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INTRODUCTION 

Substantial periods of early vertebrate development are regulated by thyroid hormones 
(THs) and can therefore easily be disrupted by environmental pollutants, which in teract with 

the TH system (thyroid hormone system-disrupting chemicals, THSDCs). Currently 

established test systems for environmental assessment of chemicals use amphibian 

metamorphosis as a sensitive apical endpoint for the detection of THSDCs, e.g. in OECD test 

guidelines (TG) 231 and 241. For any other endocrine modality, test systems with fish are 
preferably used, which means that in many cases, multiple animal experiments for the 

detection of potential THSDCs must be performed due to this separation. Consequently, the 

lack of thyroid-sensitive endpoints in fish tests has been identified as a serious gap in the 

currently available battery for endocrine disruptor testing with non-target organisms. 

Accordingly, different EU-funded research projects aim to close this gap and are working to 
establish thyroid-sensitive endpoints in fish and implement these into existing fish TGs such 

as TGs 210, 234 and 236. 

 

METHODOLOGY 

Extensive literature research has been performed to evaluate the impact of THSDCs on fish 
and to investigate which of their developmental processes could be disrupted by THSDCs. 

Based on the results, combined with data from amphibian tests, a set of different model 

THSDCs has been selected to perform different exposure experiments on fish. Experiments 

were performed according to the established OECD TGs 210, 229, 234 and 236 or 

combinations thereof. Wild-type zebrafish (Danio rerio) and a thyroid transgenic line were 

used. Swim bladder inflation and eye development were selected as the most promising 
apical endpoints and were combined with analyses of TH levels and thyroid follicle 

morphology. 

 

  



RESULTS 

In our experiments, we observed strong alterations of thyroid follicle morphology, as well as 

eye morphology and cellular structure, combined with changes in photoreceptor patterning. 

Also, swim bladder inflation was severely impaired by different THSDCs. Behavioural 
analyses demonstrate that these changes directly translate into altered swimming behaviour 

and visual function of the larvae. Under field conditions, this would most likely result in 

reduced survival of fish exposed to THSDCs. An AOP network describing the sequence of 

events from molecular impact on the TH system of fish to population-relevant behavioural 

changes is already established for swim bladder inflation and is currently being developed 
for eye development. 

 

DISCUSSION 

THSDCs provide strong evidence that eye development and swim bladder inflation, 

combined with TH level measurements and analyses of thyroid follicle morphology 

(histology or transgenic lines), can and should be implemented as thyroid-specific endpoints 
into existing TGs for endocrine disruptor testing with fish. All investigated apical endpoints 

react sensitively to different modes of action of THSDCs and can be seen as meaningful, 

population-relevant endpoints. Combined with mechanistic endpoints such as TH level 

measurements, thyroid follicle histopathology or the use of transgenic thyroid fish lines, they 

could, in many cases, replace the need to run additional amphibian tests.   
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