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Abstract
Dibenzo[def,p]chrysene (DBC) is a transplacental carcinogen in mice (15 mg/kg; gestation day
(GD) 17). To mimic residual exposure throughout pregnancy, dams received 4 smaller doses of
DBC (3.75 mg/kg) on GD 5, 9, 13 and 17. This regimen alleviated the previously established
carcinogenic responses in the thymus, lung, and liver. However, there was a marked increase in
ovarian tumors (females) and hyperplastic testes (males). [14C]-DBC (GD 17) dosing revealed
transplacental distribution to fetal tissues at 10-fold lower concentrations than in paired maternal
tissue and residual [14C] 3 weeks post dose. This study highlights the importance of
developmental stage in susceptibility to environmental carcinogens.
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INTRODUCTION
The “Fetal Basis of Adult Disease” or Barker Hypothesis is relevant to a number of chronic
diseases in humans including diabetes, asthma, cardiovascular disease, and cancer as well as
neurological and behavior toxicities [1–4]. With respect to cancer, a number of
epidemiology studies have documented that exposure of pregnant women to environmental
carcinogens such as cigarette smoke enhances the risk for the offspring of developing a
number of cancers [5–7]. Animal models have documented that a number of chemicals are
transplacental carcinogens including the tobacco specific nitrosamine NNK, the cooked
meat mutagen PhIP (2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine), benzene, arsenic,
phenytoin, drugs targeting HIV and polycyclic aromatic hydrocarbons (PAHs) [8–16].
PAHs have been documented to be bioavailable to the fetus and to generate DNA damage
[17–23]. Dibenzo[def,p]chrysene (DBC) is a potent environmental PAH in animal models of
carcinogenesis and has recently been reclassified by the International Agency for Research
on Cancer (IARC) from possible carcinogenic (2B) to probably carcinogenic in humans
(2A) [24]. Our laboratory has demonstrated that exposure of pregnant mice (C57B6129F1
dams bred to 129 males) to a single dose of DBC (15 mg/kg by gavage) during late
pregnancy was carcinogenic to the offspring [16]. Over half the offspring had to be
euthanized due to an aggressive T-cell lymphoblastic lymphoma that invaded almost every
organ. The surviving mice at 10 months had a 100% incidence of pulmonary tumors
(multiplicity of about 15) and approximately 70% of the males (and almost no females) had
liver lesions (primarily precancerous lesions and adenomas) [16]. Subsequent studies with
cyp1b1 knockout mice demonstrated that fetal Cyp1b1 was required for development of the
T-cell lymphoma [25]. Cross-fostering studies further demonstrated that the 2–3 day in utero
exposure to DBC resulted in much higher lymphoma-associated mortality than exposure to
residual DBC in the breast milk over the 3 weeks of nursing [26].

Developmental expression of CYPs in the 1 family is important in the transplacental
toxicities of PAHs [27]. Studies with expressed mouse and human CYPs have found that
CYP1A1 and CYP1B1 are effective in the bioactivation of PAHs to mutagenic and
carcinogenic metabolites, primarily diol-epoxides. For example, benzo[a]pyrene-7,8-trans-
dihydrodiol-9,10-syn-epoxide (BPDE) is one of the more potent mutagenic products of Cyp
metabolism of benzo[a]pyrene and forms DNA adducts, primarily at 2′-deoxyguanosine and
2′-deoxyadenosine [28]. Expressed Cyp1a2 exhibits lower activity toward PAHs than other
members of the Cyp1 family [28,29] and is not expressed at appreciable levels in the mouse
until after birth [30]. Surprisingly, Cyp1a1 (not expressed constitutively in liver but
inducible by aryl hydrocarbon receptor (Ahr) ligands, including PAHs) activity appears to
provide protection against PAH toxicity as Cyp1a1 null mice exhibited enhanced sensitivity
to PAHs [31]. Cyp1b1, like Cyp1a1, is not expressed constitutively in liver but is inducible
via the Ahr (although not to the same degree as Cyp1a1); rather it is found constitutively in a
number of extrahepatic tissues including testis, ovary, thymus, breast and prostate [32] and
is expressed at high levels in the third trimester of pregnancy [30].

