each dosing formulation and analyzed for
concentration. Samples were inadvertently not collected from Group 9
(February 28, 1997 preparation) and Groups 7-10 (March 7 and 14, 1997
preparations). The methodology and results of these analyses are
presented in Appendix A. The dosing formulations were homogeneous,
stable for 8 days and contained the amounts of the test article specified
in the protocol.
ANIMAL RECEIPT AND ACCLIMATION
Sixty sexually mature, virgin female rats, Crl:CD®@SD)BR, were
received in good health from Charles River Laboratories, Inc., Portage,
Michigan, on December 30, 1996, for The animals were
approximately 70 days old. The animals for - were selected from
a shipment of rats received in good health from the same supplier on February

13, 1997, and were approximately 70 days old. Upon receipt, each female
was observed by a qualified technician. The animals were initially weighed

on December 31, 1996 E ]or February 14, 1997[: ]
All animals were uniquely identified by a Monel metal eartag displaying the
animal number and housed for 15 days|_ Jor12.days[ ]

for acclimation purposes. During the acclimation period, the animals were
observed twice daily for mortality and moribundity.
ANIMAIL HOUSING

Upon arrival and until pairing, all animals were individually housed in
clean, wire-mesh cages suspended above cage-board. The animals were paired
for mating in the home cage of the male. Following positive identification of
mating, the females were returned to an individual suspended wire mesh cage.

Nesting material was not required as the females were euthanized prior to the
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date of expected parturition. Animals were maintained 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 Association for
Assessment and Accreditation of Laboratory Animal Care International
(AAALAC International).
DIET, DRINKING WATER AND MAINTENANCE

The basal diet used in this study was PMI Feeds, Inc.® Certified Rodent
LabDiet® 5002. This diet is a certified feed with appropriate analyses

performed by the manufacturer and provided to WIL Research Laboratories,
Inc. Municipal water supplying the facility is sampled for contaminants
according to Standard Operating Procedures. The results of these analyses are
maintained at WIL Research Laboratories, Inc. Contaminants were not present
in animal ‘eed or water at concentrations expected to interfere with the
objectives cf this study. Drinking water delivered by an automatic watering
system and the basal diet were provided ad libitum throughout the acclimation
period and during the study.
ENVIRONMENTAL CONDITIONS

All animals were housed throughout the acclimation period and during
the study in an environmentally-controlled room. Controls were set to
maintain a temperature of 72° + 4°F and a relative humidity between 30%
and 70%. Room temperature and relative humidity were recorded daily.
Temperatures ranged from 70.9°F to 72.9°F and relative humidity ranged
from 24.7% to 50.1% during the study period. The occasional and slight
deviations from the set humidity levels were not noted as having an adverse
effect on the outcome of the study. Light timers were calibrated to provide a
12-hour light/12-hour dark photoperiod. Air handling units were set to provide

approximately 10 fresh air changes per hour.

ASSIGNMENT OF ANIMALS TO TREATMENT GROUPS AND
BREEDING PROCEDURES

At the conclusion of the acclimation period, all available females were
weighed and examined in detail for physical abnormalities. At the discretion
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of the study director, animals judged to be in good health and meeting
acceptable body weight requirements (a minimum of 220 g) were placed in a
suspended wire-mesh cage with a resident male from the same strain and
source for breeding. Resident males were untreated, sexually mature rats
utilized exclusively for breeding. These rats were maintained under similar
laboratory conditions as the females. A breeding record containing the male
and female identification numbers and the dates of cohabitation was prepared.
The selected females were approximately 12 weeks old when paired for
breeding.

Positive evidence of mating was confirmed by the presence of a
copulatory plug or the presence of sperm in a vaginal smear. Each mating pair
was examined daily. The day on which evidence of mating was identified was

termed day O of gestation and the animals were then separated.

The experimental design for[ ]consisted of eight treated groups
(Groups 2-6,[ and Groups 8-10 ]and two vehicle
control groups (Group 1, jand Group 7,[ :] The bred

females were consecutively assigned in a block design to groups containing
eight rats each by the following randomization procedure. The first mated
female and the appropriate gestation day 0 designation were recorded and the
female was assigned to group 1, the second mated female was assigned to
group 2, and the third to group 3, etc. This process was continued daily until
eight females were placed into Groups 1-6[ ] beginning on January
14, 1997) or Groups 7-10 [: beginning on February 25, 1997).
Body weight values ranged from 215 gto 279 g for[ :] and from 227
gto274 g for[ :] on day O of gestation.
MATERNAL OBSERVATIONS DURING GESTATION
1. CLINICAL OBSERVATIONS AND SURVIVAL
All rats were observed twice daily for moribundity and mortality.
Individual detailed clinical observations were recorded from day O
through 20 of gestation (prior to test article administration during the
dosing period). Animals in[: :]were observed for signs of
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toxicity approximately one hour following dosing, with the follewing
exception. A one hour post-dose comment was not performed on
January 30, 1997. However, the animals were observed at the evening
room check and no overt signs of toxicity were noted; therefore, the
deviation was considered to have no effect on the outcome of the study.
Observations noted at the time of dosing were also recorded, if present.
Animals in [ ] were observed for signs of toxicity
approximately one hour following dosing. In addition, observations
noted at two and four hours following dosing, if present, were also
recorded.

Animals not surviving to the scheduled euthanization were
necropsied, and the cause of death or moribundity was recorded, if
possible. In addition, the number and location of implantation sites and
corpora lutea were recorded.

