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Introduction

« Chemical lipophilicity contributes to bioconcentration in aquatic species. Lipophilicity
correlates with developmental toxicity in various aguatic models.

« Zebrafish is being used as a model organism to screen thousands of chemicals in the
ToxCast and Tox21 research programs for potential to induce developmental defects or
overt toxicity.

« The partition coefficient (log P) is an indictor of lipophilicity.

« We examined the relationship between log P, estimated body burden, and
developmental toxicity in zebrafish for 309 environmental chemicals from the ToxCast
Phase | library.

* We then used hepatic clearance, protein binding data, and reverse toxicokinetic models to
compare zebrafish toxicity and ToxCast high-throughput screening (HTS) activity to in vivo
rat data.

Experimental Methods Chemical Potency Shifts

Conclusions

Lipophilicity (log P) contributes substantially to bioavailability and bioaccumulation in the developing
zebrafish embryo/larva and influences toxicity accordingly.

Certain classes of chemicals, such as pyrethroids, are predicted to bioconcentrate significantly in zebrafish
based on their log P values.

For most chemicals tested, zebrafish assays provide a conservative estimate of developmental toxicity
lowest effect levels. However, the developmental toxicity of certain chemical classes, such as conazoles,
may be underpredicted by zebrafish studies.

For all chemicals tested, the ToxCast HTS assays were more sensitive than zebrafish or rat prenatal
studies.

ToxCast in vitro assay targets may provide insight into the biological relevance of zebrafish assays for
predicting mammalian developmental toxicity.

Comparison to In Vivo and HTS Data
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between potency in the zebrafish embryo and developmental toxicity prenatal ToxRefDB rat data also had hepatic clearance and protein
LOAEL in the rat.

binding data (Wetmore et al. 2013).

« We computed the rat oral equivalent values from the zebrafish data
and the most sensitive ToxCast HTS assay target. We compared
these values to the LOAELSs from ToxRefDB (Table 3).
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Figure 4. Relationship Between Partition Coefficient
(Log P) and Bioconcentration in the Fish Embryo

100000

10000
1000 zebrafish embryo.
100

10

as % of Nominal

1

0.1

Embryo/Larva Concentration

Literature values for embryo/larval chemical concentrations were plotted against log P to
define the relationship between log P and bioconcentration. Values represented by solid
squares are from Berghmans et al. (2008), open triangles from Gustafson et al. (2012), and
gray circle from Thomas et al. (2009). The solid line represents the relationship between

log P of the chemical and concentration in the embryo.

Abbreviations: AC., = nominal half-maximal activity concentration; EC., = estimated
internal half-maximal activity concentration; LOAEL = lowest adverse effect level from the
EPA's Toxicological Reference Database; log P = partition coefficient; Null = rat prenatal
studies were performed but no developmental toxicity effects were seen.

2 Chemicals are ranked first by rat prenatal LOAEL, where applicable, then by AC, in the
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half-maximal activity concentration; HTS = high-throughput screen;
LOAEL = lowest adverse effect level from the EPA’s Toxicological Reference Database;
log P = partition coefficient; ZF = zebrafish.

& Chemicals are sorted by rat prenatal LOAEL in ascending order, with chemicals with no rat
prenatal LOAEL in ToxRefDB listed last. Chemicals highlighted in green had rat prenatal
LOAELSs that fell between the oral equivalents estimated from the zebrafish AC., and ECy,
Chemicals highlighted in orange had rat prenatal LOAELSs that were lower than the oral
equivalents estimated from the zebrafish data. Chemicals highlighted in pink were not toxic in
rat prenatal studies.

b Calculated using the method of Wetmore et al. (2013).

¢ Values are from ToxRefDB (http://actor.epa.gov/toxrefdb/).

d Assay target definitions can be found in ToxCastDB

(http://actor.epa.gov/actor/faces/ToxCastDB/GenesAssocAssays.|sp).
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