Biologically Based Prediction of Lactational and Early Post-Weaning Dosimetry

ABSTRACT

risk for
chem\cals involve exposures during multiple life stages, but largely
focus on the mother’s exposure dose. Data on early life stage
exposures, particularly for environmental chemicals, tend to be
limited. Poorly characterized dosimetry during the lactational and
early post-weaning periods is a substantial source of uncertainty in
the extrapolation of rodent toxicity findings to humans. In the
present study, a biologically based pharmacokinetic (BBPK)
modeling approach, which is essentially predictive theoretical
compartmental modeling incorporating realistic biological changes,
was used to predict dosimetry in the young for chemicals with a
range of characteristics. The model addressed the varied dosing
methods used in multigenerational toxicological studies, including
gavage, constant diet, and adjusted dietary exposures. Biological
changes during lactation and early post-weaning periods in the
mother and offspring were incorporated in the model including body
weight changes in the mother and the growing offspring, maternal
food consumption increases during lactation, changes in milk intake
as offspring grow, high food consumption rates by the young after
weaning, and changes in elimination capacity in the young. Post-
natal exposure from various classes of chemicals was estimated
and the impact of changing half-life, the milk to maternal plasma
concentration ratio, and volume of distribution was evaluated. The
present modeling showed that various exposure patterns during
early postnatal periods are possible depending on the dosing o
method for the dam and biological and chemical factors that can
affect pharmacokinetics in the dam and pup. The model developed 2
in this study will contribute to better interpretation of reproductive
and developmental studies by providing information to help to -
design pharmacokinetic studies for the early life period.
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Consequently, this study will contribute to reducing current
uncertainties in extrapolation of animal data to humans by providing
a means to make initial estimates of early life stage exposure in
rats. (Supported by EPA-NRC #CR82879001. This abstract may not L
represent official EPA policy.)
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OBJECTIVE

To predict lactational and early post-weaning
dosimetry according to

= Different dosing approaches in toxicity studies
« Gavage: constant mg/kg/day to dam
« Diet or drinking water: Unadjusted constant ppm
Up to 3-fold increased mg/day during lactation
« Diet: Adjusted ppm during lactation
~constant mg/day during lactation to dam
=Different chemical properties
« Half life
« Milk: dam’s blood partition coefficient
* Volume of distribution
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Chemical properties modeled

Volume of distribution the same in the dam and pup
Vd=Vp=0.7 Likg
Half-life (Elimination rate constant)

- the same in the dam and pup (no developmental changes in
elimination capacity, already at adult level at birth )

Kep = Ked = 0.7hr" or 0.03hr "
- postnatal changes in the pup

Ked =0.7hr" or 0.03hr"

Kep = R*Ked, where R=1"PND/(7+PND)

Milk to blood partition coefficient
- constant throughout lactation

PM=0.1,1,0r 10
Lactational transfer of parent chemical only
Absorption same in the dam and pup

Kap = Kad =2 hr!

RESULT Simulated Cmax and AUC with postnatal
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#2,4-dichlorophenoxyacetic acid, Sturtz et al. 2006, Food Chem. Toxicol. 44:8-16 Recirculation between the

Pharmacokinetic parameers for 2,4-D were adapted from Timchack, 2004, Toxicol. 200:1-19

SUMMARY

Predicted lactational exposure of pups

Various patterns were predicted depending on the pharmacokinetic
properties of the dam.

Greater differences between the dam and pups with shorter half life,
lower milk secretion, and larger volume of distribution in the dam
(lower exposure in the pups)

Approaching or exceeding maternal levels for longer half-life
compounds, especially with higher milk:plasma partition coefficient
and smaller volume of distribution.

The gavage and adjusted diet are more similar to each other than the
unadjusted diet, except for peak concentrations for short half life
compounds.

Higher when pup elimination capacity was modeled to increase with
age compared to the value predicted without modeling such age-
dependent change.

Predicted post-weaning exposure of pups

Higher than lactational exposure with pharmacokinetic factors in the
dam such as shorter half life, lower milk secretion, and larger volume
of distribution which also cause greater differences between the dam
and pups during lactation

Same as dam’s exposure for gavage dosing

Higher than dam’s exposure for diet dosing

CONCLUSION

Q Various exposure patterns during early postnatal periods are
possible depending on the mode of exposure to the dam and
biological/chemical factors that can affect pharmacokinetics in the
dam and pup.

Q The current model appears to capable of predicting early postnatal
dosimetry at reasonable levels using limited pharmacokinetic
information about the dam with biological information about the dam
and the pups.

QOBBPK model can be used to design limited pharmacokinetic
studies for the early life period to improve interpretation of
reproductive and developmental studies.

Q This work will contribute to reducing current uncertainties in
extrapolation of animal data to humans by providing a means to
make initial estimates of early life stage exposure in rats.
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