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Gentlemen:

Thls TSCA Section 8(e) substantlal risk notxﬁcatnon concemmg a definitive

] H egistry for this chemical (2-ﬁxraldehyde) is 98-01-1.
The study was performed at WIL Research Laboratories, Inc., Ashland, Ohio, under their
Study No. [ ]. The information summarized below was received on September 3,
1997 via a final report (copy enclosed).

Both matemal and developmental to:ncnty of furﬁaral were evaluated The study:

‘ bited with male rats of the

ource Day of matmg conﬁrmatlon was des:gnated as day “0” of

gestanon Bred females were assigned to groups at random and received single daily oral
(gavage) doses of either vehicle control material or the test article in vehicle at dosage
levels of 50, 100, and 150 mg/kg/day. Dose volume was maintained at 5 ml’kg. The
vehicle control was reverse osmosis treated water, sparged with nitrogen. The control and
test material were administered during the period of major organogenesis, gestation days 6
through 15. Individual dosages were based on the most recently recorded body welghts
Clinical observations, body weights, and food consumption were recorded. All surviving

- dams were terminated and a laparohysterectomy performed on gestation day 20. The uteri
and ovaries were examined and the numbers of fetuses, early and late resorptions, total
implantations, and copora 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, soft tissue, and skeletal malformations and variations.
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In the 100 and 150 mg/kg/day groups, 3 and 16 animals died, respectively,
between gestation day 6 and 15. Treatment-related clinical findings in the 50, 100, and/or

S ang 3, labored respiration, rales, rapid respi aspin
prostration, and lethargy. Tremors and head held low were noted sporadically in the 50
mg/kg/day group and at a higher frequency in the mid and high dose groups. In addition,
exophthalmia was observed in all of the treated groups from gestation days 6-18.

Mean body weight loss and food consumption reduction were observed during
gestation days 6-9 in the 150 mg/kg/day group. Both body weight gain and food
consumption remained inhibited in the surviving animals of this group during gestation
days 9-12, but were comparable to the control group values following termination of test

article administration (gestation days 12-16 and 16-20). Mean body weights, body weight

gains, net body weights, net body weight gains, gravid uterine weights, and food

consumption in the 50 and 100 mg/kg/day groups were unaffected by treatrient with the
test article. ‘

A slightly reduced mean fetal body weight in the 150 mg/kg/day group was -
interpreted as being an equivocal indication of!gﬂeveiopment&l"toxicity. Intrauterine
growth and survival were unaffected by test article administration in the 50 and 100
mg/kg/day groups. The malformations observed in the treated groups were considered to
be spontaneous in origin. The fetal developmental variations were noted to be infrequent
or of a similar frequency to that observed in the control group.:

Under the conditions and results of this study, the no observable adverse effect
level (NOAEL) for maternal toxicity is considered to be less than 50 mg/kg/day.
NOAEL for developmental toxicity is considered to be 100 mg/kg/day.

If you have any questions, please contact me at [ ]
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A_Developmental Toxicity Study of Eurfui-al in Rats

COMPLIANCE STATEMENT

This study, designated[ :]was conducted in compliance with the United States
Environmental Protection Agency (EPA) Good Laboratory Practice Standards (40 CFR Parts 160
and 792), October 16, 1989 and September 18, 1989; the Japanese Ministry of Agriculture,
Forestry and Fisheries (MAFF) Good Laboratory Practice Standards (59 NohSan No. 3850),
August 10, 1984; the Organization for Economic Cooperation and Development (OECD)
Principles of Good Laboratory Practice [C(81) 30 (Final) Annex 2], 1981; the Standard
Operating Procedures of WIL Research Laboratories, Inc.; and the protocol as approved by the
sponsor. The protocol for this study was designed to be in accordance with the United States -
Environmental Protection Agency (EPA) Federal Insecticide, Fungicide and Rodenticide Act
(FIFRA) Pesticide Assessment Guidelines (Subdivision F; series 83-3) the EPA Toxic
Substances Control Act (TSCA) Health Effects Test Guidelines (40 CFR 798. 4900); the OECD
Guidelines for Testing of Chemicals, Health Effects Test Guidelines, Section 414, May 12,
1981; and the Japanese MAFF Agricultural Chemical Laws and Regulations Testing Guidelines
for Toxicology Studies (59 NohSan No. 4200), January 28, 198s.

