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Fumonisin B, (FB,) is one of a number of mycotoxins produced
by fungi, especially Fusarium sp. As a contaminant of many maize-
derived products, this toxin is associated with a variety of animal
diseases, including esophageal cancer and possibly neural tube
defects in humans. We have investigated the embryotoxic potential
of this compound in New Zealand White rabbits. Animals were
dosed by gavage daily on GD 3-19 with purified FB, at 0.10, 0.50,
or 1.00 mg/kg/day. Maternal lethality occurred at the 0.50 and
1.00 mg/kg/day doses. When examined on GD 29, there were no
differences in maternal body weight, maternal weight gain, mater-
nal organ weights, number of nonlive implantations, and number
of malformations. Fetal weight was decreased at 0.50 and 1.00
mg/kg/day (13 and 16%, respectively); this was true for male and
female pups. Fetal liver and kidney weights were also decreased
at these doses. Analysis of embryonic sphinganine to sphingosine
ratios demonstrated no differences between control and treated
embryos on GD 20, although these ratios were increased in mater-
nal urine, serum, and kidney when compared to control animals.
These data suggest that FB,; did not cross the placenta and that
the observed decreased fetal weight was probably the result of
maternal toxicity, rather than any developmental toxicity pro-
duced by FB,.

Fumonisin B, (FB,; CAS 116355-83-0) is one of a family
of mycotoxins produced by a variety of fungi of the genus
Fusarium, especially Fusarium moniliforme. Fumonisins ap-
pear to be present in the majority of maize-derived products.
FB, was identified in 15 of 16 cornmeal and 10 of 10 corn
grit samples collected from retail outlets in the United States
(Sydenham et al,, 1991); the average concentrations of FB,
in these products were 1.0 and 0.6 ppm, respectively.

A number of animal diseases has been associated with
Fusarium exposure, including equine leucoencephaloma-
lacia (ELEM; Wilson and Maronpot, 1971) and porcine pul-
monary edema (PPE; Harrison ez al., 1990). Culture material
from Fusarium is toxic to ducklings (Kriek ez al., 1977) and

chicks (Javed et al., 1993). FB, is hepatotoxic in mice (Voss
et al., 1995) and produces hepatocellular carcinoma in rats
(Gelderblom et al, 1991). Exposure of rats to FB, for 28
days has been shown to induce liver and kidney apoptosis
(Tolleson et al., 1996). It is also nephrotoxic in rats (Riley
et al., 1994; Voss et al., 1995; Bondy et al., 1995; Suzuki
et al.,, 1995).

At concentrations as low as 10 ppm, FB, has been associ-
ated with ELEM (Ross et al., 1991, 1992). Few studies have
been carried out on the levels of FB, associated with PPE;
however, the levels associated with this disease appear to
be higher (around 90-160 ppm) than those associated with
ELEM (Ross et al., 1992).

FB, has also been associated with human esophageal can-
cer. Fusarium has been found as a contaminant of corn
grown in the Transkei area of South Africa, an area with a
high incidence of esophageal cancer (Marasas ef al., 1979).
There appeared to be a relationship between the level of
contamination and the incidence of esophageal cancer (Mar-
asas et al., 1988). FB, as well as other mycotoxins have
been observed in corn samples from the counties of Cixian
and Linxian in the People’s Republic of China; these areas
have also reported a high incidence of esophageal cancer
(Chu and Li, 1994).

In addition to high rates of esophageal cancer, the inci-
dence of neural tube defects (NTDs) in the Transkei region
is reported to be significantly higher than the incidence in
other areas of South Africa (Ncayiyana, 1986; Viljoen et al.,
1995). The incidence of NTDs is also higher in the Hebei
province of the People’s Republic of China than the average
for the rest of the country; this province contains the Cixian
county which is also one of the areas of China having a
high incidence of esophageal cancer (Chinese Birth Defects
Monitoring Program, 1990).