BODY WEIGHTS AND GRAVID UTERINE WEIGHTS

Individual maternal body weights were recorded on gestation days
0, 6-16 (daily) and 20. A group mean body weight was calculated for
each of these days. Mean body weight changes were calculated for each
corresponding interval and also for intervals 6-9, 9-12, 12-16, 6-16 and
0-20. -

Gravid uterine weight was collected and net body weight (the day
20 body weight minus the weight of the uterus and contents) and net
body weight change (the day 0-20 body weight change minus the weight
of the uterus and contents) were calculated and presented for each gravid
female at the scheduled laparohysterectomy.

FOOD CONSUMPTION

Individual food consumption was recorded on gestation days 0, 6-
16 (daily) and 20. Food intake was reported as g/animal/day and
g/kg/day for the corresponding body weight change intervals.
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GESTATION DAY 20 LAPAROHYSTERECTOMY

All surviving maternal animals were euthanized by carbon dioxide

inhalation on gestation day 20. The thoracic, abdominal and pelvic cavities
were opened by a ventral midline incision and the contents examined. In all
instances, the post mortem findings were correlated with the ante mortem
comments and any abnormalities were recorded. The uterus and ovaries were
excised. The number of corpora lutea on each ovary was recorded. The
trimmed uterus was weighed, opened and the number and location of all
fetuses, early and late resorptions and the total number of implantation sites
were recorded. The individual uterine distribution of implantation sites was
documented using the following procedure. All implantation sites, including
resorptions, were numbered in consecutive order beginning with the left distal
to the left proximal uterine horn, noting the position of the cervix, and
continuing from the right proximal to the right distal uterine horn.

Maternal tissues were preserved in 10% neutral buffered formalin for
possible future histopathological examination only as indicated by the gross
findings.

Uteri with no macroscopic evidence of nidation were opened and
subsequently placed in 10% ammonium sulfide solution for detection of early
implantation loss as described by Salewski’.

Intrauterine data were summarized using two methods of calculation. An

example of each method of calculation follows:

1. Group Mean Litter Basis:

Postimplantation Loss/Litter = No. Dead Fetuses,

Resorptions (Early/Late)/Group
No. Gravid Females/Group
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2. Proportional Litter Basis:

Summation per Group (%) =

Postirﬁplantation Loss/Litter (%)°
No. of Litters/Group

No. Dead Fetuses,

a= Resorptions (Early/Late)/Litter x 100
No. Implantation Sites/Litter

FETAL MORPHOLOGICAL EXAMINATION

A detailed external examination of each fetus was conducted to include,
but was not limited to, the eyes, palate, and external orifices. Findings were
recorded as either developmental variations (alterations in anatomic structure
that are considered to have no significant biological effect on animal health or
body conformity, representing slight deviations from normal) or malformations
(those structural anomalies that alter general body conformity, disrupt or
interfere with body function, or may be incompatible with life). The weight
and sex were recorded for each fetus and the fetuses were euthanized and
discarded. Crown-rump measurements were recorded for late resorptions, if
present, and the tissues were discarded.
STATISTICAL ANALYSES

All analyses were conducted using two-tailed tests for a minimum

significance level of 5%, comparing each treated group to the vehicle control
group. Means were presented with the standard deviation (S.D.) and the
number of animals (N) used to calculate the mean. The following statistical
tests were performed by a Digital® MicroVAX® 3400 computer (with
appropriate programming) in this laboratory and are referenced on the report

tables:
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STATISTICAL TEST PARAMETER

- One-way ANOVA with Corpora Lutea, Total
Dunnett’s test’ Implantations, Fetal Body
Weights, Maternal Body
Weights and Weight Changes,
Matemnal Net Body Weight
Changes and Gravid Uterine
Weights, Food Consumption

- Kruskal-Wallis test with Litter Proportions of
Mann-Whitney U-test® Intrauterine Data (Considering
the Litter, Rather than the
Fetus, as the Experimental
Unit)

DATA RETENTION

The sponsor will have title to all documentation records, raw data,
specimens or other work product generated during the performance of the
study. All work product including raw paper data and specimens will be
retained in the Archives at WIL Research Laboratories, Inc., as specified in
the protocol.

Raw data in magnetic 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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RESULTS
A.  CLINICAL OBSERVATIONS AND SURVIVAL

Summary Data: Tables 1, 1A, 2, 2A, 3, 4, 4A, 5A, 6A
Individual Data: Tables 16, 16A, 17, 18, 18A, 19A, 20A

One, six, six, four and three females in the 150, 250, 350, 500 and 1000
mg/kg/day groups, respectively, died within one hour following dosing on
gestation day 6 or 7. Due to the excessive maternal mortalities, the remaining
two, two, four and five females in the 250, 350, 500 and 1000 mg/kg/day
groups, respectively, were not dosed and were euthanized on January 21, 1997

]corresponding to gestation days 5 or 6) or March 5, 1997
E jcorresponding to gestation day 6). The remaining seven
animals in the 150 mg/kg/day group survived to study termination (gestation
day 20). Treatment-related clinical observations noted one, two and/or four
hours following dosing in the 150, 250 and/or 350 mg/kg/day groups included
rales, lethargy, prostration, hyperactivity, whole body tremors, labored
respiration, exophthalmia, vocalization, shallow respiration, eyes appearing
dark in color and body/extremities cool to the touch. Exophthalmia and eyes
appearing dark in color continued in the 150 mg/kg/day group through
gestation day 15.

All animals in the control, 10, 50 and 100 mg/kg/day groups survived
to the scheduled necropsy on gestation day 20. No clinical signs relating to
test article administration were observed in the 10, 50 and 100 mg/kg/day
groups. Clinical findings in these groups, such as hair loss, occurred similarly
in the control groups, in single animals or in a manner that was not suggestive
of a relationship to treatment.