L (W QMg e glo=la
Mark D. Nemec, B.S., D.AB.T. , Date
Study Director
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A Developmental Toxicity Study of Furfural in Rats

1. 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 administered to three groups of 25 bred Crl:CD®(SD)ER rats
once daily from gestation days 6 through 15. Dosing was terminated on April 15, 1997
(corresponding to gestation days 10 to 14) in the 150 mg/kg/day group due to significant

~ maternal toxicity. The animals, however, remained or study to assess reversibility.
Dosage levels were 50, 100 and 150 mg/kg/day administered at a dose volume of 5 ml/kg.
A concurrent control group composed of 25 bred females received the vehicle, reverse
osmosis treated water (deionized and sparged with nitrogen), on a comparable regimen at
5 mlkg. 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, soft tissue and skeletal malformations and variations.

In the 100 and 150 mg/kg/day groups, 3 and 16 females, respectively, died between
gestation days 6 and 15. All other maternal animals su;'vived to the scheduled necropsy
on gestation day 20. At the necropsy of the animals that died, one and two females in the

-100 and 150 mg/kg/day groups, respectively, had foamy contents in the trachea and firm
lungs, and three females in the 150 mg/kg/day group had mottled or dark red lungs.
Treatment-related clinical findings in the 50, 100 and/or 150 mg/kg/day groups included
hypoaétivity, vocalization, decreased defecation, red material around the eyes and mouth,
labored respiration, rales, rapid respiration, gasping, prostration and lethargy. Tremors
and head held low were noted sporadically in the 50 mg/kg/day group and more frequently
in the 100 and 150 mg/kg/day groups. In addition, exophthalmia was observed in all of
the treated groups from gestation days 6-18. In the 150 mg/kg/day group, a mean body
weight loss and reductions in food consumption were observed during gestation‘ days 6-9.

Body weight gain and food consumption remained inhibited in the surviving females in

-8-
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this group during gestation‘days 9-12. Body weight gain and food consumption in this
group were comparable to the control group values following the termination of dosing
(gestation days 12-16 and 16-20). Mean body weights, body weight gains, net body
weights, net body weight gains, gravid uterine weights and food consumption in the 50
and 100 mg/kg/day groups were unaffected by treatment with the test article.

A slightly reduced mean fetal body weight in the 150 mg/kg/day group was
interpreted to be an equivocal indication of developmental toxicity. Intrauterine growth
and survival were unaffected by test article administration in the 50 and 100 mg/kg/day
groups. The malformations observed in the treated groups were considered to be
spontaneous in origin. The fetal developmental variations noted in this study were
observed infrequently or at a similar frequency in the control group.

Based on the results of this study, the NOAEL (no observable adverse effect level)
for maternal toxicity was considered to be less than 50 mg/kg/day and the NOAEL for
developmental toxicity was considered to be 100 mg/kg/day. However, a complete
assessment of the potential prenatal toxicity of furfural in the 150 mg/kg/day group was
precluded by maternal mortalities, a reduced number of litters available for evaluation and
limited duration of administration.




]

O. OBJECTIVE

The objective of the study was to determine the potential maternal toxicity and
developmental toxicity of furfural in the Crl:CD®(SD)BR rat. The selected route of
administration was oral since this is the intended route of clinical administration for the
human. The animal model was selected on the basis of availability of historical control
data and susceptibility of the species to known developmental toxicants.

The study was conducted to establish a NOAEL (no observable adverse effect level)
as well as a level inducing discernible maternal toxicity and developmental toxicity, but

not one that would affect maternal survival.

-10-
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Acclimation Period

Untreated Females Paired with
Untreated Resident Males

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

25 Mated Females/Group (1-4) Treated
Cace Daily from Gestation Days 6-15

Necropsies Performed on
Animais That Died

Dosing Terminated For Group 4 on
on April 15, 1997 (Gestation Days 10 to 14)
Due to Mortalities; Animals Kept on *
Study to Assess Reversibility

Laparohysterectomies Performed
on Gestation Day 20;
Gravid Uterine Weights Recorded

i
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. STUDY DESIGN (continued)

External Fetal Morphological Examination

Followed by Fresh Dissection

J

Heads from One-Half of the
Fetuses in Each Group Sectioned

for Soft Tissue Evahiation

Heads from One-Half of the
Fetuses in Each Group Examined
by a Mid-Coronal Slice

All Fetal Carcasses Prepared and
Stained for Skeletal Examination

-12-
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IV. EXPERIMENTAL PROCEDURES
A. INTRODUCTION

The experimental phase of the study was initiated with the assignment of mated
rats to treatment groups on April 1, 1997 and concluded with the Ilast
laparohysterectomy on April 25, 1997. The dosing period was from April 7, 1997,
to April 20, 1997. Dosing was terminated on April 15, 1997 (corresponding to
gestation days 10 to 14) in the 150 mg/kg/day group due to significant maternal
toxicity. The animals, however, remained on study to assess reversibility. Dose
levels were selected based on the results of a preliminary range-finding study with

furfural | ]
B. 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[_ ]

Purity data for the test article provided by the sponsor indicated a purity of
99.4%. Purity analyses conducted at WIL Research Laboratories, Inc., prior to
and after completion of dosing indicated that the test article purity was 99.8% and
100%, respectively. 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 inside 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.

