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BACKGROUND: Indole-3-carbinol (I3C) is a product of the hydrolysis of glucobrassicin that is found in cruciferous
vegetables. I3C can intervene in toxic processes that are mediated by oxidative mechanisms because it possesses the
chemical and pharmacokinetic properties necessary to provide a free radical trap. Cyclophosphamide (CP) is a
bifunctional alkylating agent known to produce DNA damage and to cause developmental toxicity, including
malformations, in laboratory animals. METHODS: Pregnant CD-1 mice were given a 100 mg/kg dose of I3C 24 or 48 hr
before administration of 20 mg/kg CP on gestation day 10 (GD 10). Controls were given the vehicle (DMSO), I3C, or CP.
This regimen was carried out to determine if I3C could protect against the developmental toxicity of alkylating agents,
such as CP. Dams were sacrificed on GD 17 and their litters were examined for adverse effects. RESULTS: Treatment
with I3C 48 hr before CP administration was associated with decreased fetal limb and tail malformations. Limb
malformation incidences were reduced from 42% litters affected in the CP control to 16% in the I3C/CP 48-hr treatment
group, and tail malformations were reduced from 45% in the CP control to 16% in the I3C/CP 48-hr treatment group,
indicating a protective effect of prior exposure to I3C. I3C given 24 hr before CP had no significant protective effect,
while having an apparently adverse consequence with regard to the incidence of talipes. CONCLUSIONS: Exposure of a
developing mammal to indole-3-carbinol before exposure to cyclophosphamide during organogenesis can influence the
teratogenicity of cyclophosphamide. Birth Defects Res B 74:261–267, 2005. r 2005 Wiley-Liss, Inc.
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INTRODUCTION

Indole-3-carbinol (I3C) is a naturally occurring compound
found in cruciferous vegetables of the genus Brassica, which
includes cabbages, broccoli, Brussels sprouts, turnips, kale,
and kohlrabi. I3C is produced when these vegetables are
macerated, cut, or cooked, via the myrosinase-catalyzed
hydrolysis of glucobrassicin, an indole glucosinolate. Myr-
osinase is an endogenous enzyme that is stored in a
compartment in the plant cell separate from the glucobras-
sicin, and it is released only when the plant cell is damaged
(Verhoeven et al., 1997). I3C is not a stable compound at
acidic pH, forming the major active condensation product
3,30-diindolylmethane (DIM), along with minor metabolites.
A study conducted by Arnao et al. (1996) determined that
I3C was stable between pH 5.5–11.5, but that at pH 3–4 it
degraded to 3,30-DIM quickly, losing as much as 50% of the
initial I3C within minutes. In addition to the parent
compound, certain polyaromatic indolic metabolites, such
as DIM, are apparently responsible for the biological
activities of I3C (Broadbent and Broadbent, 1998a,b).

The role of I3C as an anticarcinogenic compound
(stomach, prostate, and breast cancer, among others) and
its mechanisms of action have been studied extensively

(Wattenberg and Loub, 1978; Bradlow et al., 1991;
Ge et al., 1996; Cover et al., 1998; Brignall, 2001;
Chen et al., 2001; Chinni et al., 2001; Auborn et al.,
2003; Le et al., 2003; Li et al., 2003; Nachshon-Kedmi
et al., 2003). The ability of I3C to inhibit binding of
carcinogens to DNA bases such as adenine and guanine,
preventing the formation of DNA adducts, has been
studied by Arnao et al. (1996). I3C and 3,30-DIM have
also been shown to induce both Phase I and Phase II
enzymes important in the biotransformation of xenobio-
tics, such as glutathione-S-transferase (Bogaards et al.,
1994; Nijhoff et al., 1995a,b; van Iersel et al., 1999). The
induction of mixed function oxidase enzyme systems is
an important mechanism in bioprocessing and therefore
in the reduction of harmful effects from exposure to
certain carcinogenic compounds. I3C has been shown
to be an effective anti-oncogenic agent, acting mainly by
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inducing G1 cell cycle arrest via inhibition of cyclin-
dependent kinase 6 (CDK-6) expression, with later
stimulation of CK1 inhibitor production (Cover et al.,
1998; Zhang et al., 2003). In numerous studies, I3C has
been shown to shift estradiol metabolism from 16a- to 2-
hydroxyestradiol, a less active form, by binding to the Ah
receptor, inducing cytochrome P450 CYP1A1 (Cover
et al., 1999; Auborn et al., 2003).