There have been few developmental toxicology studies
carried out in animals using FB,. Culture material extract
was reported to be embryotoxic in hamsters (Floss et al.,
1994a,b), mice (Gross et al., 1994), and rats (Lebepe-Mazur
et al., 1995) in vivo and in chicks in vitro (Javed et al.,
1993). Purified FB, was embryotoxic to hamsters (Floss et
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al., 1994b) in vivo and to chick (Zacharias er al., 1996) and
rat embryos in vitro (Johnson et al., 1993; Flynn et al,
1996).

The mechanism for the adverse effects of FB, is unknown.
Recently it has been proposed that since fumonisins are
structurally related to sphingosine, these compounds might
alter sphingomyelin synthesis (Wang et al., 1991). Treatment
of cultured rat hepatocytes with FB, inhibited incorporation
of radiolabeled serine into sphingosine and increased incor-
poration into sphinganine (Wang et al, 1991). This sug-
gested that the conversion of sphinganine to N-acyl-sphin-
ganine by the enzyme sphingosine N-acyltransferase was
inhibited. Studies with rat liver microsomes confirmed the
inhibition of this enzymatic step by fumonisins (Wang et
al., 1991). Yoo et al. (1992) found an association between
the fumonisin-induced inhibition of de nove sphingolipid
biosynthesis and a reduced proliferation rate and increased
cell death in vitro. Researchers from the Department of Agri-
culture have reported an increase in the level of free sphin-
ganine in sera from ponies eating feed contaminated with
15-44 pg/g fumonisin (Wang et al., 1992) and in tissues
(liver, lung and kidney) in pigs eating feed containing =23
ppm fumonisin (Riley et al., 1993). These authors suggested
that the ratio of sphinganine to sphingosine may be an early
biomarker of exposure to fumonisin (Riley et al.,, 1993; Voss
et al., 1995).

The purpose of this investigation was to determine if puri-
fied FB, was embryotoxic in New Zealand White rabbits.
Additionally, since neural tube defects might be associated
with FB, treatment, dosing began on day 3 of gestation.
This allowed 5 days for the inhibition of sphingosine N-
acyltransferase prior to neural tube closure in the rabbit em-
bryo. The ratio of the concentrations of sphinganine to sphin-
gosine in maternal and fetal tissues was also examined to
determine if embryonic sphingosine N-acyltransferase was
inhibited by FB, exposure.

MATERIALS AND METHODS

Test chemical and dose formulations. Fumonisin B, (Lot E1247-2,
purity 98%) was prepared for the National Center for Toxicological Re-
search (NCTR) by the Center for Food Safety and Applied Nutrition (Eppley
et al., 1994). Purity was determined by fluorescence HPLC by the Division
of Chemistry (NCTR).

Dosing solutions were formulated in distilled deionized water, and the
concentrations were confirmed by the Division of Chemistry (NCTR) using
fluorescence HPLC. Each bulch of FB; douse solution was prepured in a
volume sufficient to be used throughout the 17-day dosing period (GD 3-
19). Aqueous solutions of FB, have been shown to be stable when stored
at 4°C for a period of more than 20 days (Division of Chemistry, NCTR).
The dose solutions were formulated so that appropriate dose levels could
be administered in a maximum volume of 2 ml/kg body weight. Animals
were weighed daily, and the volume of vehicle or FB, administered to each
animal was based on its individual daily body weight. Formulations for the
dose range finding study were between 96 and 98% of target concentration,
while formulations for the four replicates of the developmental toxicity
study were within 98 to 1060% of target concentration.
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Animals and animal husbandry. New Zealand White (NZW) rabbits,
approximately 54 months old and weighing 3-4.5 kg were purchased from
Hazelton Research Products, Inc. (Denver, PA) Females were bred natu-
rally and delivered on GD 1 (GD 0 = day of breeding). These rabbits were
individually identified by ear tags by the supplier prior to shipment and
assigned a unique identification number upon arrival. Animal care and
procedures followed the U.S. Department of Health and Human Services
Guide for the Care and Use of Laboratory Animals Guidelines (National
Institute of Health, 1985). Rabbits were housed individually and fed certified
rabbit chow No. 5322 (Ralston Purina Co., Richmond, IN); filiered tap
water was also provided ad libitum. Rabbit chow was analyzed for the
presence of FB, by HPLC (Division of Chemistry, NCTR); the concentra-
tion in the feed was below the minimal detectable limit of 60 ppb. Tempera-
ture and humidity in the animal rooms were monitored by a JC-80 computer;
over the course of all studies, the average temperature and relative humidity
were 19°C and 51%, respectively.