BODY WEIGHTS AND GRAVID WEIGHTS
Summary Data: Tables 7, 7A, 8, 84, 9, 9A
Individual Data: Tables 21, 21A, 22, 22A, 23, 23A

An assessment of body weight data in the 250, 350, 500 and 1000

mg/kg/day groups was precluded by mortalities and group termination.
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In the 150 mg/kg/day group, a decreased mean body weight gain was
noted during gestation days 6-9. During this interval, 4 of 6 gravid females
lost between 2 and 17 grams of body weight. During the remainder of the
treatment period (gestation days 9-12 and 12-16), mean body weight gains in
the 150 mg/kg/day group were comparable to the control group values. Mean
body weight gain in this group was reduced during the entire treatment period
(gestation days 6-16). Mean body weight, net body weight, net body weight
gain and gravid uterine weight in the 150 mg/kg/day group were comparable
to the concurrent control group values.

Mean body weights, body weight gains, net body weights, net body
weight gains and gravid uterine weights in the 10, 5C and 100 mg/kg/day
groups were unaffected by test article administration.

EQOD CONSUMPTION
Summary Data: Tables 10, 10A, 11, 11A
Individual Data: Tables 24, 24A, 25, 25A

An assessment of food consumption in the 250, 350, 500 and 1000
mg/kg/day groups was precluded by mortalities and group termination.

In the 150 mg/kg/day group, a decrease in food consumption
(g/animal/day and g/kg/day) was noted during gestation days 6-9. The
difference from the concurrent control group was not statistically significant.
All other values in this group were comparable to the concurrent control group
values; none of the differences were statistically significant.

Food consumption was unaffected by test article administration at dose
levels of 10, 50 and 100 mg/kg/day. The only statistically significant
(p <0.05) difference from the concurrent control group were decreases in food
consumption (g/kg/day or g/animal/day) in the 10 mg/kg/day group during the
post-treatment period (gestation days 16-20) and in the 100 mg/kg/day group
during gestation days 15-16. The corresponding g/animal/day or g/kg/day
values for these intervals were similar to the concurrent control group values.
All other values in these groups were comparable to the concurrent control

group values.
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NECROPSY DATA
Individual Data: Tables 26, 26A

In the 150, 250, 350, 500 and 1000 mg/kg/day groups, one, six, six,
four and three females, respectively, died within one hour following dosing on
gestation day 6 or 7. At necropsy, 2, 4 and 1 females in the 350, 500 and
1000 mg/kg/day groups had dark red lungs (all lobes). Female no. 63535 in
the 350 mg/kg/day group had red fluid contents in the urinary bladder.
Female no. 63571 in the same dose group had a cyst on one ovary. Two
females (nos. 63562 and 63582) in the 250 mg/kg/day group had dark red
contents in the stomach; female no. 63562 also had a distended urinary
bladder. Due to the excessive mortalities, the remaining two, two, four and
five females in the 250, 350, 500 and 1000 mg/kg/day groups, respectively,
were not dosed and were euthanized on gestation day 5 or 6. All other
females that died were internally normal. ‘

At the scheduled necropsy on gestation day 20, no test article-related
internal findings were observed at any dose level. Two females (nos. 63543
and 63575) in the control group[ ] and one female (no. 63569) in
the 150 mg/kg/day group had dilated renal pelves. Female no. 60973 in the
50 mg/kg/day group had clear fluid contents in both uterine horns. All other
females were internally normal.

GESTATION DAY 20 LAPAROHYSTERECTOMY DATA
Summary Data: Tables 12, 124, 13, 13A

Individual Data: Tables 27, 27A, 28, 28A, 29, 29A
Historical Control Data: Appendices B, C

No gravid females in the 250, 350, 500 and 1000 mg/kg/day groups
survived to the scheduled necropsy on gestation day 20.

Intrauterine growth and survival in the 10, 50, 100 and 150 mg/kg/day
groups were unaffected by test article administration. Parameters evaluated
included postimplantation loss, live litter size, fetal sex ratios, mean fetal body

weights and the mean numbers of corpora lutea and implantation sites. All
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values in these treated groups were similar to the concurrent control group
values; no statistically significant differences were observed.
FETAL MORPHOLOGICAL DATA
Summary Data: Tables 14, 14A, 15, 15A
Individua! Data; Tables 30, 30A
Historical Control Data: Appendices B, C

The number of fetuses (litters) available for morphological examination
were 100(8), 83(6), 113(8), 98(7), 109(8), 81(6), 0(0), 0(0), 0(0) and 0(0) in
the control|_ Jcontrol [ J10, 50, 100, 150, 250, 350,
500 and 1000 mg/kg/day groups, respectively. The onmly external
malformation observed was an omphalocele in one 10 mg/kg/day group fetus
(no. 60923-14). No developmental variations were noted in fetuses in this

study.
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DISCUSSION AND CONCLUSIONS

In the 150, 250, 350, 500 and 1000 mg/kg/day groups, one, six, six, four and
three females, respectively, died within one hour following dosing on gestation days
6 or 7. Due to the excessive mortalities, the remaining two, two, four and five
females in the 250. 350, 500 and 1000 mg/kg/day groups, respectively, were not
dosed and were euthanized on gestation days 5 or 6. All other females survived to
the scheduled necropsy on gestation day 20. Treatment-related clinical observations
in the 150, 250 and/or 350 mg/kg/day groups were lethargy, prostration, shallow
respiration, vocalization, labored respiration, rales, hyperactivity, whole body tremors,
exophthalmia, eyes appearing dark in color and body/extremities cool to the touch.
These findings were noted at the daily examinations, at the time of dosing and/or at
various post-dose intervals (1, 2 or 4 hours). No other treatment-related clinical
findings were observed.