Another protective mechanism attributed to I3C and its
metabolites is that they may act as free radical scavengers.
For example, I3C protects against carbon tetrachloride-
mediated hepatotoxicity and lipid peroxidation in rats
(Shertzer et al., 1988). Shertzer et al. (1988) suggested that
I3C was acting as a free radical scavenger and that the
reduction in cellular damage was not due to the induction
of cytochrome P450 isozymes. In an in vitro study by
Arnao et al. (1996), I3C was shown to be an effective free
radical scavenger in a time- and concentration-dependent
manner. I3C has also been shown to reduce chromosomal
aberrations in mouse bone marrow, most probably through
free radical scavenging (Agrawal and Kumar, 1999).

Cyclophosphamide (CP) is a powerful antineoplastic
agent. It must be bioactivated by cytochrome P450
monooxygenases into 4-hydroxycyclophosphamide and
aldophosphamide and then into its ultimate cytotoxic
metabolites, phosphoramide mustard and acrolein
(Mirkes, 1985). The actual target of CP is debated. DNA
seems to be the major target, but mRNA and proteins may
also be involved. Phosphoramide mustard is a bifunc-
tional alkylating agent and induces cell damage by
alkylating the N7 position of guanosine and deoxygua-
nosine (Mehta et al., 1980). Acrolein is thought to be
responsible for some side effects of CP chemotherapy,
such as cystitis (Brock et al., 1979; Wrabetz et al., 1980) and
has been demonstrated to be teratogenic (Hales, 1982).

Cyclophosphamide is also a well-studied proterato-
gen. In mice, it exerts teratogenic effects if given on
gestation days (GD) 10–16, and the period of greatest
sensitivity is GD 10–12. The most common defects
induced are head, limb, digit, and tail malformations
(Mirkes, 1985). CP must be bioactivated to act as a
teratogen, and the teratogenic metabolites have again
been found to be phosphoramide mustard and acrolein
(Hales, 1982; Mirkes, 1985). Not all tissues are equally
sensitive to the effects of CP. In embryos, neuroepithe-
lium and mesenchyme are very sensitive, outer ectoderm
exhibits moderate sensitivity, and heart tissue is highly
resistant (Mirkes and Greenaway, 1985). The fact that CP
can be administered at levels that induce a wide range of
defects when administered during the sensitive gesta-
tional period, while not causing apparent maternal
toxicity or embryonic deaths, has made this drug a
popular one for studying a variety of mechanisms in
development and the protective effects of other agents
(Huang and Hales, 2002; Gomes-Carneiro et al., 2003).

To investigate the potential of I3C to act as a protective
agent, CP was used to induce malformations. Because
I3C has been shown to have free radical scavenging and
cytochrome P450 modulating ability, it was feasible to
believe that it might protect against the effects of CP.
Such protection might be accomplished by mechanisms
such as scavenging the free radicals produced by CP
or by modulating cytochrome P450, as CP is bioactivated
by cytochrome P450 monooxygenases and generates free
radicals.

MATERIALS AND METHODS

Animals and Husbandry

Male and female CD-1 mice, obtained from Charles
River Breeding Laboratories, were housed in an AAA
LAC-approved animal facility in rooms maintained at
22721C with 40–60% humidity and a 12-hr photoperiod.
Animals were bred naturally, two females with one male.
Observation of a copulation plug designated GD 0. Mated
females were individually housed in shoe-box type cages
with hardwood bedding and given Harlan Teklad Rodent
Diet (Harlan Teklad, Madison, WI) and water ad lib.

Test Chemicals

Dimethylsulfoxide (DMSO) was obtained from Fisher
Scientific (Pittsburgh, PA). Indole-3-Carbinol (I3C) and
cyclophosphamide monohydrate (CP) were obtained
from Sigma-Aldrich (St. Louis, MO). I3C was dissolved
in DMSO, and CP was dissolved in 0.9% saline to yield
the appropriate concentrations for dosing. Solutions of
I3C and CP were prepared daily at the time of dosing.

