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Steroids, which have an important role in a wide range of physiological processes, are synthesized primarily in the . f i imuli i
gonads and adrenal gllndsplllmugh a series of enzylﬁe-mepdiiled r‘innirns. The activity of surnid:genic e{lzymes Incubate cells in new medium + stimuli + carrier for 72 hr V., = volume of viable cells
can be altered by various endocrine disruptors (ED), some of which are environmental contaminants. We * Collect samples at 0, 72, 96, 120, 144 hr cell "
developed a dynamic computational model of the metabolic network of adrenal steroidogenesis to predict the © Measure number of viable cells using cell viability analyzer Vineg = VOIUMe _Uf medium o
synthesis and secretion of adrenocortical steroids, and the biochemical responses to ED. The deterministic model P..., = production rate of steroid x in cells
describes the biosynthetic pathways for the conversion of cholesterol to adrenocortical steroids, and the kinetics xeoell

for enzyme inhibition by the ED, metyrapone. Experiments were performed using H295R human U, ., = utilization rate of steroid x in cells
i cells to measure ions of 14 steroids using LC/MS/MS and ELISA methods, and CELL PROLIFERATION MODEL el

model parameters were estimated using an iterative optimization algorithm. Model-predicted steroid
s

concentrations closely correspond to the dynamic dose-response data from the experiments. A sensitivity anal dN Kot it Competitive Enzyme Inhibition Equation
of the model parameters identifled metabolic processes that most influence the concentrations of the primary —= kp N = N=Nge" L K
steroid produced by the adrenal gland: cortisol. Our study demonstrates the feasibility of using the computational dt p _ i
model of adrenal steroi is to predict the in vilro ical steroid ions using H295R cells. . Vi = C
This capability could be useful to help define mechanisms of action for poorly characterized chemicals and N =number of viable cells ¥ 1 ED cell
mixtures in support of the H295R steroidogenesis screening system, and predictive risk assessments. K, = growth rate 1" §> +—"=
€D, H
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v, = overall metabolic reaction rate for reaction i Tt
EFFECTS OF ENDOCRINE DISRUPTORS ON HPA AXIS . ) | kl —fi d boli : f . Comparison of model-predictions with time-course data from baseline and two metyrapone (1, 10 uM). Model-p: of cortisol
Estimated: kp =0.00878 ; = first-order metabolic reaction rate for reaction i and aldosterone in the medium were plotted as a function of time, and compared with concentrations measured at five time points.
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CORT, ALDO, T,E2 Relative sensitivities for model outputs of cortisol in medium are plotted as function of
! R STEROIDOGENESIS MODEL time for 21 parameters for baseline and two metyrapone concentrations (1, 10 pM).
— Negative values indicate an inverse relationship between a parameter change and
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Feedback control system of hypothalamus-pituitary-adrenal (HPA) axis regulates synthesis and * First-order metabolic reaction rates e T .
secretion of adrenocortical steroids (cortisol (CORT), aldosterone (ALDO), testosterone (T), estradiol * Assumed quasi-equilibrium for steroid transport — rrey i
(E2)) by release of corticotropin releasing hormone (CRH) from hypothalamus, and adrenocorticotropic - rapid & reversible steroid transport between medium and cells .
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