Dose-range finding study. Animals were rank ordered by weight on
GD 1 and assigned to dose groups using a stratified randomization process
such that body weights were equal across dose groups within a replicate.
The dose-range finding study was conducted in two replicates utilizing 24
time-mated rabbits per replicate. FB, was administered to the rabbits by
gavage using a system which integrates a balance, a computer, and a Digi-
flex double syringe automatic pipet (Crowell er al, 1987). This system
provides a daily record of animal body weight, allows for dose adjustment,
calculates dose volume for administration, facilitates recordkeeping and
conforms to the FDA Good Laboratory Practices (GLP) for automated data
processing. The doses used were 0, 0.25, 0.50, 1.00, 1.25, or 1.75 mg/kg
body weight. Seven to 10 does were utilized per dose group except for the
1.75 mg/kg group (five rabbits in replicate 1). Animals were weighed daily
throughout the dosing period (GD 3-19) and on GD 20 (1 day after comple-
tion of dosing). Food consumption was monitored daily through GD 29.

Histopathology was done only on moribund animals or animals that died
during the study. For histopathology, brain, liver, and kidneys from matemnal
animals were fixed in 10% neutral buffered formalin. Fixed tissues were
trimmed, processed, embedded in paraffin, sectioned at 3—-5 um, and stained
with hematoxylin and eosin. All tissues were examined by light microscopy.

The does which survived to GD 29 were sacrificed by injection of 100
mg/kg sodium pentobarbital (Anpro Pharmaceutical, Arcadia, CA) into the
marginal ear vein. Gravid uteri were removed and weighed. Uterine contents
were examined for viability; the number, position, and status (live, dead,
resorbed) of each implantation site was determined. The numbers of corpora
lutea were counted for each ovary. Each live fetus was weighed, examined
for gross abnormalities, and euthanized by an intraperitoneal injection of
0.5 ml of sodium pentobarbital (64.8 mg/ml). Staples’ fresh tissue dissection
method (Staples, 1974) was utilized to look for internal malformations.
Fetal liver, kidney, and brain were removed and weighed. Fetal carcasses
were skinned, fixed in ethanol, and double-stained (LaBorde et al., 1995);
skeletons were examined for cartilage and bone malformations.

Developmental toxicity study. This study was conducted as four repli-
cates over a period of just over 10 months with six animals per dose group
per replicate. The doses used were 0, 0.10, 0.50, and 1.00 mg/kg/day. All
procedures and analyses were carried out as described for the dose-range
finding study with one exception. The head was removed and placed in
Bouin’s fixative for later examination by Wilson's free-hand razor-blade
sectioning technique (Wilson, 1965) rather than determining its weight as
has been done in the dose-range finding study.

Sphingolipid determinations. Two replicates were included for sphin-
ganine/sphingosine (Sa/So) ratio determination in maternal and fetal tissues.
Since no studies have been conducted on the transplacental passage of FB,
in rabbits, this possible biochemical effect of FB, was examined as an
indirect indication of fetal exposure. Pregnant rabbits were treated with FB,
as described under the dose-range finding study on GD 3-19. Animals
were sacrificed on GD 20, and maternal tissues (serum, urine, liver, kidney
and brain) were collected, weighed, and stored at —70°C until analyzed.
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Fetal liver and kidney were also removed, and each tissue was pooled by
litter, weighed, and frozen at —70°C.