Treatments

The CP dose employed was based on the findings of a
range-finding study (Lewis and Hood, unpublished
data), in which a dose of 20 mg/kg was found to induce
a wide range of malformations without causing embryo
lethality or obvious maternal toxicity. Timing of CP
administration was based the results of that study and on
the review by Mirkes (1985), which pointed out that CP
exerts dysmorphologic effects between GD 10 and 16.
Although concurrent treatment of mice with I3C
(200 mg/kg) and 3,30,4,40,5-pentachlorobiphenyl had
neither antagonist nor agonist effects on the teratogeni-
city of the latter compound, Agrawal and Kumar (1999)
reported that dosing mice with I3C 48 hr before admin-
istration of CP afforded a protective effect against
induction of chromosomal aberrations. These findings
lead to our use of prior exposure to I3C in the current
study. And preliminary to the current study, a 50 mg/kg
dose of I3C given 24 or 48 hr before CP was found to be
ineffective in influencing the incidence of CP-induced
fetal abnormalities, whereas 100 mg/kg had noticeable
effects (data not shown). The higher dose was chosen for
the definitive study.

Mated females were randomly assigned to one of five
treatment groups: (1) vehicle control, 10 ml/kg DMSO on
GD 8, (2) I3C, 100 mg/kg on GD 8, (3) CP, 20 mg/kg on
GD 10, (4) I3C, 100 mg/kg on GD 8, followed in 48 hr by
CP, 20 mg/kg, or (5) I3C, 100 mg/kg on GD 9, followed in
24 hr by CP, 20 mg/kg. DMSO and I3C were adminis-
tered by oral gavage, whereas CP was given by
intraperitoneal (i.p.) injection.

Data Collection

On GD 17, pregnant females were euthanized by CO2

overdose. The uteri of pregnant dams were exposed, and
the numbers of resorptions and dead or live fetuses were
recorded. Live fetuses were removed from the uterus and
weighed individually. Maternal weights, minus the
gravid uterine weight, were then obtained. Litters were
initially fixed in 70% ethanol, examined for gross
malformations, and then cleared and stained by a
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double-staining technique described by Webb and Byrd
(1994). Subsequently, fetuses were examined for skeletal
anomalies.

Data Analysis

The litter was used as the experimental unit for
statistical analysis. Malformations were grouped as
follows, according to the affected anatomical area of
the fetus: cranial (exencephaly or exencephalocele); tail
(short or bent); talipes; limb (micromelia or amelia); digit
(adactyly, brachydactyly, oligodactyly, oligosyndactyly,
polydactyly, polysyndactyly, or syndactyly). All tabular
data are presented as the mean7SEM. Data were
analyzed by one-way analysis of variance (ANOVA),
followed by an LSD post-hoc test to determine specific
significant differences (pr0.05).

RESULTS

Maternal Data

Maternal weight gain was not significantly affected by
the administration of I3C or CP (Table 1), alone or in
combination. Dams in the CP and I3C1CP 24-hr treatment
groups gained less weight than dams in the other groups;
however, the difference in weight gain was not statistically
significant (p40.05). Dams in the I3C1CP 48-hr treatment
groups did not differ in weight gain from the DMSO and
I3C control groups, and no clinical signs of maternal
toxicity were noted among any of the treatment groups.

Fetal Data

Fetuses in the CP, CP1I3C 24 -hr, and CP1I3C 48-hr
groups weighed significantly less (pr0.05) than those
from either the DMSO or I3C control groups (Table 1).
Fetuses in the CP1I3C 24-hr group also weighed
significantly less (pr0.05) than the CP1I3C 48- hr group
fetuses. The percentages of fetuses displaying tail defects
or talipes or other limb defects or digit defects (Fig. 1) in
the CP control and I3C1CP 24- and 48-hr treatment
groups differed significantly (pr0.01) from those
values for the DMSO and I3C controls (Table 2). The I3C
1CP 48-hr treatment group exhibited a significant

Table 1
Net Maternal Weight Gains and Fetal Weights of Mice Treated During Gestation With Cyclophosphamide (CP)

With or Without Prior Exposure to Indole-3-Carbinol (I3C)

Treatment

DMSOa I3Cb CPc I3C1CP 24 -hrd I3C1CP 48 -hre

Fetuses/litters examined (no.) 183/15 183/17 174/16 189/16 286/20
Maternal weight gain (g7SEM) 10.5270.54 11.3770.52 9.1170.81 9.370.77 10.2870.69
Fetal weight (g7SEM) 1.1070.04 1.1070.04 0.73f70.04 0.68g70.04 0.78h70.03

a10 ml/kg, p.o., given on GD 8
b100 mg/kg, p.o., given on GD 8.
c20 mg/kg, i.p., given on GD 10.
dI3C, 100 mg/kg, p.o., given on GD 9, followed in 24 hr by CP, 20 mg/kg, i.p.
eI3C, 100 mg/kg, p.o., given on GD 8, followed in 48 hr by CP, 20 mg/kg, i.p.
fDiffers from DMSO and I3C control (pr0.05).
gDiffers from I3C1CP 48 hr (pr0.05), DMSO, and I3C.
hDiffers from I3C1CP 24 hr (pr0.05), DMSO, and I3C.