-13-
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2. VEHICLE CONTROL ARTICLFE 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 storage
container for administration to the control group. 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.

The appropriate amount of the test article, furfural, was weighed for each
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 sampling, dispensing and dosing procedures. A sufficient volume of each test
group formulation was dispensed daily for administration to the treated groups.

Preparations for all dose groups were prepared weekly (April 7 and April 14,
1997). The test article formulations were stored at room temperature protected
from light. The dosing preparations were visually inspected for homogeneity by
the study director on April 7, 1997, and were found to be acceptable for use.
ADMINISTRATION

The test mixtures were administered orally by gavage, via a 16-gauge stainless’
steel gavage cannula (Popper and Sons, Inc., New Hyde Park, New York), as a
single daily dose from gestation days 6 through 15. Dosing was terminated on
April 15, 1997 (corresponding to gestation days 10 to 14) in the 150 mg/kg/day
group due to significant maternal toxicity. The animals, however, remained on
study to assess reversibility. A dosage volume of 5 ml/kg was used for all dosage
levels. 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

-14-
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provide the correct mg/kg/day dose. The following diagram presents the study

group assignment:
Dosage  Number

Group Test  Dosage Level Concentration Volume of
Number Article (ma/kg/dav) (mg/ml) (ml/kg)  Females

1 Vehicle control 0 0 5 25

2 Furfural 50 10 5 25

3 Furfural 100 20 5 25

4 Furfural 150 30 5 25

5. SAMPLING AND ANALYSES

The test article was analyzed on January 20, 1997, and April 23, 1997 by the
Analytical Chemistry Department at WIL Research Laboratories, Inc., to verify
identity and purity. On March 31, 1997 (prior to the initiation of dosing),
duplicate 10-ml aliquots were collected from the middle stratum of the control _
group formulation and from the top, middle and bottom strata of each treated
group formulation. 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 April 7 and 14, 1997 weekly dosing preparations, a 10-ml aliquot was
collected from the middle stratum of each dosing formulation, including the
control, and analyzed for concentration. 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 ACCITMATION

One hundred twenty-five sexually mature, virgin female rats, Crl:CD®(SD)BR,

were received in good health from Charles River Laboratories, Inc., Portage,
Michigan, on March 20, 1997. The animals were approximately 70 days old. Upon
receipt, each female was observed by a qualified technician. The animals were
injtially weighed on March 21, 1997. All animals were uniquely identified by a
Monel metal eartag displaying the animal number and housed for 12 days for
acclimation purposes. During the acclimation period, the animals were observed
twice daily for mortality and moribundity.

-15-
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D. ANIMAI HOUSING
I.fpon 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 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 Internaticnal).
E. 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 feed or water at
concentrations expected to interfere with the objectives of this study. Drinking water
delivered by an automatic watering system and the basal diet were provided ad
libirum throughout the acclimation period and during the study.
F. 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 71.4°F to
72.7°F and relative humidity ranged from 34.7% to 49.4% during the study period.
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.

-16-
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ASSIGNMENT OF ANIMALS TO TREATMENT GRQUPS AND BREEDING

PROCED :

" At the conclusion of the acclimation period, all available females were weighed
and examined in detail for physical abnormalities. At the discretion 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 and 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[ jconsisted of three furfural treated groups
and one control group. The bred females were consecutively assigned in a block
design to groups containing 25 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 25
females were placed into each group. Body weight values ranged from 225 g to
290 g 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 prior to test article administration
from day O through 20 of gestation. Animals were also observed for signs of

toxicity approximately one hour following dosing.

-17-
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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.

. DY 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.

CGravid 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 presenied 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.