Sphinganine and sphingosine were quantified by a standard addition tech-
nique, with some modifications of the method of Wang er al. (1991). The
tissues were homogenized in phosphate buffered saline (pH 7.2) at 0.1 g/
ml wet weight. Depending on the tissue, 1 to 25 ul of the homogenate was
diluted to 1 ml with water including 5 ul of proteinase K (1 mg/ml in
water) plus or minus 10 xl of sphingolipid standards (13 pmol sphinganine,
13 pmol sphingosine), and incubated overnight at 37°C. The sphinganine
and sphingosine were extracted twice with chloroform following addition
of ammonium hydroxide to 250 mM. After the chloroform extracts were
combined and dried in vacuo, 1 ml of 0.1 M potassium hydroxide in metha-
nol:chloroform (2:1) was added and incubated for 1 h at 37°C. One milliliter
of chloroform and 1 ml of 30 mM ammonium hydroxide were added, mixed,
and the chloroform layer removed and dried in vacuo. The sphinganine
and sphingosine were converted to the fluorescent isoindoles following
solubilization in 50 ul ethanol by addition of 50 ul of 3.7 mM phthalic
dicarboxaldehyde, 6.8 mM 2-mercaptocthanol, 218 uM ethanol, 0.49 M
boric acid, pH 10.5. After 5 min, the reaction was stopped by the addition
of 250 ul of methanol:5.5 mM potassium phosphate, pH 7 (9:1). The isoin-
doles of sphinganine and sphingosine were separated on an Ultrasphere
ODS 5 um Cyg reversed-phase HPLC column (4.6 X 250 mm) with an
isocratic mobile phase of methanol:5.5 mM potassium phosphate, pH 7
(89:11) and detected by fluorescence spectroscopy (excitation, 340 nm;
emission, 456 nm). Quantitation was based on comparison to sphinganine
and sphingosine standards and internal recovery using the standard addition
technique.

Statistics. The Statistical Analysis System (SAS) was used for all statis-
tical analyses. Maternal body weight and body weight gain (GD 3-20, GD
20--29, and GD 3-29), gravid uterine weight, brain, liver, and kidney
weights, number of corpora lutea, and daily food consumption were ana-
lyzed by a two-way ANOVA to test the main effects of dose and replicate
as well as the dose X replicate interaction. If dose effects were significant,
then the Dunnett test was used to compare each treatment group to the
control group; a trend test for an overall dose-related response was also
conducted. The main effects and interaction tests used a two-sided p value,
and the pairwise comparison and trend tests used a one-sided p value.

Sphinganine:sphingosine ratios for maternal and fetal tissues were tested
by one-way ANOVA. If dose effects were significant, then the Dunnett test
was used to compare each treatment group to the control group.

The litter was used as the experimental unit for all statistical analyses of
developmental data. Within a litter, average male body and organ (liver
and kidney) weights, average female body and organ weights, and average
pup (both male and female) body and organ weights were analyzed by two-
way ANOVA. The numbers of implants, live implants, resorptions, dead
fetuses, nonlive implants (dead + resorbed implants), as well as the numbers
of males and females were transformed using the square root transformation.
The proportions of each litter present as live implants, resorptions, dead
implants, nonlive implants, males, and females were transformed using the
arcsine—square root transformation. All data were then analyzed by two-
way ANOVA as described for maternal data. Dunnett’s pairwise compari-
sons and trend tests were done if the effects of dose were significant.

The level of significance for all tests was chosen as p < 0.05.