Fig. 1. a: Forelimbs of a control mouse fetus. b: Forelimb
micromelia in a mouse fetus transplacentally exposed to
cyclophosphamide.
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Table 2
Incidence of Malformations in Mouse Fetuses Following Maternal Exposure to Cyclophosphamide (CP)

During Gestation, With or Without Prior Exposure to Indole-3-Carbinol (I3C)

Fetuses/litters examined (no.)

Treatment

DMSOa I3Cb CPc I3C1CP 24 -hrd I3C1CP 48 -hre

(183/15) (183/17) (174/16) (189/16) (286/20)

Malformation
Head

Fetuses/litters (no.) 0/0 0/0 15/7 28/8 7/5
Fetuses affected (%7SEM) 0.0 0.0 10.075.6 16.676.0g 4.972.7h

Litters affected (%) 0 0 44 50 25
Tail

Fetuses/litters (no.) 7/6 3/3 73/13 78/12 41/10
Fetuses affected (%7SEM) 3.6271.23 1.6570.96 45.379.1g 49.8710.1g 15.975.0f,h

Litters affected (%) 40 18 81 75 50
Talipes

Fetuses/litters (no.) 0/0 0 33/9 49/13 38/11
Fetuses affected (%7SEM) 0.0 0.0 15.874.6h 29.274.5f,g 15.374.6h

Litters affected (%) 0 0 56 81 55
Limb

Fetuses/litters (no.) 0/0 0 72/10 67/11 30/11
Fetuses affected (%7SEM) 0.0 0.0 42.0710.8g 43.4710.7g 15.976.2f,h

Litters affected (%) 0 0 62 69 55
Digit

Fetuses/litters (no.) 4/2 0/0 156/16 154/15 215/19
Fetuses affected (%7SEM) 2.1171.7 0.0 90.374.9 89.176.6 84.975.7
Litters affected (%) 13 0 100 94 95

a10 ml/kg, p.o., given on GD 8.
b100 mg/kg, p.o., given on GD 8.
c20 mg/kg, i.p., given on GD 10.
dI3C, 100 mg/kg, p.o., given on GD 9, followed in 24 hr by CP, 20 mg/kg, i.p.
eI3C, 100 mg/kg, p.o., given on GD 8, followed in 48 hr by CP, 20 mg/kg, i.p.
fDiffers from CP-only control (pr0.01).
gDiffers from DMSO, I3C, and I3C1CP 48 hr (pr0.05).
hDiffers from DMSO, I3C, and I3C1CP 24 hr (pr0.05).

Table 3
Incidence of Malformations in Mouse Fetal Skeletons Following Maternal Exposure to Cyclophosphamide (CP)

During Gestation With or Without Prior Exposure to Indole-3-Carbinol (I3C)

Fetuses/litters examined (no.)

Treatment

DMSOa I3Cb CPc I3C1CP 24-hrd I3C1CP 48-hre

110/9 140/11 105/9 122/11 134/11

Malformation
Vertebral malformations

Fetuses/litters (no.) 2/2 2/2 99/9 98/10 88/9
Fetuses affected (%7SEM) 1.5671.04 1.3670.92 91.775.9f 82.6711.1f 68.5712.7f

Litters affected (%) 22 18 100f 91f 82f

Rib malformations
Fetuses/litters (no.) 2/2 12/4 72/9 98/11 78/9
Fetuses affected (%7SEM) 1.4470.96 10.877.2 69.2711.2f 82.079.1f 62.9711.3f

Litters affected (%) 22 36 100f 100f 82f

Sternal malformations
Fetuses/litters (no.) 6/3 2/2 23/6 58/7 27/8
Fetuses affected (%7SEM) 7.7875.49 1.6471.10 25.0710.6f 50.8713.7f 27.679.7f