As the major enzymes involved in PAH bioactivation are expressed in a tissue- and
developmental-specific manner during embryogenesis, and to better model human
exposures, we examined DBC transplacental carcinogenesis when maternal exposure
occurred during all trimesters. For comparison with a single 15 mg/kg dose on GD 17, the
dose was divided into 4 smaller doses administered (3.75 mg/Kg by gavage) on GDs 5, 9, 13
and 17. These periods cover all three trimesters including the first which is often the most
sensitive to teratogenic effects. We report here that this multiple-dosing regimen of DBC to
the pregnant mouse produced a marked alteration in the carcinogenic response in the
offspring. Studies with [14C]-DBC were also performed to determine the time-dependent
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levels of radioisotope distribution in maternal and fetal target tissues, as well as in urine and
feces, following a single oral dose (15 mg/kg GD 17).

MATERIALS AND METHODS
Chemicals

DBC (CAS No.: 191-30-0; formerly referred to as dibenzo[a,l]pyrene) was obtained from
the National Cancer Institute (NCI) Chemical Reference Standard Repository at Midwest
Research Institute (Kansas City, MO) and was greater than 98% purity as determined by
HPLC with UV detection [16]. Uniformly labeled [14C]-DBC was obtained from the NCI
Radiochemical Carcinogen Reference Standard Repository previously operated by Chemsyn
Science Laboratories (Lenexa, KS) with a specific activity of 51.4 mCi/mmol. This material
was purified by Tjaden Biosciences, LLC (Burlington, IA) to >99% radiochemical purity.
Other reagents utilized in this study were as described previously [16,25,26].

Animals and Diets
Breeding pairs of mice (B6129SF1/J females and 129S1/SvImJ males, eight weeks of age)
were purchased from Jackson Laboratories (Bar Harbor, ME) and housed under pathogen-
free conditions (micro-isolator cages from Life Products, Inc., Seaford, DE with Care
FRESH bedding) at 20° ± 1°C and 50% ± 10% humidity with a light/dark cycle of 12 hours.
Following arrival, mice were acclimated for 1 week prior to the initiation of breeding.
Offspring were housed separately by sex and litter and fed AIN93G until three months of
age and then AIN93M (both from Research Diets, New Brunswick, NJ) diet until the study
was terminated at 10 months. Mice were observed daily for any signs of pain or discomfort
and if any were observed the mice were euthanized by CO2 asphyxiation and a cervical
dislocation performed prior to necropsy. All procedures used for the handling and treatment
of mice in this study were approved by the Oregon State University Institutional Animal
Care and Use Committee.

Study Design
Females were paired with males and monitored daily for the appearance of a vaginal plug
(denoted GD 0). The dams were dosed either with a single gavage of 15 mg/kg DBC in corn
oil (5 ml/kg) on GD 17 or with four total gavages (3.75 mg/kg DBC each) given to the dam
on GD 5, 9, 13 and 17. Offspring were housed and monitored as described above until 10
months of age. To determine the distribution of total [14C]-DBC equivalents to the fetus, a
subset of dams were randomly chosen and administered 300 μCi [14C]-DBC/kg, diluted to a
specific activity of 20 μCi/mg DBC (to yield a dose of 15 mg/kg on GD 17), again by
gavage in corn oil. The first experiment consisted of a time course with four dams dosed on
GD 17 and four respective litters collected at each time point (2, 4, 6 or 8 hours after
dosing). Dams and fetuses were euthanized appropriately (CO2 asphyxiation followed by
cervical dislocation for dams and decapitation for fetuses), blood was collected into
heparinized vials and spun at 15,000 g for 15 minutes to obtain plasma. Tissues and plasma
(as well as maternal urine and feces) were stored at −80°C until analysis. A second cross
foster experiment was conducted to assess transplacental versus translactational exposure as
previously described [26]. Briefly, dams were gavaged with [14C]-DBC (n=3) or corn oil
(n=3) on GD 17 and monitored for the delivery of offspring. After birth, neonates from
DBC-treated mothers were randomly assigned to a foster corn oil-treated mother and vice
versa so as to receive exposure only in utero or through lactation. At post-natal day 21 (PND
21), when these mice are normally weaned, tissues and plasma from a total of 40 pups (6
litters) and the 3 dams administered [14C]-DBC were euthanized and tissues collected as
described above, again pooling within a litter as the dam represents the experimental unit.
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Histopathology
At 10 months of age surviving mice were euthanized by CO2 asphyxiation, followed by
cervical dislocation, and a number of tissues (thymus, lung, liver, spleen, heart, kidney,
testis, ovary, uterus, colon, skin, and any (abnormal) lymph nodes) examined first by gross
necropsy and then fixed in 10% formalin. Fixed tissues were routinely processed to paraffin
blocks, and hematoxylin and eosin-stained sections were analyzed by a board-certified
histopathologist as previously described [16].