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 ﬁost mortem
findings were correlated with the anre 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 uumber
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.
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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 detéction 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

2. Proportional Litter Basis:
Summation per Group (%) = _Postimplantation Loss/Litter (%)*

No. of Litters/Group

No. Dead Fetuses,

a= Resorptions (Early/Late)/Litter x 100

No. Implantation Sites/Litter

FETAL MORPHOLOGICAL EXAMINATION

Each fetus was sexed, weighed and tagged for identification. Fetal tags contained
the WIL study number, the female number and the fetus number. A detailed external
examination of each fetus was conducted to include, but was not limited to, an
examination of the eyes, palate and external orifices, and each finding was recorded.
Crown-rump measurements were recorded for late resorptions, if present, and the
tissues were discarded. Each fetus was examined viscerally by a modification of the
Stuckhardt and Poppe* fresh dissection technique to include the heart and major blood
vessels. The sex of each fetus was confirmed by internal examination. Fetal kidneys
were examined and graded for renal papillae development by a method described in
Woo and Hoar’.

Heads from approximately one-half of the fetuses in each litter were placed in
Bouin’s fixative for subsequent soft-tissue examination by the Wilson® sectioning

technique. The heads from the remaining one-half of the fetuses were examined by
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a mid-coronal slice. All carcasses were eviscerated and fixed in 100% ethyl alcohol, -
with the following exception. Fetus no. 65070-11 (Group 2) and fetus no. 65015-11
(Group 4) were inadvertently not placed in alcohol and therefore, no skeletal exam
was performed. This deviation from the protocol had no effect on the outcome of the ‘
study because only 2 of 980 fetuses in this study were excluded from the skeletal
examination. Following fixation in alcohol, each fetus was macerated in potassium
hydroxide and stained with Alizarin Red S by a method similar to that described by
Dawson’. External, visceral and skeletal findings were recorded as developmental
variations (alterations in anatomic structure that are considered to have no significant
biological effects on animal health or 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 fetal developmental findings were summarized by: 1) presenting the
incidence of a given finding both as a percentage of the number of fetuses and the
number of litters available for examination in the group; and 2) considering the litter
as the basic unit for comparison and calculating the number of affected fetuses in a

litter on a proportional basis as follows:

Summation per Group (%) = Viable Fetuses Affected/Litter(%)

No. of Litters/Group

No. Viable Fetuses
a= Affected/Litter x 100
No. Viable Fetuses/Litter '

. STATISTICAL ANALYSES e

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 brogramming) 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
C Weights, Materna! Body
Weights and Weight
Changes, Maternal Net Body
Weight Changes and Gravid
Uterine Weights, Maternal

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), Litter Proportions of
Malformations and Variations

L. DATA ON

T PRARR QT O L A rme R T et e e g e

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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V. RESULTS :

" A. CLINICAL OBSERVATIONS AND SURVIVAL

Summary Data: Tables 1, 2, 3
Individual Data: Tables 15, 16

In the 100 and 150 mg/kg/day groups, 3 and 16 females, respectively, died
between gestation days 6 and 15. The remaining 22 and 9 females in these same
respective dose groups survived to study termination (gestation day 20). Clinical
ﬁndihgs related to treatment with the test article noted exclusively in the 150
mg/kg/day group at the daily examinations and/or one hour following dosing included
prostration, lethargy, decreased defecation and/or red material around the eyes and
mouth. Treatment-related clinical observations noted one hour following dosing in
the 100 and 150 mg/kg/day groups included hypoactivity, labored respiration, rales,
rapid respiration and gasping. Labored respiration, vocalization, hypoactivity and
rapid respiration were also noted in the 150 mg/kg/day group at the daily
examinations. Other findings for animals in these groups were also observed at a
dose level of 50 mg/kg/day and are discussed below.

All animals in the control and 50 mg/kg/day groups survived to the scheduled
necropsy on gestation day 20. Tremors and head held low were noted sporadically
in the 50 mg/kg/day group and more frequently in the 100 and 150 mg/kg/day groups
at the daily examinations and/or ome hour following dosing. In addition,
exophthalmia was noted in all of the treated groups beginning on gestation day 6 and
continuing through gestation day 18. Other clinical findings in all of the treated
groups, such as hair loss on various body surfaces, occurred similarly in the control
group, in single animals or in a manner that was not suggestive of a relationship to
treatment with the test article.