Litters affected (%) 33 18 67f 64f 73f

a10 ml/kg, p.o., given on GD 8.
b100 mg/kg, p.o., given on GD 8.
c20 mg/kg, i.p., given on GD 10.
dI3C, 100 mg/kg, p.o., given on GD 9, followed in 24 hr by CP, 20 mg/kg, i.p.
eI3C, 100 mg/kg, p.o., given on GD 8, followed in 48 hr by CP, 20 mg/kg, i.p.
fDiffers from DMSO and I3C (pr0.05).
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(pr0.01) decrease in the observed incidences of tail and
limb malformations, in terms of fetuses affected, versus
the CP control group. No significant differences were
found among treatment groups with regard to the
percentage of litters affected. A 51% reduction in fetuses
with head malformations was observed in the I3C1CP
48-hr treatment group in comparison with the CP control
group. This difference was not statistically significant
(p40.05) Table 2.

The percentages of fetuses displaying head, tail, or
limb defects or talipes were greater in the I3C1CP 24-hr
treatment group than in the CP control or I3C1CP 48-hr
treatment groups. The I3C1CP 24-hr treatment group
experienced a significantly higher percentage of fetuses
affected by talipes (pr0.05) than those in the CP control
or I3C1CP 48-hr treatment groups (Table 2). Fetuses in
the I3C1CP 24-hr treatment group also displayed a
greater percentage of fetuses with rib malformations
than the CP control or the I3C1CP 48-hr treatment
groups (Table 3). The occurrence of sternal malforma-
tions in the I3C1CP 24-hr treatment group was approxi-
mately double that in either the CP control or I3C1CP
48-hr treatment groups, although this difference was not
statistically significant (p40.05).

Fetal skeletal malformations were also seen as a result
of maternal CP treatment. Significant increases in the
proportion of fetuses with rib abnormalities (delayed
ossification and misshapen ribs), vertebral malforma-
tions (bipartite, dumbbell, fused, or incompletely ossified
centra, fused cervical vertebrae), or sternal defects
(bipartite sternum) were observed in CP controls and
treatment groups in comparison with those not exposed
to CP. None of these abnormalities, however, were
decreased significantly in incidence by pretreatment
with I3C.

DISCUSSION

I3C is a glucosinolate derivative that has been
implicated in the prevention of cancer. We chose to
examine its potential as a protective agent against a well-
known proteratogen, cyclophosphamide. CP has been
used to study protective effects of other compounds,
such as amifostine, which has been proposed to protect
the kidneys of rats through protection from cyclophos-
phamide-generated reactive oxygen species (Stankiewicz
and Skrzydlewska, 2003). Others have studied I3C in
conjunction with CP, specifically to investigate its
protective ability against the induction of chromosomal
aberrations in mouse bone marrow (Agrawal and Kumar,
1999). It was speculated that I3C acted as a free radical
scavenger and protected the marrow cells by attenuating
free radical production by CP.

Our results indicate that I3C exhibited protective
effects against certain CP-induced malformations if
administered 48 hr before the administration of CP. In
contrast to the 48 hr pretreatment results, the fetuses
from dams receiving I3C 24 hr before CP did not
experience a reduction in the number of malformations
of any type and weighed less than fetuses from the I3C
48 hr group. Most types of malformations were, in fact,
apparently exacerbated, although the increase was
significant only for talipes.

14C-labeled I3C has been shown to be taken up by
pregnant mice after gavage administration, and its

distribution in most maternal and fetal tissues peaked
at 8 hr post administration (Yu et al., 2005). In that study,
dietary administration of I3C induced the expression of
maternal and fetal liver proteins and genes associated
with Phase I and Phase II metabolism. Further, I3C given
by gavage to mice was found to be rapidly absorbed,
distributed, and eliminated from plasma and tissues,
with the highest concentrations in the liver (Anderton
et al., 2004). Acid condensation products of I3C, such as
DIM and [2-(indol-3-ylmethyl)-indol-3-yl]indol-3-yl-
methane, were found in equivalent amounts in both
tissues and plasma between 0.25–24 hr after administra-
tion of the parent compound, and a major oxidative
metabolite, indole-3-carboxylic acid was also found in
the plasma. Thus, I3C and its acid condensation products
and metabolites should be available for in vivo pharma-
cological activity after oral intake of I3C.