RESULTS

Dose-Range Finding Study

A total of 48 date-mated NZW rabbits were treated in the
dose-range finding study; the disposition of these animals is
depicted in Table 1. A total of nine animals died; most of
these deaths occurred during the treatment period of GD 3 -
19, with the earliest occurring on GD 11. Nearly all of these
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TABLE 1
Maternal Toxicity in NZW Rabbits in Dose-Range Finding Study

Fumonisin B, (mg/kg/day; po)

000 025 050 1.00 125 1.75
No. animals treated: 8 10 8 7 10 5
No. animals died: 0 1 0 2 4 2
No. animals aborting litters: 0 1 1 0 3 1
No. animals nonpregnant: 0 1 1 1 0 0
No. animals sacrificed at GD 20: 3 3 3 2 3 1
No. animals pregnant at GD29: 5 4 3 2 0 1

animals had decreased their food consumption in the days
prior to their death, and they had pathological changes in
both liver and kidney. Eight of the nine animals that died
were in the three highest dose groups. Six animals aborted
their entire litters within 8 days after treatment had ended,;
four of these six rabbits were in the two highest dose groups.

No embryotoxicity was observed in the dose-range finding
study, even at the highest dose used (Table 2). There was
no difference between control and treated groups in embryo-
lethality, or in the weights of fetuses (male, female or com-
bined), fetal liver, fetal kidney, or fetal brain. Only a few
malformations were observed; these consisted of single fe-
tuses with short tail and spina bifida (0.25 mg/kg/day group),
malformed thoracic vertebrae (0.25 mg/kg/day group),
branched thoracic ribs (0.50 mg/kg/day group), misalign-
ment of a single sternebra (0.50 mg/kg/day group), and uni-
lateral hydronephrosis (1.75 mg/kg/day group). These mal-
formations did not appear to be related to FB, dose since
only single incidences were noted.

Since doses above 1.00 mg/kg/day produced 0% (0/7) or
20% (1/5) maternal survival to GD 29 for the 1.25 and
1.75 mg/kg/day doses, respectively, they were dropped from
further study. Of the 10 rabbits treated at 0.25 mg/kg/day,
1 died and 1 aborted. In order to find a dose with no effect,
a lower dose (0.10 mg/kg/day) was used in further studies.
For the developmental toxicology study, the doses of FB;,
used were 0, 0.10, 0.50, and 1.00 mg/kg/day.

Developmental Toxicology Study

A total of 95 NZW rabbits were distributed to three dose
groups and a control group; the disposition of these animals
is indicated in Table 3. Maternal deaths were observed in
8.7 and 19.2% of animals treated at 0.50 and 1.00 mg/kg/
day, respectively. The frequency of deaths at 1.00 mg/kg/
day was similar to that observed in the dose-range finding
study (2/7 = 28.6%); maternal mortality was not present at
0.5 mg/kg/day in the dose-range finding study (Table 1).
Some animals in each group aborted their entire litters; al-
though the incidence was higher among treated rabbits, it
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TABLE 2
Embryotoxicity in NZW Rabbits in Dose-Range Finding Study
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Fumonisin B, (mg/kg/day; po)

0 0.25 0.50 1.00 1.25 1.75
No. litters: 5 4 3 2 0 1
No. implantation sites/litter: 9.0 + 0.32 9.5 + 1.55 10.0 = 0.58 85+ 1.5 — 9
No. nonlive implants/litter: 04 =04 05=*05 03 +03 0 — 0
No. resorptions/litter: 02 +02 0 03+03 0 — 0
No. dead/litter: 02 +02 05 %05 0 0 — 0
No. litters with nonlive implants: 2 | 1 0 — 0
No. live fetuses/litter: 8.6 = 0.51 9.0 +1.22 9.7 + 0.88 85=x15 — 9
Fetal wt./litter: 454 + 1.20 38.7 = 5.01 374 £223 382 = 0.01 — 399
Liver wt./litter*: 3.00 = 0.10 2.55 £ 035 2.50 £ 0.17 241 = 0.11 — 2.68
Kidney wt./litter*: 0.42 = 0.01 0.34 + 0.05 0.34 = 0.02 0.35 = 0.03 — 0.37
Brain wt./litter: 1.07 £ 0.05 1.04 + 0.07 1.07 = 0.03 1.10 = 0.02 — 0.98
No. males: 22 13 17 7 — 4
Male wt/litter: 46.3 + 1.18 39.7 + 461 38.1 =203 38.0 + 1.95 — 41.7
No. females: 21 23 12 10 — 5
Female wt./litter: 45.0 = 1.80 38.1 £5.28 364 * 2.60 37.6 = 1.57 — 38.5

Note. Weights are presented in grams as means = SEM and are the average weights per litter.