Sample preparation for liquid scintillation [14C]-DBC analysis
Fetal tissues including lung, liver, GI tract (stomach through colon with contents) were
pooled by tissue type within a litter and solubilized directly as described previously [33].
Maternal plasma, spleen and lung or homogenized portions of liver, GI tract (with contents),
placenta, and kidney, were solubilized accordingly. Feces required extended solubilization
time and bleach to remove color. Samples were then clarified with 1:5 H2O2: 2-propanol,
treated with glacial acetic acid to remove chemiluminescence and stored overnight in the
dark before measuring radioactivity by liquid scintillation.

Statistical Analysis
Litter size and sex ratio were assessed with Fisher’s exact test comparison of vehicle control
and DBC treatment groups and found to not be significantly different at p<0.05.
Comparisons of tumor multiplicity between four low doses of DBC and a single dose of
DBC evaluated the number of tumors per mouse for those with tumors. A mixed-effects
linear model was used to determine if there was statistically significant evidence between
dose groups in body weight and multiplicity. The random effects of gender and litter were
included in the model. There was statistically significant evidence of differences in body
weight between the control and DBC groups (p<0.001), as well as differences in multiplicity
between the four low doses and single high dose groups (p<0.001). Multiplicity was
analyzed as tumors per animal including those with zero (i.e., overall multiplicity). In
addition, there was evidence of considerable variance across the random effects gender and
litter in the measurement of body weight. Statistical analyses were performed using Matlab
R2011a (Version 7.12.0.635). Maternal and pooled-litter (fetal) [14C]-DBC concentrations
in both the time-dependent tissue distribution and cross-foster studies were roughly log
normal and hence log transformed for analysis. Each tissue (or ratio of tissues) of interest
was analyzed separately. [14C]-DBC concentrations were compared between the four time
points by overall ANOVA (n=4 dams/litters sacrificed per time point) followed by trend
and/or other contrasts. For the cross-fostered study there were n=3 pairs, so that the data are
shown for each cross-foster litter pair and the by-tissue paired t-tests,comparing the
exposure routes, had low power (2 denominator degrees of freedom and considerable
residual variation).

RESULTS and DISCUSSION
Maternal and Fetal Toxicity

Previous studies, utilizing this same cross of mouse strains and dosing with DBC on GD 17,
did not result in any maternal or fetal toxicities as evidenced by the lack of an impact on the
sex ratio (1.20 and 1.09, respectively), litter size (7.8 and 7.1) or birth weight [16]. In the
present study there was no treatment-related effect on litter size or offspring gender (Table
1). Treatment of dams with multiple doses of DBC did not result in smaller pups at birth but
there was a significant difference with respect to body weight of the pups upon weaning
(11.8 g versus 9.6 g, p< 0.0001).

Shorey et al. Page 4

Cancer Lett. Author manuscript; available in PMC 2013 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



DBC Transplacental Carcinogenesis
The greatest difference in tumor response in the offspring from in utero exposure following
treatment of dams with DBC at 4 doses of 3.75 mg/kg (maternal body weight) at GDs 5, 9,
13 and 17, compared to a single dose of 15 mg/kg at GD 17, was a total lack of mortality
due to an aggressive T-cell lymphoblastic lymphoma. This lymphoma appears from ages 3–
6 months much like what is observed in Tp53 (−/−) mice on the same genetic background
[34].

Following termination of the study, when offspring were 10 months of age, a marked
difference in target organ response was observed between treatment regimes. The incidence
of lung tumors in all our previous studies employing the single high dose was 100% and the
average lung tumor multiplicity was 13–15 (tumors/tumor-bearing mouse) [16,25,26,35–
37]. When a smaller DBC dose is administered over all trimesters, the lung tumor incidence
was reduced to 80% (data not shown) and the multiplicity significantly reduced to 2.6 ± 0.4
(p< 0.0001) (Figure 1, right panel). Gestational age at exposure to ethylnitrosourea (ENU)
markedly influences the multiplicity, size and morphology of lung tumors [38,39]. The
greatest period of susceptibility to transplacental ENU lung tumorigenesis appears to be
around GD 16, possibly due to variable rates of clonal expansion in the developing tissue
[39], with lung morphogenesis beginning on GD 10 [40]. In addition to changes in cellular
proliferation and differentiation throughout gestation, age-specific susceptibility to
mutagenic transplacental carcinogens such as ENU or PAHs may be due to differences in
expression of metabolic enzymes or in repair pathway activation. As treatments were
administered in this study on GD 5, 9, 13, and 17, it is possible that this window of
susceptibility and the lower individual doses were both factors in the reduced lung tumor
multiplicity observed. The reduction in liver lesions was also striking. Previously, the single
high dose resulted in a lesion (precancerous lesions and adenomas) incidence of 70%
(almost exclusively in males) while the multiple low doses yielded only a 6.3% incidence
(data not shown).