BODY WEIGHTS AND GRAVID UTERINE WEIGHTS
Summary Data: Tables 4, 5, 6
Individual Data: Tables 17, 18, 19

A statistically significant (p <0.01) mean body weight loss occurred in the 150
mg/kg/day group during gestation days 6-9. During this interval, six of the 12
surviving gravid females in this group lost between 6 and 60 grams of body weight.
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During gestation days 9-12, mean body weight gain in the 150 mg/kg/day group was
reduced when compared to the control group value; the difference was not statistically
significant. During the remainder of the treatment period (gestation days 12-16),
dosing was discontinued for this group and mean body weight gam was comparable
to the control group. When the entire treatment period (gestation days 6-16) was
evaluated, mean body weight gain in this group was reduced; the difference from the
control group was not statistically significant. During gestation days 16-20, mean
body weight gain in the 150 mg/kg/day group was comparable to the control group
value. Mean body weights throughout the study, net body weight, net body weight
gain and gravid uterine weight m this group were comparable to the control values.

Mean body weights, body weight gains, gravid uterine weights, net body weights
and net body weight gains in the 50 and 100 mg/kg/day groups were unaffected by
test article administration. Values in these groups were similar to the control group
values; none of the differences were statistically significant.
. FOOD CONSUMPTION
Summary Data: Tables 7, 8
Individual Data: Tables 20, 21

Food consumption, evaluated as g/animal/day and g/kg/day, was reduced in the
surviving 150 mg/kg/day group females during gestation days 6-9 and 9-12; the
differences from the control group were statistically significant (p<0.01). During
the remainder of the treatment period (gestation days 12-16), dosing was discontinued
for this group and food consumption was comparable to the control group values.
When the entire treatment period (gestation days 6-16) was evaluated, food
‘consumption in the 150 mg/kg/day group was slightly reduced; the difterences from
the control group were not statistically significant. During the post-treatment period
(gestation days 16-20), food consumption in this group was comparable to the control
group.

Food consumption in the 50 and 100 mg/kg/day groups was unaffected by
treatment with the test article. Food consumption values in these groups were similar

to the control group values; the differences were not statistically significant.
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NECROPSY DATA
Individual Data: Table 22

In the 100 and 150 mg/kg/day groups, 3 and 16 females, respectively, died
between gestation days 6 and 15. At necropsy, one and two females in the 100 and
150 mg/kg/day groups, respectively, had foamy contents in the trachea and firm
lungs. Three fema]es in the 150 mg/kg/day group had mottled or dark red lungs.
Two females (nos. 65046 and 65072) in the 150 mg/kg/day group each had a dilated
renal pelvis. One female (no. 65089) in the 150 mg/kg/day group had dark red
contents in the jejunum. Female no. 65061 in this same group had an autolyzed
intestine (entire length) and an entirely resorbed litter. Uterine findings for the
remaining females that died consisted of the following. Two 100 mg/kg/day group
females and thirteen females 150 mg/kg/day group had normally developing
implantations. One and two females in the 100 and 150 mg/kg/day groups,
respectively, were nongravid.

At the scheduled necropsy on gestation day 20, no test article-related internal
findings were observed at any dose level. Female no. 65035 in the control group had
green purulent material in the vagina and was nongravid. Another female (no. 65082)
in this group had fused placentae (site no. 16 to no. 17). In the 100 mg/kg/day

-group, female no. 65001 had a dilated renal pelvis and female no. 65090 had yellow

fluid contents in the uterus. All other females were internally normal.
GESTATION DAY 20 LAPAROHYSTERECTOMY DATA '
Summary Data: Tables 9, 10
Individual Data: Tables 23, 24, 25
Historical Control Data: Appendices B, C

