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Several environmental chemicals are suspected to exert deleterious effects on development of the brain, which may
result in an increased risk of neurodevelopmental disorders. Arsenic is one of the environmental toxicants that disrupt
brain development. According to a long-term prospective study of survivors of arsenic poisoning from the Morinaga
milk incident in Japan, arsenic poisoning during infancy leads to a risk of mortality from neurological diseases in
adulthood. However, the mechanisms of developmental neurotoxicity of arsenic are not completely understood. Tris-
(2,6-Dimethylphenyl) phosphate (TxP), a flame retardant, is recently recognized as a pollutant in house dust in United
States and Japan. It is suspected that TxP has an adverse effect on sex steroid-dependent sexual differentiation of
the brain because of the endocrine-disrupting actions of TxP. The present study aimed to determine the mechanisms
responsible for the developmental neurotoxicity of arsenic and examine whether developmental exposure to TxP affects
the sexual differentiation of the brain.

It has been demonstrated that arsenic induces apoptotic cell death in neurons and disrupts neuritogenesis. Astrocytes
are other target cells of arsenic in the developing brain. In primary cultured astrocytes, sodium arsenite (NaAsO,)
exposure alters the cell cycle by inducing unscheduled S phase entry. In the present study, the fate of astrocytes exposed
to NaAsO, was examined. Astrocytes exposed to NaAsO, died after unscheduled S phase entry. However, NaAsO,
did not increase the amount of nucleosomes generated from DNA fragmentation and failed to alter the expression of
molecules relevant to unscheduled S phase entry coupled apoptosis. These findings suggest that NaAsO, affects the cell
cycle and viability of astrocytes by inducing unscheduled S phase entry coupled with cell death that may be caused by
mechanisms other than apoptosis.

There is a sex difference in the prevalence of neurodevelopmental disorders, indicating that sex is a biasing factor
for pathogenesis of neurodevelopmental disorders. The developmental neurotoxicity of environmental chemicals
may be different between sexes. To assess the sex-bias in NaAsO, toxicity to astrocytes, the effects of NaAsO, on
the proliferation and cytoskeletal gene expression of primary cultured astrocytes in both sexes were examined. The

proliferation and cytoskeletal gene expression of astrocytes were decreased by NaAsO,, but the NaAsO, effects did not



differ between sexes. However, astrocytes exhibit sex differences in the proliferation and cytoskeletal gene expression
independently of NaAsO, exposure.

To determine the effects of TxP on the sexual differentiation of the brain, the morphology of the sexually dimorphic
nuclei was examined in mice exposed to TxP during the developing period. The effects of TxP exposure on the
morphology of the sexually dimorphic nuclei differed between sexes. TxP more effectively affected the sexually
dimorphic nuclei of female mice. The sexually dimorphic nuclei of female mice were masculinized by developmental
exposure to TxP.

In conclusion, the present study showed that NaAsO, exposure induces unscheduled S phase entry coupled with cell
death in astrocytes. The toxic effects of NaAsO, on astrocytes may have no sex-bias, although astrocytes have a sex
difference in cellular property. The present study also showed that developmental exposure to TxP affects the sexual
differentiation of the brain by altering the morphology of the sexually dimorphic nuclei in sex-specific manner. Sex is a

biasing factor to alter the effects of TxP exposure on brain development.
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