In contrast to the reduced response in lymphoma, lung and liver tumors, a marked increase
in the incidence of ovarian tumors was observed (Figure 1, left panel and Figure 2A).
Histologically, the ovarian tumors presented as sex-cord stromal tumors and included
granulosa cell tumors, granulosa cell-theca cell tumor, and luteoma. Some of the tumors had
extensive necrosis and hemorrhage. It is possible that exposure to DBC earlier in gestation
(during organogenesis and gonad differentiation) is responsible for this pathology. Exposure
of C57BL/6 mice to the PAHs benzo[a]pyrene (BaP) and 7,12-dimethylbenz[a]anthracene
(DMBA) in utero during early development (maternal treatment with 6 mg/kg total just prior
to conception) reduced the number of primordial follicles by over two thirds [41].
Interestingly, the ovarian toxicity also occurred following lactational exposure but the
greatest impact was if the mothers of female offspring were exposed both pre-pregnancy and
during lactation. The toxicity was shown by Jurisicova et al., to be aryl hydrocarbon receptor
(Ahr)-dependent with the use of Ahr antagonists [41]. We did not determine the impact of
Ahrb-1/d (responsive) versus Ahrd/d (non-responsive) genotype on the degree of ovarian
toxicity nor did we examine lactational exposure as a separate factor (pups were exposed to
residual DBC from distribution to maternal breast during gestation). The uteri of ovarian
tumor-bearing mice were examined and all showed cystic endometrial hyperplasia, a fairly
common finding in older mice but previously not seen to any great degree in 10 month-old
offspring from the B6129F1 × 129 cross.

In male offspring, abnormally small testes were seen, a pathology not previously observed
with the late gestation single DBC dose (Figure 2B). Histologically, these testes showed
diffuse atrophy of seminiferous tubules, marked Leydig cell hyperplasia, and scattered
granulomas. Igsajim et al., [42] found that exposure of mice on GD 14 to the high potency
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Ahr ligand TCDD resulted in an Ahr-dependent negative impact on prostate development.
TCCD has been known to be a reproductive toxicant in mice and other rodents, reducing
ano-genital distance and sperm viability later in life [43,44]. Leydig cell hyperplasia has
been documented in male mice following transplacental exposure to estradiol and
diethylstilbestrol [45,46]. Evidence also exists in humans for maternal smoking similarly
producing a negative impact on testicular development, possibly due in part to PAH
exposure [47,48].

Our results suggest differential tissue susceptibility to DBC, depending on age of
development at exposure. These findings are similar to studies with an environmental
mixture of PAHs, cigarette smoke, that differentially affects cancer incidence and target
organ depending on the developmental window of exposure in mice [49]. An alternative
explanation, provided by Buters et al., is that lower individual doses of DBC exert less acute
toxicity to immune cells thereby prolonging survival time and allowing alternative tissue
malignancies to develop [50].

[14C]-DBC Distribution
Tissue levels of [14C]-DBC equivalents (DBC plus metabolites) were measured in maternal
and fetal tissues, as well as in urine, plasma, and feces in separate animals euthanized at 2, 4,
6 and 8 hours following a single (15 mg/kg, ~10 μCi) dose by gavage on GD 17. The
geometric mean of maternal plasma from mice sacrificed at 2, 4, or 6 hours was fairly
constant at about 1.5 μg/ml DBC equivalents (Figure 3B) whereas the animals euthanized at
8 hours had about 1.8-fold lower levels (Cmax of approximately 3 μM). Maternal GI tract
with contents exhibited a significant increase between animals euthanized at 2 hours and
animals euthanized at 4 hours and the majority of radioisotope (~75%) remained there
throughout the 8 hour period (Figure 3A). Interestingly, the placenta was the only maternal
tissue shown to increase in concentration of [14C]-DBC equivalent between 6 and 8 hours.
The placental tissue in mice administered [14C]-benzo[a]pyrene (BaP) has similarly been
shown to retain radioactivity much longer than other maternal organs [51]. When expressed
as a ratio relative to plasma concentration, the following maternal tissues exhibited an
approximately constant percent increase per hour (kidney, 23.6%; liver, 19.6%; lung, 9.9%,
and placenta, 26.4%).