Mean fetal body weight was slightly reduced in the 150 mg/kg/day group (3.3 g)
when compared to the control group value (3.5 g), but was equal to the minimum
mean value in the WIL historical control data (3.3 g). However, only seven gravid
females in this group survived to the scheduled necropsy on gestation day 20 and one
litter (female no. 65080) had a low mean fetal body weight (2.5 g). It should be
noted that dose administration was not sustained throughout organogenesis at the 150
mg/kg/day dose level. Therefore, the reduced mean fetal body weight in the high
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dose group was interpreted to be potential evidence of developmental toxicity. Other
parameters evaluated in the 150 mg/kg/day group (postimplantation loss, live litter
size, fetal sex ratio and the mean numbers of corpora lutea and implantation sites)
were comparable'to the control group values; no statistically significant differences
were noted. .
Intrauterine growth and survival were unaffected by test article administration at
dose levels of 50 and 100 mg/kg/day. No statistically significant differences from the
control were noted. It should be noted that the litter of one female (no. 65102) in the
control group had a low mean fetal body weight (2.0 2).
FETAL MORPHOLOGICAL DATA
Summary Data: Tables 11, 12, 13, 14
Individual Data: Table 26
Historical Control Data: Appendices B, C
The number of fetuses (litters) available for morphological evaluation were
284(20), 307(21), 280(22) and 109(7) in the control, 50, 100 and 150 mg/kg/day
groups, respectively. In theS?{ same respective dose groups, 3(3), 0(0), 2(2) and 1(1)
fetuses (litters) had malformations.
1. EXTERNAL MAILFORMATIONS AND VARIATIONS
External malformations were observed in 2(2), 0(0), 2(2) and 1(1) fetuses
(liters) in the control, 50, 100 and 150 mg/kg/day groups, respectively. Fetus
no. 65038-03 in the control group had astomia, maxillary micfognathia,
mandibular micrognathia, microphthalmia, anophthalmia and absent facial
papillae. Control group fetus no. 65066-11 had fetal anasarca. In the 100
mg/kg/day group, fetus no. 65071-14 had vertebral agenesis. Fetus no. 65090-01
had hydrocephaly with a dome-shaped head. The anomaly consisted of increased
cavitation of both lateral ventricles and the third ventricle. Fetus no. 65080-08
in the 150 mg/kg/day group had microphthalmia (bilateral). No other external
malformations were observed. '
No external developmental variations were observed in fetuses at any dose

level.
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2.

VISCERAL MAILFORMATIONS AND VARIATIONS
One fetus (no. 65020-16) in the control group had hydrocephaly. The

anomaly consisted of increased cavitation of both lateral ventricles and the third
ventricle. Fetus no. 65066-11 in this same group had a small right kidney and a
heart and great vessel anomaly that consisted of a missing ductus arteriosus and
common truncus arteriosus, the pulmonary arteries arising from the ascending
aorta, thickened semilunar valves and an opening in the anterior portion of the
septum. No other soft tissue rnalfoxmations were noted.

One fetus (no. 65064-06) in the 100 mg/kg/day group had a major blood
vessel variation. The variation consisted of the right subclavian and right carotid
arteries arising independently from the aortic arch (no brachiocephalic trunk was
present).

Fetus no. 65066-11 in the control group also had reddened and enlarged
adrenal glands. This finding was not classified as either a malformation or
variation and was not included in any tabulation.

SKELETAL MALFORMATIONS AND VARIATIONS

No skeletal malformations were observed in fetuses at any dose level.

Skeletal developmental variations noted similarly in all study groups, including
the control, consisted of ossified cervical centrum no. 1, unossified hyoid, 14th
rudimentary ribs, bent ribs and sternebrae no. 5 and/or no. 6 unossified. The
only statistically significant (p <0.05) difference between the control and treated
groups was a decreased incidence of reduced ossification of the 13th ribs in the
50 mg/kg/day group (0% per litter) when compared to the concurrent control

group value (2.8% per litter). However, the finding was attributed to biological

variation and was not considered to be treatment-related as decreased incidences
of this finding were not observed in the 100 and 150 mg/kg/day groups (1.9 and
2.7% per litter, respectively). Other skeletal developmental variations in the
treated groups occurred infrequently and were not considered to be related to

treatment with the test article.
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4. SUMMARY OF EXTERNAL  VISCERAL AND SKEIETAL EXAMINATION

Fetal external, visceral and skeletal malformations were observed in 3(3), 0(0),
2(2) and 1(1) fetuses (litters) in the control, 50, 100 and 150 mg/kg/day groups,
respectively, and were considered to be spontaneous in origin. A complete
assessment of the potential prenatal toxicity of furfural in the 150 mg/kg/day
group was precluded by excessive maternal mortalities and limited duration of
ad:ﬁinistration. No statistically significant differences were noted between the
control and treated groups in the incidence of malformations. Fetal developmental
variations in the treated groups occurred infrequently, at frequencies similar to
those in the control group and/or at incidences that were within the range of the
WIL historical control data. No relationship to treatment was apparent.
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VI. DISCUSSION AND CONCIUSIONS

In the 100 and 150 mg/kg/day groups, 3 and 16 females, respectively, died between
gestation days 6 and 15. Due to the significant maternal toxicity noted in the 150
mg/kg/day group, dosing was terminated on April 15, 1997 (corresponding to gestation
days 10 to 14), and the animals remained on study to assess reversibility. Following
termination of dosing in the high dose group, body weight gain and food consumption
were comparable to the control group for the remainder of gestation. All other females

survived io the scheduled necropsy on gestation day 20. Treatment-related clinical

- observations in the 100 and/or 150 mg/kg/day groups included hypoactivity, vocalization,

decreased defecation, red material around the eyes and mouth, labored respiration, rales,
rapid respiration, gasping, prostration and lethargy. Tremors and head held low were
noted sporadically in the 50 mg/kg/day group and more frequently in the 100 and 150
mg/kg/day groups. In addition, exophthalmia was observed in all of the treated groups
from gestation days 6-18. These findings were noted at the daily examinations and/or one
hour following dosing. No other treatment-related clinical findings were observed.

