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We are developing in vivo, in vitro, and in silico models of gonadotropin-dependent ovarian follicle development to
explore toxicant effects on reproduction (Fig. 1). Our long-term goal is to use mechanistic, multiscale computational
models for in vitro to in vivo extrapolation (IVIVE) of toxicant effects.
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We present preliminary in vitro mouse follicle culture data and a spatially resolved model of follicle development
Incorporating cell proliferation, morphogen signaling, and subcellular steroidogenesis, which converts cholesterol to
testosterone and estradiol. We also present preliminary data on the effects of dibutyl phthalate (DBP), a model
toxicant, on follicle growth. Parallel in vitro studies using monkey follicles and in vivo studies in mice and monkeys
are underway.
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Fig. 1: Project workflow and relationships between in vivo, in
vitro and in silico components.
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Tissue mechanics: Cell adhesion, proliferation, and other constraints preserve follicle structure.

| N VitI’O ReS U ltS Antrum formation: Granulosa-secreted proteoglycans drives water influx and antrum expansion.
Steroidogenesis: Cell-specific ODE models simulate cholesterol-to-testosterone conversion in theca
cells and testosterone-to-estradiol conversion in mural granulosa cells.

Transport assumptions: Cholesterol and testosterone transport are treated as rate-limiting
processes with substrate loss to the culture medium.

Simulation: 10-day simulation at 1 pm resolution, 1T-minute time steps, with 50% daily

Cultured ovarian follicles exhibited three distinct growth trajectories: fast-growing, slow-growing, and
non-growing. Analyses were restricted to fast-growing follicles because they exhibit the characteristic
morphological and functional hallmarks of healthy follicular development, including sustained growth,
granulosa cell expansion, antrum formation, and increased steroid hormone production.
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Conclusions

The preliminary computational model captures many essential features of mouse ovarian follicle development, including tissue growth, spatial organization,
morphogen signaling, and steroidogenesis. Agreement with experimental data supports the modeling approach while highlighting areas for refinement, particularly
hormone regulation of antrum formation. The framework provides a foundation for future IVIVE studies and extension to monkey and in vivo models for predicting

reproductive toxicity.
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