In the 150 mg/kg/day group, reduced mean body weight gain and decreases in
food consumption were noted during gestation days 6-9. Mean body weight, net body
weight, net body weight gain and gravid uterine weight in the 150 mg/kg/day group
were comparable to the concurrent control group values. Body weight data and food
consumption in the 10, 50 and 100 mg/kg/day groups were unaffected by test article
administration. An assessment of body weight data and food consumption in the 250,
350, 500 and 1000 mg/kg/day groups was precluded by mortalities and group
termination.

At the necropsies of the animals that died, dark red lungs (all lobes) were noted
for 2, 4 and 1 females in the 350, 500 and 1000 mg/kg/day groups, respectively. At
the scheduled necropsy on gestation day 20, no test article-related intemal'f'mdings
were observed.

Intrauterine growth and survival were unaffected by test article administration
at any dose level. Parameters evaluated included postimplantation loss, viable litter
size, fetal sex ratio, and the mean numbers of corpora lutea and implantation sites.
Fetuses (litters) available for morphological examination numbered 100(8), 83(6),
113(8), 98(7), 109(8), 81(6), 0(0), 0(0), 0(0) and 0(0) in the control| ]
control[ le, 50 100, 150, 250, 350, 500 and 1000 mg/kg/day groups,
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respectively. The only external malformation observed was an omphalocele in one
10 mg/kg/day group fetus. No developmental variations were noted in fetuses in this
study.

In conclusion, maternal toxicity was expressed at dose levels of 150, 250, 350,
500 and 1000 mg/kg/day by mortalities and changes in the clinical condition of the
animals. No maternal toxicity was apparent at dose levels of 10, 50 and 100
mg/kg/day. No developmental toxicity was observed at the dose levels available for
evaluation (150 mg/kg/day and below). Based on the results of this study, dose levels
of 50, 100 and 150 were selected for the definitive developmental toxicity study of
furfural in rats.

_loaul_Qumec glila
Mark D. Nemec, B.S., D.A.B.T. Date
Study Director
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VI. KEY STUDY PERSONNEL AND REPORT SUBMISSION

Study Supervisors:

Sally A. Keets, A.S. Manager of Vivarium
Daniel W. Sved, Ph.D.  Director of Metabolism and Analytical
Chemistry

Kerin Clevidence, B.S.  Group Supervisor of Gross Pathology
and Developmental Toxicology Laboratory

Report Preparation:
: 8/i /a7
Stephanie B. Gall, B.S. Date
Report Writer I
Reviewed By:
\@(\Q&h 5 / / / 77
h F. Holson, Ph.D. Date
sident, Director

% 7 Lonzo gL/T2

John F. Knapp, B.S. Date
Manager I, Developmental, Reproductive
and Neurotoxicology

il ety sz
Charlene M. Lindsey, M. 4. ) Date

Manager of Technical Report Writing
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/ James L. Schardein, M.S., A.T.S. Date
Sénior Vice President, Du'ector of Research

Qe s

. Donald G. Swmp, Ph.D. Date
fo: Staff Toxicologist, Developmental,
Reproductive and Neurotoxicology

Approved and Submitted By:
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k D. Nemec, B.S., D.A.B.T. Date
Director of Developmental and Reproductive Toxicology
Study Director
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VIOI. QUALITY ASSURANCE UNIT STATEMENT

Date(s) of
Inspection(s)

1/13, 15/97

5/, 8, 13, 21/97
5/9, 12, 21/97

5/14, 21/97

5/13, 14, 21/97
5/29, 30 & 6/6, 9/97
5/29, 30 & 6/6, 9/97
6/1-4, 6, 9/97

Phase
—lDspected

Cohabitation and Confirmation
of Breeding

Study Records (I-1)

Study Records (I-2)

Study Records (N-1)

Study Records (N-2)

Study Records (A-1)

Draft Report (Analytical)

Draft Report (without
Analytical)

Date(s) Findings
Reported to
Studv Director

1/15/97
5/21/97
5/21/97
5/21/97
5/21/97
6/9/97

6/9/97

6/9/97

Date(s) Findings
Reported to

-—Management

2/26/97
6/27/97
6/27/97
6/27/97
6/27/97
7/29/97
7/29/97

7/29/97

This study was conducted and inspected in accordance with the current EPA,
OECD and MAFF Good Laboratory Practice Regulations, the Standard Operating

Procedures of WIL Research Laboratories, Inc.,
protocol amendment(s). Quality Assurance inspections during the conduct of the study
and findings from review of the raw data and draft report are documented and have
been reported to the study director. A status report is submitted to management

monthly.

and the sponsor’s protocol and

Raw data in magnetic form, a retention sample of the test article and the
original final report will be retained at WIL Research Laboratories, Inc.

S bovas, E B

Deborah L. Little
Manager of Quality Assurance
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Study Numbcr:[ ]

PROTOCOL AMENDMENT I

Sponsor: [ ' ]

‘

%\E»

A. Title of Study:

A Dose Range-Finding Developmental Toxicity Study of Furfural in Rats
B. Protocol Modification:

1) IV. TEST ARTICLE DATA

B. Lot Number: 1218
C. Purty (% Assay): 99.4 (Do not adjust dosage calculations for purity)

E. Physical Description:  Clear, yellowish to dark amber liquid
C. Reason for Protocol Modification:
1) To document test article data as supplied by the Sponsor.
Approved By: Prepared By:

WIL Research Laboratories, Inc.
Ashiand, Ohio 44805-9281

LA Quras
Mark D. Nemec, B.S., D.A.B.T.
Study Director
- -
!/ &0 77— 77
" Date Date

WIL RESEARCH LABORATORIES, INC. A Subsidiary of Great Lakes Chemical Corporation, Ashland, OH 44805-3281 (419) 289-8700
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PROTOCOL

A Dose Range-Finding '
Developmental Toxicity Study of Furfural in Rats

Study No.: E :]

For

By

WIL Research Laboratories, Inc.
Ashland, OH 44805-9281

December 16, 1996

WIL RESEARCH LABORATORIES, INC. A Subsidiary of Great Lakes Chemical Corporation, Ashiand, OH 44805-3281 (419) 289-8700
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A DOSE RANGE-FINDING
PMENTAL T RAT

WIL Project No.: [ :]
1. QBJECTIVE OF STUDY

To determine dose levels of the test article to be evaluated in a definitive developmental toxicity study
in rats.