“ Fetal tissues were collected.

did not appear to be dose-related (Table 3). Historically in
our laboratory, abortion occurs in approximately 3-4% of
control rabbits.

Overall, maternal weight gain was not different among
groups. There were also no differences in uterine weight, or
the weights of matemal liver, brain, or kidneys (Table 3).

Food consumption was monitored daily, and there were no
differences in the average amount of chow consumed by
animals in the various treatment groups (Table 3).

There was no effect of FB, treatment on embryolethality
(Table 4). Although the total number of nonlive implants
was higher among treated groups, there was no significant

TABLE 3
Maternal Toxicity in NZW Rabbits Following Exposure to FB, on Gestational Days 3-19

Fumonisin B, (mg/kg/day; po)

0.00 0.10 0.50 1.00
No. animals treated: 22 24 23 26
No. animals died: 0 0 2 5
No. animals aborting litters: i 4 2 3
No. animals nonpregnant: 3 2 0 2
No. animals pregnant: 18 18 19 16
Maternal weight gain:
GD 3-GD 20: 247 = 38.7 237 £ 450 205 + 585 217 £ 51.7
GD 20-GD 29: 169 = 28.3 193 + 23.5 186 = 31.3 184 = 25.8
GD 3-GD 29: 417 + 462 458 * 378 4200 + 484 433 + 49.8
Average food consumption (g):
GD 3-GD 20: 1824 + 8.2 177.1 £ 6.1 184.0 = 10.8 1788 = 7.6
GD 20-GD 29: 163.6 = 7.4 1624 = 94 1479 + 6.7 171.4 = 100
GD 3-GD 29: 176.1 £ 6.1 1722 £ 538 171.9 £ 8.0 176.4 = 7.0
Maternal brain wt.: 9.17 £ 0.23 931 = 0.13 9.08 = 0.14 8.63 + 0.22
Maternal liver wt.: 95.7 £ 6.22 108.2 * 6.28 100.0 = 7.43 107.0 = 6.98
Maternal kidney wt.: 16.4 £ 0.57 18.4 = 0.78 1699 * 0.58 17.91 = 0.74
Maternal uterine wt.: 436 * 46.7 460 = 36.7 471 * 39.2 355 = 43.1

Note. Weights are presented in grams as means + SEM.
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TABLE 4
Embryotoxicity in NZW Rabbits Following Maternal Exposure to FB, on Gestational Days 3-19

Fumonisin B, (mg/kg/day; po)

0 0.10 0.50 1.00
No. litters 18 18 19 16
No. implantation sites/litter 8.4 = 0.63 8.8 = 0.37 9.5 = 0.56 73 +048
No. nonlive implants/litter 0.3 = 0.11 0.7 + 028 1.3 + 0.65 0.7 £ 0.28
No. resorptions/litter 0.2 £ 0.09 0.1 = 0.06 0.7 £ 0.58 0.1 = 0.09
No. dead/litter 0.1 £ 0.08 0.6 £ 026 0.6 = 0.37 0.2 + 0.27
No. litters with nonlive implants 5 7 9 7
No. live fetuses/litter 8.2 * 0.62 8.2 £ 043 8.2 * 0.70° 6.6 = 0.56
Fetal wt/litter 449 *+ 136 414 = 1.16 39.0 = 1.24* 37.5 = 1.63*
No. males 74 76 81 56
Male wt./litter 44.4 + 1.05 41.5 + 133 387 = 1.27* 38.0 = 1.84*
Male liver wt./litter 2.82 * 0.08 2.58 + 0.16 241 * 0.15* 2.34 = 0.13*
Male kidney wtJ/litter 0.42 = 0.01 0.36 = 0.02* 0.34 = 0.01* 0.31 = 0.02*
No. females 73 71 74 49
Female wt./litter 444 + 152 409 * 1.29 39.5 + 1.31* 37.3 = 1.58*
Female liver wtJ/litter 2.72 = 0.06 254 £ 0.11 2.48 = 0.19 2.24 * 0.14*
Female kidney wt./litter 0.44 = 0.03 0.38 = 0.02 0.34 = 0.02* 0.31 = 0.02*
Fetal liver/body wt. ratio 0.101 = 0.04 0.063 * 0.001 0.064 * 0.002 0.0656 * 0.002
Fetal kidney/body wt. ratio 0.0093 = 0.001 0.0091 = 0.0002 0.0089 x 0.0002 0.0088 + 0.0002