Compared to maternal plasma, fetal tissues exhibited 4- to 13-fold lower levels of [14C]-
DBC over the 2 to 8 hours after gavage (Figure 3B). Levels of [14C] were still increasing at
8 hours in the fetal GI tract and thymus but appeared to have reached a plateau in lung and
liver (Figure 3B). The concentrations at 8 hours were 773, 748 and 1274 ng [14C]-DBC
equivalents/g tissue (wet wt.) in fetal thymus, lung and liver, respectively (Figure 3C). For
animals euthanized at 8 hours, maternal lung and liver levels were 8- and 16-fold higher,
than the respective fetal tissue (Figure 3A and 3C). The fetal tissue:plasma ratios did not
increase over the first 6 hours nor did they differ between tissues, however at 8 hours this
ratio increased dramatically as plasma levels dropped, with fetal GI tract:plasma
significantly higher than other tissues.

The elimination of [14C]-DBC in maternal urine and feces was also followed over the 2–8
hour time-course demonstrating that the great majority of [14C]-DBC equivalents were
eliminated in the feces as expected for an oral exposure (Figure 3D).

However, this study was not designed to characterize the pharmacokinetics of DBC or its
metabolites directly nor was it of sufficient duration to fully define the clearance of [14C]-
DBC as shown in Figure 4. Such a study is currently in progress where the pharmacokinetics
of DBC and its diol and tetrol metabolites are being evaluated more extensively in cohorts of
36 non-pregnant and 36 pregnant (GD 17) mice (B6129SF1/J) administered DBC at the

Shorey et al. Page 6

Cancer Lett. Author manuscript; available in PMC 2013 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



same dose level (15 mg/kg) used in the current studies. Preliminary results indicate that the
half-lives for the clearance of DBC from blood, determined in subgroups of 3–4 mice
sacrificed at various times over 48 hours increased from approximately 7.2 hours in non-
pregnant mice to 14 hours in pregnant mice. This longer half-life corresponded to increased
peak concentrations and areas under the curve for DBC in blood of pregnant mice (13.7 ±
10.4 μM and 2911 μmol × min/L, respectively) vs. non-pregnant mice (3.5 0.3 and 1136
μmol × min/L, respectively). Work is in progress to more completely evaluate the impact of
pregnancy on the pharmacokinetics of DBC and its metabolites in blood, feces, urine,
tissues, and fetuses (where applicable) from these mice. Such data will facilitate the
continued development and refinement of a physiologically based pharmacokinetic model
for DBC [52] that will ultimately be used to relate dose levels used in these mouse
carcinogenicity studies to relevant human exposure scenarios.

In our previous studies on the transplacental carcinogenesis properties of DBC, we
performed a study with a cross-foster design [26]. We were somewhat surprised to see that
the majority of the T-cell lymphoblastic lymphoma mortality was due to the short 2–3 day in
utero exposure; pups exposed only through breast milk had little mortality. Lung tumor
multiplicity at 10 months of age was also significantly higher in offspring only exposed in
utero. We speculated that the difference may be that DBC, like other PAHs, had a relatively
short half-life in the dam and by parturition, little DBC remained to partition into breast
milk. It was outside the scope of this study to examine the residual DBC at the onset of
lactational exposure or to measure partitioning of DBC into breast milk. When cross-
fostered litters were matched according to exposed dam, we were unable to detect any
significant difference in the concentration of [14C]-DBC equivalents in offspring exposed
only in utero versus through continuous lactational exposure at the end of 3 weeks (Figure
4). This demonstrates that DBC reaches the previously characterized target organs (thymus,
lung, and liver) following exposure to a single dose of DBC (15 mg/kg on GD 17) both
transplacentally and translactationally. However, our results represent total [14C] with no
further identification of the chemical identity. Thus, a more thorough study of the
pharmacokinetics of DBC in this transplacental model requires that we characterize DBC
metabolites and DBC-covalent adducts in the various maternal and fetal tissues throughout
gestation and lactation, and is now ongoing as described above.