The study will be conducted in compliance with the U.S. EPA, 40 CFR Parts 160 and 792, the OECD.
C(81) 30 (Final) Annex 2, and the Japanese MAFF Good Laboratory Practice Regulations, 59 NohSan
No. 3850, August 10, 1984. :

IO. PERSQONNEL INVOLVED IN THE STUDY
A. Sponsor Representative

B. WIL Study Director

Mark D. Nemec, B.S.
Director, Developmental
and Reproductive Toxicology

C. WIL Deputy Director

Donald G. Stump, Ph.D.
Staff Toxicologist, Developmental,
Reproductive and Neurotoxicology

WIL Toxicol D at R ibiliti

1. Joseph F. Holson, Ph.D.
President, Director

2. James L. Schardein, M.S., A.T.S.
Director of Research

3. John F. Knapp, B.S.
Manager, Developmental, Reproductive
and Neurotoxicology

4. Susan Haley, B.S.
Unit Leader - Clinical Pathology

Page 2 of 14

404



A Dose Range-Finding Study in Rats

IO. PERSONNEL INVOLVED IN THE STUDY (continued)

5. Charlene M. Lindsey, M.A.
Manager of Technical Report Writing

6. Sally A. Keets, A.S.
Manager of Vivarium

7. Ronald E. Wilson, B.S.
Director of Informational Systems

8. Melinda L. Bowen
Group Supervisor - Developmental
and Reproductive Toxicology
9. Deborah A. Shoup, B.S.

Group Leader - Develcpmental,
Reproductive and Neurotoxicology

10. Kerin Clevidence, B.S.
Group Supervisor of Gross Pathology and
Developmental Toxicology Laboratory

11. Deborah L. Little
Manager of Quality Assurance

12. Loren W. Severs, M.S.
Manager of Analytical Chemistry

13.  Daniel W. Sved, Ph.D.
Director of Metabolism and Analytical Chemistry

14.  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

II. STUDY SCHEDULE DATA
A. Proposed Experimental Start Date: January 14, 1997
B. mm&mwﬂm February 7, 1997
C. Proposed Audited Report Date: April, 1997

Page 3 of 14
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g‘ Dose Range-Finding Study in Rats
IV. TEST ARTICLE DATA
A. Identifjcation:
B.

C.

Furfural
To be provided by Sponsor.
To be provided by Sponsor.

Stability of the neat test article in storage will be analytically
determined by WIL Research Laboratories, Inc.

To be documented by WIL Research Laboratories, Inc.

Original container (air tight seal) at room temperature, in a dry
well ventilated area protected from light.

Retention samples will be collected and stored in accordance with
standard operating procedures.

Latex or nitrile gloves, eye protection, long sleeves (lab coat) and

cartridge (organic) respirator are to be worn when handling this
test article. '

Rat

Sprague-Dawley Crl:CD®BR

The Charles River Laboratories, Inc.

9801 Shaver Road

Portage, Michigan 49081

Dose Range-Finding Study: 48 females. A sufficient number of

sexually mature resident males of the same strain and source will
be used to induce pregnancies.

Minimum of 220 g at initiation of breeding

80 to 120 days at the start of the in-life phase

Each rat will be uniquely identified by a Monel metal ear-tag
displaying the animal number. Individual cage cards will be
affixed to each cage and will display the animal number, group

number, study number, dosage level, sex and the date of animal
arrival and the start of the in-life phase.

Page 4 of 14
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A Dose Range-Finding Study in Rats

V. T SYSTEM (continued)
H. Justification for Selection: This species and strain of rat has been recognized to be

appropriate for developmental toxicity studies. WIL Research
Laboratories, Inc. has historical data on the background incidence
of fetal malformations and developmental variations in this species
from this same strain and source. This animal model has been
proven susceptibie to the effects of developmental toxicants.

V1. E CM ANCE

A. Animal Housing

The rats will be individually housed (except during mating) in clean suspended wire-mesh cages in
an environmentally controlled room during the study. The cages will be elevated above cage-board
or other suitable material which will be changed at least three times each week. Nesting material
will not be provided, as euthanization is scheduled prior to anticipated parturition. The cages will
be subjected to routine cleaning at a frequency consistent with maintaining good animal health and
Standard Operating Procedures. The facilities at WIL Research Laboratories, Inc. are fully
accredited by the Association for Assessment and Accreditation of Laboratory Animal Care
International (AAALAC International). '

] vironmental Conditi

Controls will be set to maintain temperature at 72° + 4°F and relative humidity between 30-70%.
Air handling units will be set to provide approximately 10 fresh air changes per hour. Fluorescent
lighting controlled by light timers will provide illumination for a 12-hour light/dark photoperiod
(6:00 a.m. - 6:00 p.m.). Temperature and relative humidity will be recorded once daily.

. Drinking Water

Tap water will be available ad libitum. Filters servicing the automatic watering system are changed
regularly according to Standard Operating Procedures. The municipal water supplying the laboratory
is analyzed according to WIL Standard Operating Procedures on a routine basis to assure that no
contaminants are present in concentrations that would be expected to affect the outcome of the study.