Note. Weights are presented in grams as means * SEM and are the average weights per litter.
“ One fetus had an encephalocele and a cleft sternum with ectopic liver; this fetus was not dissected and therefore the gender was not determined.

* Significantly different from controls (p < 0.05).

difference in the number of litters with nonlive implants.
There were no differences in the number of corpora lutea,
and there was no evidence of preimplantation loss (data not
shown). The average fetal weight was significantly decreased
in a dose-responsive manner at 0.50 and 1.00 mg/kg/day;
the same was true for both male and female weights at these
doses. The highest dose significantly decreased male and
female fetal liver and kidney weights. All of these tissue
weights except the female fetal liver were also decreased by
treatment at 0.50 mg/kg/day; additionally, male fetal kidney
weight was significantly decreased at 0.10 mg/kg/day. The
ratios of fetal organ weight/fetal body weight were not differ-
ent from those of the controls, suggesting that neither the
liver, the kidney, nor the brain were targets for FB,-induced
growth retardation (Table 4).

Few structural malformations were observed. These in-
cluded rib fusion (one fetus at 0.10 mg/kg/day, two fetuses
at 0.50 mg/kg/day, one fetus at 1.00 mg/kg/day); fusion of
thoracic 14 rib to vertebra 13 (one fetus at 0.10 mg/kg/
day); unilateral knobby rib (one fetus at 0.10 mg/kg/day);
sternebrae fusion (one fetus at 0.50 mg/kg/day); unilateral
ectopic kidney and mild hydronephrosis (one fetus at 1.00
mg/kg/day); severe hydrocephalus, flexion contracture, and
kinked tail (one fetus at 0.50 mg/kg/day); encephalocele,
cleft sternum, and ectopic liver (one fetus at 0.50 mg/kg/
day); and omphalocele and diaphragmatic hernia (one con-
trol fetus).

There appears to be individual differences in maternal
susceptibility to the effects of FB,. The one rabbit treated
with 1.75 mg/kg/day that survived to GD 29 showed no
pathological lesions in the liver and only mild proliferative
glomerulopathy in the kidney; serum ALT and AST were
well within normal limits (data not shown). Of the four other
rabbits given this dose, two died, one aborted her entire
litter, and the fourth was euthanized on GD 20 for Sa/So
analysis. The rabbit that aborted was not examined further,
but the other two had pathological lesions in the liver, kid-
ney, and brain. The animal that was sacrificed on GD 20
had elevated Sa/So ratios in serum and kidney; serum ALT
and AST were over 10-fold higher than the upper limit of
the normal range (data not shown). This animal also demon-
strated pathological changes in the liver and kidney, but
there were no changes in the brain. At this time, the reason
for the individual differences in susceptibility is unknown.

Sphingolipid Analysis

Maternal serum, urine, liver, kidney, and brain as well as
fetal liver, kidney, and brain were collected from animals
treated on GD 3-19 and euthanized on GD 20. These sam-
ples were analyzed for sphinganine and sphingosine levels;
results are shown in Fig. 1. There were dose-related increases
in the Sa/So ratio in maternal serum and urine (Fig. 1A).
This appeared to be due primarily to an increase in the