Although CP is detoxified by Phase II enzymes, such
as glutathione-S-transferase, it is known to be bioacti-
vated by a number of P450 isozymes, including CYP1A,
CYP2B, and CYP3A. These bioactivating isozymes have
been shown in previous studies to be induced or
inhibited by various compounds, e.g., the inhibition of
CYP2B1 by b-ionine (Gomes-Carniero et al., 2003).

I3C has been shown specifically to increase plasma
and rectal cell levels of glutathione-S-transferase (GST)
class-a, an important detoxification enzyme (Bogaards
et al., 1994, Nijhoff et al., 1995a,b), and glutathione has
been shown to protect against CP-induced toxic effects in
the rat embryo (Han et al., 1995). I3C has also been
demonstrated to differentially induce CYP1A1 and
CYP1B1 (Larsen-Su and Williams, 2001), and induction
of hepatic P450 isozymes has been seen after feeding I3C-
containing diets to rats for 48 hr (Wortelboer et al., 1992).
If I3C were indeed inducing a cyclophosphamide
bioactivating CYP isoenzyme, then the observed effects
in the 24-hr treatment group might be expected. Like-
wise, I3C may have induced GST, as has been shown
after gavage dosing in pregnant rats (Marty et al., 2003),
allowing for faster clearing of the teratogenic metabolites
of CP. The results observed for the 48-hr treatment group
might also be expected, if there is a lag in induction time
between the two enzyme types. The exacerbation in the
24-hr treatment group and the attenuation of defects in
the 48-hr treatment group strongly suggest that modula-
tion of Phase I and Phase II enzymes by I3C is a factor
in our results.

The exact mechanism(s) of protection by I3C from
certain of the teratogenic effects of CP are not known at
this time. I3C could have been affecting embryonic
metabolism of cyclophosphamide, if sufficient induction
of embryonic biotransforming enzymes had occurred,
which might have been necessary to influence the time
on target of the short-lived active moiety. Possibilities
include free radical scavenging, as CP does form free
radical metabolites. Free radical scavenging has been the
proposed mechanism for I3C protective effects against
the toxic effects of carbon tetrachloride, as well as those
of CP (Shertzer et al., 1988; Agrawal and Kumar, 1999).
Our study suggests that I3C may have induced both
Phase I and Phase II enzymes to cause both adverse and
protective effects in a time-dependent manner. Inhibition
of DNA binding also remains a possibility, as suggested
by Arnao et al. (1996). Another possibility is that I3C
inhibits the bio-activation pathways employing P450s,
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thus not allowing CP to be transformed into its
teratogenic metabolites, phosphoramide mustard and
acrolein. Such interference with CP activation has been
demonstrated by the use of carbon monoxide and
metyrapone by Greenaway et al. (1982). That does not
explain the apparent exacerbation of teratogenic effects
seen in the I3C 24-hr treatment group. Finally, the effects
observed by the authors could be a combination of any of
these mechanisms, for example, P450 modulation and
free radical scavenging. In addition, I3C may have
induced a temporary G1 cell cycle arrest (Cover et al.,
1998). If this were to happen to exposed embryos, it could
potentially impact the toxicity of cyclophosphamide,
which would be more active in cells in the S-phase (e.g.,
Schwartz and Waxman, 2001). Further study would be
required to determine the exact cause of the positive and
negative effects observed.

This study has demonstrated that indole-3-carbinol
administered during gestation at an adequate interval
before maternal exposure to a model teratogen could
diminish the induction of certain malformations in the
offspring. Such results in an animal model suggest that
dietary intake of adequate amounts of I3C might also
have protective effects against xenobiotic-induced devel-
opmental defects in humans. The acute exposure level of
I3C in this study (a single 100 mg/kg dose) is consider-
ably greater than those used chronically in typical dietary
supplementation (200–400 mg/day, or approximately
3–7 mg/kg/day, depending on maternal body weight)
(Bradlow et al., 1994; Rosen et al., 1998; Brignall, 2001) or
the 41–109 mg/day estimated intake from a diet high in
cruciferous vegetables (Agrawal and Kumar, 1999).
Whether dietary intake of I3C from cruciferous vegeta-
bles could provide adequate protection against even
marginal exposure to human chemical teratogens is yet
entirely unknown, and an increase in teratogenicity,
dependent upon maternal dosage and timing of expo-
sure, also remains a possibility.
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