- Basal Diet

PMI Feeds, Inc.® Certified Rodent LabDiet® 5002 will be offered ad libirum during the study.
Periodic analyses of the certified feed are performed by the manufacturer to ensure that heavy metals
and pesticides are not present at concentrations that would be expected to affect the outcome of the
study; results of the analyses are provided to WIL Research Laboratories, Inc. by the manufacturer.
Feeders will be changed and sanitized once per week.

Page 5 of 14
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[A Dose Range-Finding Study in Rats
VI. EXPERIMENTAL DESIGNM

A. Animal Receipt and Quarantine

Each rat will be inspec-ed by a qualified technician upon receipt. Rats judged to be in good health
and suitable as test animals will be immediately placed in quarantine for a minimum of 10 days.
All rats will be initially weighed and permanently identified with a metal ear-tag. During the
quarantine period each rat will be observed twice daily for changes in general appearance and
behavior. Prior to the start of the in-life phase, those rats judged to be suitable test subjects will be
identified.

B. Randomization

At the conclusion of the quarantine period, rats judged to be suitable test subjects and meeting
acceptable body weight requirements will be cohabitated with a male. Females for which there is
evidence of mating will be consecutively assigned in a block design to one control group and five
test article groups of eight rats each.

C. Breeding Procedure

A female will be cotiabitated with a male rat of the same strain and source in a suspended wire-mesh
cage for mating. Letection of mating will be confirmed by evidence of a copulatory plug in the
vagina or by a vagiral smear for sperm. After confirmation of mating, the female will be returned
to an individual suspended wire-mesh cage (assigned to a group), and the day will be designated as
day "0" of gestation.

D. Route and Ration f T icle Administrati
The route of administration will be oral (gavage) since this is the intended route of clinical
administration for the human. Historically, this route has been used extensively for studies of this

nature. Sixteen-gauge stainless-steel dosing cannulas (Bio-Medical Feeding Needles, Popper and
Sons, Inc., New Hyde Park, New York) will be used for the oral administration by gavage.

Page 6 of 14
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[A Dose Range-Finding Study in Rats
vI. EXPERIMENTAL DESIGN (continued)

E. Organization of Test Groups, Dosage Levels and Treatment Regimen
1. ion of T u

The dosage levels will be determined from results of previous studies and will be provided by
the Sponsor Representative after consultation with the WIL Study Director. The following
diagram presents the study group arrangement.

Dosage Dosage Number

Group Dosage Level Concentration Volume of
Number _ Test Article /kg/da (mg/ml) (mUkg) Females
1 Vehicle Control 0 0 5 8
2 Furfural 10 2 5 8
3 Furfural 50 10 5 8
4 Furfural 100 20 5 8
5 Furfural 500 100 5 8
6 Furfural 1000 200 5 8

2. Yehicle Control Article

The vehicle for the test article will be reverse osmosis treated water, sparged with nitrogen.
Treatment Regimen
The test and control articles will be administered as a single daily dose during the period of

major organogenesis, gestation days 6 through 15. All rats will be dosed at approximately
the same time each day.

Adiustment of Dosages

Individual dosages will be calculated based on each days body weight to provide the proper
mg/kg/day dosage.

Page 7 of 14
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[1 Dose Range-Finding Study in Rats
EXPERIMENTAL DESIGN (continued)
Fregquency, Method and Analysis of Test Article Preparations

VI

F.

1.

Homogeneity, Stability and Periodic Analyses of Formuiations of Test Article for
Concentration

Homogeneity and stability of formulations of test article will be determined prior to the start
of dosing. Batches of test suspension sufficient for eight arimals at sach of the selected
dosage levels will be mixed. Based on the physicai characteristics of the test article.
appropriate methods will be used to ensure the best possible suspension of the test article in
the vehicle. Dosing suspensions will be stored at room temperature for a period not to

exceed one week in duration. The study director or the deputy director will visually inspect
the formulated suspensions prior to initiation of dosing. This visual inspection will be done
to assure that the suspensions are visibly homogeneous and acceptable for dosing. If any
special procedures are required for formulation, these procedures will be documented
according to Good Laboratory Practices and presented in the final report of this study. While
the test article formulations are being stirred in the storage containers, two aliquots (10 ml)
from the control formulation and two aliquots (10 ml) each from the top, middle and bottom
of each of the treated group formulations will be withdrawn for analysis. One of the two
samples from each dose level and strata will be analyzed by the Analytical Chemistry
Department at WIL Research Laboratories, Inc. to determine homogeneity. The remaining
sample from each dose level and strata will be combined and stored under normal laboratory
conditions for eight days, then analyzed to verify stability of the test article in the vehicle.

One 10 ml aliquot (one aliquot for the control group) will be taken during each weekly
formulation (middle stratum) from the storage containers from all treatment groups. These
samples will be analyzed for concentration.

Stability Assays of the Test Article

Storage stability of the neat test article will be determined concomitantly with the study. At
initiation of administration, an approximate 1 g sample of the bulk test article will be
submitted for analytical verification of identity and purity. An approximate 1 g sample of
the test article will be submitted for analytical verification of identity and purity at conclusion
[ff the dose administration period in the subsequent definitive developmental toxicity study

-

—
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Q Dose Range-Finding Study in Rats
EXPERIMENTAL DESIGN (continued)
G. Matemal Observations Durin g Gestation

VL.

1.