DBC-DNA adducts in fetal lung, reported in one of our previous studies [35], was similar to
maternal lung. The major DNA adducts of DBC are derived from Cyp1-dependent
epoxygenation, followed by hydrolysis to the trans-dihydrodiol (DBCD) which is
epoxygenated a second time to 11,12-trans-dihydrodiol-13,14-epoxide (DBCDE, 4 possible
enantiomers). These fjord region PAH diol-epoxides, in most animal models [53–55], are
more carcinogenic than the bay region BPDEs. Cyp1b1 (and human CYP1B1) are very
efficient at carrying out both epoxygenations, followed by Cyp1a1 with a smaller
contribution from Cyp1a2 [28,29].

The absolute requirement for Cyp1b1 expression in fetal thymus [25] for induction of T-cell
lymphoma suggests that one or more of the key steps in the bioactivation of DBC occurs in
the fetal compartment. Given the very high chemical reactivity of the most potent of the
diol-epoxide metabolites, DBCDE, it is unlikely that it crosses the placenta and distributes to
fetal thymus tissues without hydrolysis or reaction with nucleophiles.

In conclusion, we have demonstrated in this manuscript that the target tissue response for
PAH-dependent transplacental carcinogenesis in this mouse model is dependent, to a large
degree, on the stage of development during exposure. The high sensitivity to developing T-
cell lymphoma when the dam is dosed on GD 17 is consistent with the developmental
expression of Cyp1b1 (thymus expresses the highest level of Cyp1b1 mRNA during late
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gestation in both mouse and human) [34,56]. Current studies are underway to determine if
the ontogeny of expression of various members of the Cyp1 family are critical for prediction
of target organs for transplacental carcinogenesis (or other developmental toxicities) and if
these genes could be promising targets for chemoprevention [57,58] of transplacental
cancer. Finally, studies of the potency of actual PAH environmental mixtures as
transplacental carcinogens are underway to better assess potential human health risk.
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Figure 1.
Offspring born to a mother treated with multiple doses of DBC (3.75 mg/kg GDs 5, 9, 13,
17) versus a single dose at 15 mg/kg GD 17 have increased ovarian tumor incidence (left
panel) and decreased lung tumor multiplicity (right panel).
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Figure 2.
(A) Photomicrograph of a granulosa cell tumor in the ovary of a 10-month-old offspring
born to a mother treated with DBC (3.75 mg/kg GDs 5, 9, 13, 17). (B) This unusually small
testis collected at necropsy from a 10-month-old offspring born to a mother treated with
DBC (3.75 mg/kg GDs 5, 9, 13, 17) shows atrophic seminiferous tubules (arrows). Note the
increased number of interstitial (Leydig) cells (asterisks).
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Figure 3.
Pregnant mice received a single oral dose of 15 mg [14C]-DBC/kg body weight on GD 17.
Transplacental transfer to fetus and maternal distribution of [14C]-DBC, or metabolite
equivalents (SUM DBC), was evaluated at 2, 4, 6, and 8 hours post-dose. Bars represent the
mean and standard error, n=4 litters or 4 dams per time-point. Total [14C]-DBC for maternal
and fetal tissues over time is depicted in panels A and C, respectively, whereas the maternal
and fetal plasma levels are shown in panel B. Time-dependent cumulative excretion of
[14C]-DBC equivalents in feces and urine is shown in panel D.
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Figure 4.
Neonatal tissue and plasma concentrations at weaning (PND21) are similar following in
utero or lactational exposure to [14C]-DBC. Three litters were exposed in utero following
oral gavage of the mother with [14C]-DBC and at birth exchanged with a litter from a
vehicle-treated dam (cross-fostered) such that the paired litter received DBC exposure via
lactation. Raw data for three pairs of cross-fostered litters demonstrate variable tissue
profiles according to the cross-fostered group (panel A). The log 2 ratio of SUM DBC (DBC
or metabolite equivalents) from paired lactational/ in utero exposure litters (panel B) is
generally greater than 1 (represented by the dotted horizontal line).
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TABLE 1

Sex, Birth Weights and Litter Size

Group (# litters) Males, Females (M/F) Pups/Litter B.W. (at weaning.)

Controls (5) 17, 16 (1.06) 6.6 ± 1.0 11.8 ± 0.9

DBC (5) 18, 13 (1.38) 6.2 ± 2.1 9.6 ± 1.6*

*
p< 0.0001
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