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PHYSIOLOGICALLY-BASED MODELING OF OVARIAN STEROID HORMONES SYNTHESIS FOR ENDO-

CRINE ACTIVE SUBSTANCES' HEALTH RISK ASSESSMENT 

Frédéric Y. Bois and Nadia Quignot 

 

A finely tuned balance between estrogens and androgens controls reproductive functions, and the last step of steroidogenesis 

plays a key role in maintaining that balance. Environmental toxicants are a serious health concern, and numerous studies have 

been devoted to studying the effects of endocrine active substances (EASs). The effects of EASs on steroidogenic enzymes may 

influence steroid output and thus lead to reproductive toxicity. We first review the most significant quantitative modeling efforts 

aimed at predicting the EASs effects. Those examples clearly show that a tight coupling of systems toxicology with quantitative 

in vitro to in vivo extrapolation through physiological pharmacokinetic modeling is required for improving predictive capacity. 

Our most recent work is an illustration of that approach: to predict hormonal balance disruption on the basis of data on aroma-

tase activity and mRNA levels modulation obtained in vitro on granulosa cells, we developed a mathematical model for the last 

gonadal steps of the sex steroids synthesis pathway. The model can simulate the ovarian synthesis and secretion of estrone, es-

tradiol, androstenedione, and testosterone, and their response to endocrine disruption. The model is able to predict ovarian sex 

steroid concentrations under normal estrous cycle in female rat, and the ovarian estradiol concentrations in adult female rats 

exposed for 6 hours to the parent compound and the metabolites of atrazine, bisphenol A, methoxychlor, and vinclozolin. Re-

sults are presented and discussed in the framework of the next generation of risk assessment for EASs. 
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EAS’S CONTRA HUMAN & ENVIRONMENTAL HEALTH: RELEVANT OR PLAYGROUND FOR MERCHANTS 

OF DOOM?  
Endocrine Active Substances (EAS) have been made responsible for increased incidences of nearly all human diseases imagin-

able and especially for the demise of populations of certain species. Moreover, unfounded suggestions such as the “low-dose 

hypothesis” or “no-threshold hypothesis” for adverse effects have provided for a media and research hype that created an atmos-

phere of biased and emotional science that has all the ingredients that current “merchants of doom” in science need to thrive  

without having to prove any of the hypotheses or suggestions put forth. The latter is exactly contrary to what is needed, namely 

a through assessment of facts in a bigger context, a factual and critical assessment of what mechanistic toxicology, hazard char-

acterization and risk assessment can achieve to properly estimate the dangers of EAS. Moreover, this assessment needs to be 

compared to available epidemiological data for each of the diseases within the context of verified EAS exposure to ensure that 

predictions from in vitro and in vivo mechanistic assessments are realistic and target the population(s) at highest risk. While the 

environmental impact of EAS appears to restricted to locations of highest contamination, e.g. sewage treatment plant effluents 

and thus can be remediated by technical improvement of sewage treatment, more generalized adverse effects of EAS in wildlife 

has not been convincingly documented to allow causal relationships between presumed exposure and population effects. Simi-

larly, although in vitro assays would predict a potential for EAS to interact with human endocrine receptors and associated sig-

nal transduction pathways and some in vivo experiments purport the existence of transgenerational effects at low doses of EAS, 

or effects on development of endocrine organs, fertility or fecundity at high doses of EAS in surrogate animals, so far very little 

of the latter evidence has been found to withstand scrutiny with regard to scientific quality.  On the contrary, real-life exposures 

with EAS, e.g. BPA in humans specifically dosed demonstrate that absence of biologically available and thus active form of 

BPA and therefore the absence of potential endocrine activity. Corroborating the latter findings, an extremely thorough epidemi-

ological study from Denmark annihilated the association of inhibited sperm counts in Danish men with exposure to EAS; de-

spite that the latter was purported to be the case even in top journals for nearly two decades. These examples demonstrate 2 main 

issues: 1.) only a rigorous scientific approach will provide analytical results that allow any predictions of risk in humans; 2.) 

most epidemiological studies provide for wrong associations of exposure to EAS and adverse effects primarily due to faulty 

design, too small cohorts and especially due to biased, politically motivated or financially driven approaches at the outset. 
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