In the 150 mg/kg/day group, a statistically significant mean body weight loss or
reduced mean body weight gain and reductions in food consumption were noted during
gestation days 6-9 and 9-12. During gestation days 12-16 and 16-20, mean body weight
gain and food consumption in the 150 mg/kg/day group were comparable to the control
group value. Mean body weights, net body weight, net body weight gain and gravid
uterine weight in the 150 mg/kg/day group were similar to the control group values.
Body weight data and food consumption in the 50 and 100 mg/kg/day groups were
unaffected by treatment with the test article.

At the necropsies of the animals that diéd, foamy contents in the trachea and firm
lungs were noted in one and two females in the 100 and 150 mg/kg/day groups,
respectively, and mottled or dark red lungs were noted in three females in the 150
mg/kg/day group. At the scheduled necropsy on gestation day 20, no test article-related
internal findings were noted. v

A slightly reduced mean fetal body weight in the 150 mg/kg/day group was
interpreted to be an equivocal indication of developmental toxicity. Other parameters

evaluated in the 150 mg/kg/day group (postimplantation loss, live litter size, fetal sex ratio
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and numbers of corpora lutea and implantation sites) were comparable to the control group
values. Intrauterine growth and survival were not adversely affected at the 50 and 100
mg/kg/day dose levels.

Fetuses (litters) available for morphological examination numbered 284(20), 307(21),
280(22) and 109(7) in the control, 50, 100 and 150 mg/kg/day, respectively.
Malformations were observed in 3(3), 0(0), 2(2) and 1(1) fetuses (litters) in these same
respective dose groups and were considered to be spontaneous in origin. ‘The fetal
developmental variations noted in this study were observed infrequently or at a similar
frequency in the control group.

In conclusion, maternal toxicity was expressed by mortalities at dose levels of 100 and
150 mg/kg/day, inhibition of body weight gain and food consumption at a dose level of
150 mg/kg/day and changes in the clinical condition of the animals at dose levels of 50,
100 and 150 mg/kg/day. Equivocal developmental toxicity (slightly reduced mean fetal
body weight) was observed at a dose level of 150 mg/kg/day. No developmental toxicity
was observed at dose levels of 50 and 100 mg/kg/day. Based on the results of this study,
the NOAEL (no observable adverse effect level) for maternal toxicity was considered to
be less than 50 mg/kg/day and the NOAEL for developmental toxicity was considered to
be 100 mg/kg/day. However, a complete assessment of the potential prenatal toxicity of
furfural in the 150 mg/kg/day group was precluded by maternal mortalities, a reduced
number of litters available for evaluation and limited duration of administration.

L A Gamec g/29/97
‘Mark D. Nemec, B.S., D.A.B.T. Date
Study Director
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and Developmental Toxicology Laboratory
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. John F. Knapp, B 5. Date
Manager II, Developmental, Reproductive

and Neurotoxicology
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Managgr of Technical Report Writing
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Senior Vice'President, Director of Research
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Donald G. Stump, Ph.D.
Staff Toxicologist, Developmental,
Reproductive and Neurotoxicology

Approved and Submitted By:
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Date
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Mark D. Nemec, B.S., D.A.B.T.
Director of Developmental
and Reproductive Toxicology
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VII. QU ASS CE UNIT STATEMENT

Date(s) Findings Date(s) Findings
Date(s) of Phase Reported to Reported to
~i0spection(s) o Inspected Studv Director Management
3/31, 4/1/97 Cohabitation and Confirmation
of Breeding 4/1/97 5/28/97
4/7/197 Test Material Preparation/Analysis  4/7/97 5/28/97
4/10/197 Animal Care and Equipment 4/11/97 5/28/97
4/21/97 Laparohysterectomy/Fetal
. External Examination - 4/21/97 5/28/97
6/6, 10/97 Study Records (A-2)(page 26-33) 6/10/97 7/29/97
6/26, 27, 7/10/97 Study Records (I-1) 7/10/97 8/29/97
6/27, 7/10/97 Study Records (A-1, A-2) 7/10/97 8/29/97
6/30, 7/1-2, 7, 10/97 Study Records (N-1) 7/10/97 8/29/97
7/23-25, 28-30/97 Draft Report (without Analytical) 7/30/97 8/29/97
7/30/97 Draft Report (Analytical) 7/30/97 8/29/97

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., and the sponsor’s protocol and
protocol amendments. 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.

