
Integrative Biologically Based Model 
for Thyroid Hormones Disruption in 

Fetal and Neonate Serum and 
Developing Brain

DISCLAIMER - This presentation was reviewed by the Center for Computational Toxicology & 
Exposure, Office of Research and Development, U.S. Environmental Protection Agency, and 
approved for publication. Approval does not signify that the contents reflect the views of the 
Agency, nor does mention of trade names or commercial products constitute endorsement or 
recommendation for use. 



The next generation blueprint of computational toxicology 
at the U.S. Environmental Protection Agency. Thomas et 
al. 2019



In vitro HTS Assay

Human Administered Equivalent Dose (AED) IVIVE
in vitro to in vivo 
extrapolation

Adverse Outcome Pathway Molecular Initiating Event

Exposure ModelsHuman Exposure LevelsM
ar

gi
ns

 o
f E

xp
os

ur
e

Adverse Health Outcome

Reverse Dosimetry

Systems Modeling for Estimations of AOP-Based 
Margin of Exposures. El-Masri et al. 2022



Neurodevelopment and Thyroid Hormone Synthesis 
Inhibition in the Rat: Quantitative Adverse Outcome 
Pathway (qAOP) Hassan et al. 2017



Neurodevelopment and Thyroid Hormone Synthesis 
Inhibition in the Rat: Quantitative Adverse Outcome 
Pathway (qAOP) Hassan et al. 2017



Neurodevelopment and Thyroid Hormone Synthesis 
Inhibition in the Rat: Quantitative Adverse Outcome 
Pathway (qAOP) Hassan et al. 2017



Neurodevelopment and Thyroid Hormone Synthesis 
Inhibition in the Rat: Quantitative Adverse Outcome 
Pathway (qAOP) Hassan et al. 2017



F
e
t
u
s

KE 2fetus
↓ TH 

Serum

KE 1fetus
↓TH 

release

KE 3
↓ TH 
Brain

KE 2dam
↓ TH 

Serum

KE 1dam
↓TH 

release

D
a
m

MIE

KER1

KER5

KER2

KER3 KER4

KER6

MIEdam

MIEfetus

AO
Cortical 

Heterotopia

Chemical Database
In vitro IC50

Chemical Database
In vitro IC50

Application of qAOP to Screen Chemicals

Events are Independent of Chemical 



020406080100
0.0001

0.001

0.01

0.1

1

Mean Dam Serum T4(%control)

M
ea

n 
Vo

lu
m

e 
(m

m
3 )

Application of qAOP to Screen Chemicals

Brain Heterotopia Volume vs. Dam Serum Levels

O'Shaughnessy et al. (2019)



Gilbert et al., 2020, Endocrinology

Sites of Interference for Thyroid Disrupting Chemicals
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hCG (Human Chorionic Gonadotropin)

Physiological Differences Between Humans and Rats



Maternal (left) and fetal (right) plasma TSH concentrations. 
Closed circles represent data from Schlosser et al. 2017 and 
open circles are data digitized from Thorpe-Beeston et al. 1991

Model Simulations – Plasma TSH
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Maternal (top) and fetal (bottom) plasma TH concentrations. T4 
(left) and T3 (right). Closed circles represent data from 
Schlosser et al. 2017 and open circles are data digitized from 
Thorpe-Beeston et al. 1991. 

Model Simulations – Plasma Thyroid Hormones
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