Appearance and Behavior

Each rat will be observed twice daily for moribundity and mortality, once in the morning and
once in the afternoon from gestation day 0 through 20. Clinical observations regarding
general appearance and behavior will be recorded daily. Montality and all signs of oven
toxicity will be recorded on the day observed. Signs of toxicity will include, but are not
limited to, changes in skin and fur appearance, eyes, mucous membranes, respiratory and
circulatory system, autonomic and central nervous systems, somatomotor activity and
behavior. During the treatment period, the rats will be observed also approximately one hour
following dosing, and the observations will be recorded. Additional post-dose observation
periods may be necessary and will be documented in the study records.

Bodv_Weights
Individual body weights will be recorded on gestation days 0, 6-16 (daily) and 20.

Food Consumption

Individual food consumption will be recorded on gestation days 0, 6-16 (daily) and 20. Food
intake will be reported as g/animal/day and g/kg/day for each corresponding interval of
gestation.

t i uthanized in Exrremi
Females not surviving until the scheduled euthanization will be necropsied and the cause of
death recorded, if possible. Rats not expected to survive to the next observation period
(moribund) will be euthanized and subjected to a gross necropsy. The number and location
of implantation sites and corpora lutea will be recorded. Tissues may be saved for
histopathological examination as needed.
ion ture Deliveri
Females with evidence of abortion or premature delivery will be euthanized that day and

necropsied. The number and location of implantation sites and corpora lutea will be
recorded. Tissues may be saved for histopathological examination as needed.

Page 9 of 14
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“A Dose Raiée-Finding Study in Rats
EXPERIMENTAL DESIGN (continued)
H. heduled N - ion Day 2

VI

1.

h i ination

All surviving rats will be euthanized by carbon dioxide inhalation on gestation day 20. The
abdominal, pelvic and thoracic cavities will be opened and the organs examined. The uterus
of each dam will be excised-and its adnexa trimmed. Gravid uterine weights will be obtained
and recorded. Corpora lutea will be counted and noted. The uterus of each dam will be
opened and the number of viable and nonviable fetuses, early and late resorptions and total
number of implantation sites will be recorded. The individual uterine distribution will be
documented using the following procedure. All implantation sites, including early and late
resorptions, will be numbered in consecutive fashion beginning with the left distal uterine
horn, noting the position of the cervix, and continuing from the proximal to the distal right
uterine horn. Uteri which appear nongravid by macroscopic examination will be opened and
placed in a 10% ammonium sulfide solution as described by Salewski(1) for detection of early
implantation loss. Matemal tissues will be saved for histopathological examination in 10%
neutral buffered formalin only as deemed necessary by the gross findings.

Page 10 of 14
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[1 Dose Ra'ﬁjge-Finding Study in Rats

VII

VIII.

EXPERIMENTAL DESIGN (continued)
2. Fetal Examination

Each viable fetus will be examined externally, sexed, weighed. euthanized by an intrathoracic
injection of sodium pentobarbital and discarded. The findings will be recorded as either
developmental variations or malformations. Selected specimens may be presarved at the
discretion of the Study Director.

TION OF STUDY

The quarantine, breeding and gestation phases of the study will require approximately two months.

STATISTICAL METHODS

All analyses will be two-tailed for a minimum significance level p<0.05. All means will be presented
with standard deviations. All statistical tests will be performed by a Digital Computer with appropriate
programming as referenced below. The litter, rather than the fetus, will be considered as the
experimental unit.

A. Matemal In-Life Data

Continuous data variables [mean matemnal body weights (absolute and net), body weight gains
(absolute and net) and food consumption of each interval] will be analyzed by a parametric one-
way analysis of variance (ANOVA) to determine intragroup difference. If the results of the
ANOVA are significant (p <0.05), Dunnett’s test (2) will be applied to the data to compare the
treated groups to the control group.

B. hyste m ta

The group mean numbers of corpora lutea, implantation sites, maternal gravid uterine weights and
mean fetal weight (separately by sex, and combined) will be analyzed by a parametric one-way
analysis of variance (ANOVA) and Dunnett’s test(2) as described above. The mean litter
proportions of prenatal data (% per litter of viable and nonviable fetuses, early and late
resorptions, total resorptions, pre- and post-implantation loss and the fetal sex distribution) will
be analyzed by the Kruskal-Wallis nonparametric ANOVA test (2) to determine intragroup
difference. If the result of the ANOVA are significant (p <0.05), the Mann-Whitney U-Test (2)
will be applied to the data to compare the treated groups to the control group.

Page 11 of 14
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A Dose Range-Finding Study in Rats

X. QUALITY ASSURANCE

The study will be audited by the WIL Quality Assurance Unit while in progress to assure compliance
with the study protocol and protocol amendments, WIL Standard Operating Procedures and the
appropriate provisions of U.S. EPA (40 CFR Parts 160 and 792) Good Laboratory Practice
Regulations, the Japanese Ministry of Agriculture, Forestry and Fisheries (MAFF) Good Laboratory
Practice Standards (59 NohSan No. 3850, August 10, 1984) and the Organization for Economic Co-
Operation and Development (OECD) Good Laboratory Practice Regulations {C(81)30(Final)]. The raw
data and draft report will be audited by the WIL Quality Assurance Unit prior to submission to the
Sponsor’s Representative to assure that the final report accurately describes the conduct and the
findings of the study.

This study will not be included on the WIL regulated master schedule.

XI. RECORDS TO BE MAINTAINED

All original raw data records, as defined by WIL SOPs and the applicable GLPs, will be stored as
described in Section XII. in the Archives at WIL Research Laboratories, Inc.

XII. WORK PRODUCT

Sponsor will have title to all documentation records, raw data, specimens and other work product
generated during the performance of the study. All work product including raw paper data,
magnetically encoded records and specimens will be retained at no charge for six months following
issuance of the final report in the Archives at WIL Research Laboratories, Inc. Thereafter, WIL
Pesearch Laboratories will charge a quarterly archiving fee for retention of all work product. All work
product will be stored in compliance with regulatory requirements.

