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Thyroid (hormone) Disruptor – regulatory background in EU
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◼ Endocrine Disruption Criteria are established since 2017/2018: Pesticides and Biocides: Yes or No

◼ Endocrine Disruption Criteria will be implemented under EU CLP in Q1 2023: ED Cat 1 & ED Cat 2
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Endocrine disruption

criteria

Effects in rats

1. Adverse effect Thyroid weight/histo-

pathological changes

2. Thyroid activity Thyroid hormone

changes (T4, TSH)

3. Plausible link 
between 1. & 2.
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On these grounds EFSA has identified thyroid (hormone) disruptors
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Guiding questions for the ECETOC Thyroxine (T4) Task Force -

formed in 2018

◼ How (qualitatively and quantitatively) correlate thyroid hormone levels with neurodevelopmental
effects (in humans / in rats)?

◼ Which neurodevelopmental effects in rodents should be considered indicative for human 
neurodevelopment?

◼ Is there a threshold for thyroid hormone changes (in mothers / in offspring), below which no
neurodevelopmental change is to be expected?

◼ How should rodent toxicants be investigated to exclude a concern for human neurodevelopment?
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Selection of thyroid-related AOPs with brain-related adverse 

outcomes (from Marty et al., 2021)
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Also: 

AOP 300, 402
http://aopwiki.org



Relevant results from literature evaluations (variety of MIEs 

assessed)
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Offspring serum thyroid
hormone levels are more
decisive compared to
maternal THs

Marty et al., 2022, accepted for publication in CRT
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T4 levels measured in offspring between PND 14 and 21

Case study 1

Associations between T4 decrement in offspring and motor activity / heterotopia

Relevant results from literature evaluations (variety of MIEs 

assessed)

Marty et al., 2022, accepted for publication in CRT

Phenomenological
thresholds for T3 and T4 
decrements have been
derived



Quantitative modelling of T4 concentrations in blood of adults in rats

vs humans
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Main species differences (rat vs humans): nature and binding capacity of TH binding proteins → T4 half life

PB - Phenobarbital
SS – steady state Clewell et al., 2022 

(SOT Poster)



Quantitative modelling of T4 concentrations in blood of adults in rats

vs humans
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Set up of a Thyroid Hormones (TH) QST Platform

◼ Include thyroid-stimulating, T4 and T3 synthesis, distribution, clearance, and regulatory feedback in 
rats and humans

◼ Include mechanisms for dynamic changes and species specificity in thyroid hormone protein binding

◼ Simulate and predict TH concentrations in the fetal (and pup) blood and brain after in utero / 
lactational exposure to the chemical in rats and humans

◼ Take into account realistic physiological compartments for the thyroid hormone network

◼ Be structurally comparable for healthy humans and rat for cross-species evaluations
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Future plan – modelling T3, T4 in offspring blood / offspring brain in 

humans vs rats



Relevant elements of a thyroid-hormone related AOP
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AOPs for rats vs humans
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T4: 50% / 60% decrement associated

with sign. neurodevelopmental findings

(variety of MIEs assessed)

T4: 20 % decrement associated with

heterotopia for PTU (Hassan et al., 2017)

Likely relevant quantitative association

- TH levels

- TR occupancies

- Dio 3 activity

TH – Thyroid hormone
TR – Thyroid hormone receptor
Dio 3 – Deiodinase Type 3



AOPs for rats vs humans
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Consider toxicokinetics of the test substances applied: 

Ideally internal doses are used, based on

- Measure plasma levels

- Apply bioavailability considerations



Application of qAOP for Thyroid assessment / testing
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*1Consider thresholds
*2Consider relevance / sensitivity of 

parameters indicating

neurodevelopmental toxicity

Melching-Kollmuss et al., 2022 

(Poster / Symposium at ICT)
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