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.

Deborah L. Little Date
Manager of Quality Assurance
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PAGE 9

TABLE 15 (DAILY EXAMINATIONS)

A DEVELOPMENTAL TOXICITY STUDY OF FURFURAL IN RATS
INDIVIDUAL CLINICAL OBSERVATIONS
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'TRIAGE of 8(e) Submissions |

- Date sent to triage:

\ Submissioh number: ] ‘402(0 A’

" TSCA Invento

CAP

STUDY TYPE (circle appropriate):

- Cheng-Chun Lee (E609C) ;,
ATOX = SBTOX SEN

Lafry Newsome (E425) ,
ECO  AQUATO

_Kathegine-Anjtole (E611G)
DTOX

Daljit Sawhney (E611A)
CTOX STOX

Deborah Norris (E602)
. NEUR .

~ Jeff Beaubier (E608)
| EPI

‘Ron Ward (E611F)
IMMUNO/ALLERG

David Lai (E611B)
CARC -

Michael Cimino (E611D)
- GTOX

Leonard Keifer _(E6‘"1“ 10)
META/PHARM
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“14026A"=" ”=" FEMALE CRL:CD (SD) BR RATS (3 GROUPS OF 25 THAT HAD
BEEN COHABITED WITH MALE RATS) RECEIVED SINGLE DAILY ORAL DOSES OF
EITHER CONTROL MATERIAL OR FURALDEHYDE (CAS NO. 98-01-1) AT LEVELS OF
50, 100 AND 150 MG/KG DURING GESTATIONS DAYS 6 THROUGH 15. ALL
SURVIVING DAMS WERE TERMINATED AND A LAPAROHYSTERECTOMY

PERFORMED ON GESTATION DAY 20. THE UTERI AND OVARIES WERE EXAMINED .

AND NUMBER OF FETUSES, EARLY AND LATE RESORPTIONS, TOTAL
IMPLANTATIONS, AND COPORA LUTEA WERE RECORDED. MEAN UTERINE
WEIGHTS AND NET BODY WEIGHT CHANGES WERE CALCULATED FOR EACH
GROUP. THE FETUSES WERE WEIGHED, SEXED, AND EXAMINED FOR EXTERNAL,
SOFT TISSUE, AND SKELETAL MALFORMATIONS AND VARIATIONS.

IN THE 100 AND 150 MG/KG GROUPS, 3 AND 16 ANIMALS DIED, RESPECTIVELY,
BETWEEN GESTATION DAYS 6 AND 15. TREATMENT- RELATED CLINICAL
FINDINGS IN THE 50, 100 AND/OR 150 MG/KG/ DAY GROUPS INCLUDED
HYPOACTIVITY, VOCALIZATION, DECREASED DEFECATION, RED MATERIAL
AROUND THE EYES AND MOUTH, LABORED RESPIRATION, RALES, RAPID
RESPIRATION, GASPING, PROSTRATION, AND LETHARGY. TREMORS AND HEAD
HELD LOW WERE NOTED SPORADICALLY IN THE 50 MG/KG/DAY GROUP AND AT
HIGHER FREQUENCY IN THE MID- AND HIGH-DOSE GROUPS. EXOPHTHALMIA
WAS OBSERVED IN ALL OF THE TREATED GROUPS FROM GESTATION DAYS 6-18.
MEAN BODY WEIGHT LOSS AND FOOD CONSUMPTION REDUCTION WERE
OBSERVED DURING GESTATION DAYS 6-9 IN THE 150 MG/KG/DAY GROUP. A
SLIGHTLY REDUCED MEAN FETAL BODY WEIGHT IN THE 150 MG/KG/DAY WAS
INTERPRETED AS BEING AN EQUIVOCAL INDICATION OF DEVELOPMENTAL
TOXICITY. THE NO OBSERVABLE ADVERSE EFFECT LEVEL (NOAEL) FOR
MATERNAL TOXICITY WAS CONSIDERED TO BE LESS THAN 50 MG/KG/DAY. THE
NOAEL FOR DEVELOPMENTAL TOXICITY WAS CONSIDERED TO BE 100
MG/KG/DAY.”