XII. REPORTS

The final report will contain a summary, test article data, methods and procedures, maternal and fetal
data, WIL Historical Control Data (Charles River Crl:CD® BR Rats), the Analytical Chemistry Report
and an interpretation and discussion of the study results. The final report will be comprehensive and
shall define level(s) inducing toxic effects as well as "no-effect” level(s) under the condition of this
investigation. .

WIL Research Laboratories will provide one (1) copy of an Audited Draft Report, submitted in a
timely manner upon completion of the study prior to issuance of the final report. One (1) revision will
be permitted as part of the cost of the study, from which Sponsor’s reasonable revisions and
suggestions will be incorporated into the Final Report as appropriate. Additional changes or revisions
may be made, at extra cost. It is expected that the Sponsor will review the draft report and provide
comments to WIL within a two (2) month time frame following submission. WIL will submit the Final
Report within one (1) month following receipt of comments. Two (2) copies of the Final Report (1
bound, 1 unbound) will be provided; requests for additional copies of the Final Report may result in
additional charges. :

Page 12 of 14
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‘7\ Dose Ra'.the-Finding Study in Rats

XIv. ANIMAL WELFARE ACT COMPLIANCE
This study will comply with all applicable sections of the Final Rules of the Animal Welfare Act
regulations (9 CFR). The Sponsor should make particular note of the following:

1. The Sponsor Representative’s signature on this protocol documents for the Study Director the
Sponsor’s assurance that the study described in this protocol does not unnecessarily duplicate
previous experiments.

3. Animals that experience severe or chronic pain or distress that cannot be relieved will be
painlessly euthanized as deemed appropriate by the veterinary staff and Study Director. The
Sponsor will be advised by the Study Director of all circumstances which could lead to this action
in as timely a manner as possible.

4. Methods of euthanasia used during this study are in conformance with the above referenced
regulation.

Representative.

XVI. PROTOCOL APPROVAL

WIL Research Laboratories, Inc.
Ashland, OH 44805-9281

UL Onac

Mark D. Nemec, B.S.

Study Director
ol fo1/F7 o2y
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‘j /\ E“ PR(S)t:::,CI:: :;EENDMENT] I
Sponsor:[ ]

A. Title of Study:

A Dose Range-Finding Developmental Toxicity Study of Furfural in Rats
B. Protocol Modification:
1) I. STUDY SCHEDULE DATA
B. Proposed Experimental Termination Date: ~ March 23, 1997
C. Proposed Audited Draft Report: June, 1997
2) vIl. EXPERIMENTAL DESIGN
E. ization of T u Levels and T nt Regimen
1. Organization of Test Groups
The Sponsor has requested that the breeding phase for the study be re-
initiated to further characterize the potential maternal and developmental
toxicity of furfural over the dose range of 150-350 mg/kg/day.
The following diagram presents Ehe study group arrangement. For the

urposes of_data acquisition this phase of the study will be designated as
C for computer entry.

Dosage Dosage Number
Group Dosage Level Concentration Volume . of

Number = _ Test Article (mg/kg/day) (mg/m}) (mi/kg) _Females

1 Vehicle Control 0 0 5 8
2 Furfural 150 30 5 8
"3 Furfural 250 50 5 8
4 Furfural 350 70 5 8

WIL RESEARCH LABORATORIES, INC. A Subsidiary of Great Lakes Chemical Corporation, Ashiand, OH 44805-3281 (419) 289-8700
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1 Amendment II

Page Two

C. Reason for Protocol Modification:

1)

2)

To document a change in the study schedule due to the requirement of additional
testing as described below in item 2.

In the previous phase of study utilizing dose levels of 10, 50, 100, 500 and 1000
mg/kg/day, maternal mortality was noted at dose levels of 500 and 1000 mg/kg/day.
No maternal or developmental toxicity was noted at dose levels of 10, 50 and 100
mg/kg/day. Therefore, the Sponsor has elected to further characterize the dose range
between 100 and 500 mg/kg/day before proceeding to a definitive developmental
toxicity study.

Approved By: Prepared By:

WIL Research Laboratories, Inc.
Ashland, Ohio 44805-9281

Mark D. Nemec, B.S., D.A.B.T.

Study Director
3/%/77 > byYl97
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Study Number:[ ]

PROTOCOL AMENDMENT I

Sponsor: [ :J

A. Title of Study:
A Dose Range-Finding Developmental Toxicity Study of Furfural in Rats

B. Protocol Modification:
1) VII. EXPERIMENTAL DESIGN
F. [Frequency, Method and Analysis of Test Article Preparations
1. Homogeneity, Stability and Periodic Analyses of Formulations of Test
Article for Concentration

Analytical confirmation of formulations of test article for the 150, 250 and
350 mg/kg/day groups for concentration was performed on the first batch
of formulations only.

C. Reason for Protocol Modification:

1) Protocol Amendment II, signed by the Study Director on February 24, 1997 defined
the experimental approach for additional dose-range characterization (150, 250 and 350
mg/kg/day groups) but did not define the analytical chemistry requirements for this
phase. Homogeneity and stability analyses were not repeated as these were established
previously in the present study within an appropriate range of concentration.

Approved By: Prepared By:

WIL Research Laboratories, Inc.
Ashland, Ohio 44805-9281

t}uk D. Nemec, B.S., D.A.B.T.

J Study Director
_L£-25-FF e[k
Date Date

WIL RESEARCH LABORATORIES, INC. A Subsidiary of Great Lakes Chemical Corporation, Ashland, OH 44805-9281 (419) 289-8700
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[K Dose Raijge-Finding Study in Rats
APPENDIX A
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