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Supplemental Information Appendix: Overview of Alternative Methods for Assessment of Developmental Neurotoxicity
	Method (assay)
	Description 
	Validation and 
Regulatory Acceptance
	Source

	OECD Developmental Neurotoxicity (DNT) In-Vitro Testing Battery
· NPC1
· NPC5 
· hNP1 Prolif
· hNP1 Apop
· hN2 initiation 
· UKN2
· NPC2a
· NPC2b
· NPC2c
· NPC3
· NPC4
· UKN4
· UKN5
· Cortical initiation
· Cortical maturation
· Cortical Synapto
· Cortical MEA
	The Developmental Neurotoxicity In Vitro Battery (DNT IVB) was developed within an international, inter‑organization programme coordinated by the OECD, with the aim of predicting DNT outcomes without the use of laboratory animals. The assays included in this battery are based on identifying and assessing the disruption of early key events and cellular pathways associated with DNT using in vitro models. 
Individual assays within the DNT IVB are generally focused on one aspect of neurodevelopment and the strength is in combining multiple assays to evaluate many neurodevelopmental pathways together. The test battery currently includes assays focused on measuring changes in proliferation (NPC1, hNP1 Prolif), apoptosis (hNP1 Apop), migration (UKN2, NPC2a, NPC2b, NPC2c), neuronal differentiation (NPC3), neurite outgrowth (NPC4, UKN4, UKN5, hN2 initiation, cortical initiation), neurite maturation and synaptogenesis (cortical maturation, cortical synapses), glial differentiation (NPC5) and neural network formation (cortical MEA). The predictive power across all assays in the DNT IVB was estimated to be comparable to many other in vitro screening assays, e.g. in vitro assays used for carcinogenicity screening.
It is acknowledged that the DNT IVB does not cover all molecular or cellular components that are involved with adverse neurodevelopmental outcomes and that uncertainties need to be accounted for. Not all critical processes within the developing nervous system are currently included in the test battery (e.g. endocrine and immune system pathways are missing) and most assays included in the DNT IVB are based on downstream effects instead of initiating molecular events. In addition, there is no analysis to date correlating changes in vitro with in vivo neurodevelopmental outcomes. However, with increasing data generation using the DNT IVB and further Adverse Outcome Pathway (AOP) development these uncertainties are expected to be reduced. It is further advised that negative results from the DNT IVB should not be interpreted as a lack of DNT potential. This is due to the above-mentioned lack of coverage as well as uncertainties associated with the in vitro methods themselves.
DNT IVB testing cannot currently replace in vivo testing (e.g. OECD 426 and DNT cohorts 2A and 2B in OECD 443), but it may be used, for example, as a screening assay for large numbers of chemicals for which DNT data are required and as such help in prioritizing follow-up testing. Furthermore, it can be used to aid in weight of evidence (WoE) approaches for DNT hazard assessments on single substances. Further data, and covering a broader range of chemicals, will be required to have a better understanding of the predictive performance of the test battery.
	Validation of the DNT IVB according to the OECD Guidance Document 34 on the ‘Validation and International Acceptance of New or Updated Test Methods for Hazard Assessment’ has not been carried out.
	(OECD, 2023)

	UKN1
	The UKN1 assay uses human embryonic stem cells/induced pluripotent stem cells to assess changes in embryonic brain development (Dreser et al., 2020).  The test method utilises transcriptomics to highlight any changes in gene expression in stem cells differentiating to neuroectoderm pro-genitor cells, following exposure to the test item. This testing approach has been shown to be relevant to the detection of changes in developmental neurotoxicity, yet there are a limited number of substances that have been tested using its approach (Bal-Price et al., 2015, Pal et al., 2011). Greater knowledge is needed from the testing of reference compounds, as well as a standardized guidance on the testing protocol. A significant limitation is the availability of human cell lines needed. While promising, this assay is in its infancy, with development needed before it could be used for direct regulatory or hazard identification applications. 
Of the laboratories surveyed, no commercial availability for this study was provided.
	No information regarding validation activities or regulatory acceptance for this method is readily available in the public literature, at time of publication. 
	(Bal-Price et al., 2018); (Bal-Price et al., 2015); (Dreser et al., 2020); (Blum et al., 2023); (Pal et al., 2011); (Rempel et al., 2015)

	ReproTracker
	ReproTracker is a human induced pluripotent stem cell-based assay which monitors the differentiation of stem cells to germ layers, using biomarkers of normal development. The assay can replicate normal cellular processes involved in early embryonic development and has been tested against known neurotoxicants. 
The assay is currently offered commercially for screening of the teratogenic potential for chemicals and pharmaceuticals but is unable to provide mechanistic information on the mode of action of developmental neurotoxicants.  
This assay is commercially available through its developers.
	Validation using reference compound libraries (ICH and EURL ECVAM recommended) has been performed. The assay is able to identify developmental toxicants with accuracy, sensitivity and specificity of >90%.
The assay is currently not recognised by regulatory frameworks. 
	(Racz et al., 2018); (Jamalpoor et al., 2022)

	ReNcell CX-based proliferation assay
	The use of human neural progenitor cell lines to screen chemicals for developmental neurotoxicity has been considered more advantageous over other mammalian or nonmammalian models (Breier et al., 2008). The ReNCell CX-based proliferation assay can evaluate proliferation in myc-immortalized NPC cells derived from a 14-week gestation human fetal cortex as an in vitro screening approach for DNT assessment (Bal-Price et al., 2018). Proliferation is determined in the ReNCell CX assay through DNA replication using bromodeoxyuridine (BrdU) and high-content screening. A variety of known proliferation inhibitor test substances have been assessed using the ReNCell CX-proliferation assay to support its use as a high throughput screen method (Breier et al., 2008, Zhao et al., 2013). Although the ReNCell CX-cells are commercially available, further testing of reference compounds is needed to determine its use as a high-throughput assay to detect developmental neurotoxicity in regulatory applications.
	Assay recognition within regulatory frameworks is unknown.
	(Bal-Price et al., 2018); (Breier et al., 2008); (Zhao et al., 2013)

	Oligodendrocyte maturation – Thyroid hormone (TH) disruption assay (NPC6)
	The Oligodendrocyte maturation – Thyroid hormone (TH) disruption assay (NPC6) is studied by quantifying myelin basic protein (MBP) mRNA expression by the % 04+ cells assessed within the Oligodendrocyte differentiation (NPC5).  The authors scored an overall B+ in readiness based on the authors phases for test method and practical applications criteria.  It is important to note that this assay can be performed in the mouse and rat Neuronal Precursor Cells (NPC).  However, the mechanism of action of Thyroid hormone (TH) and its disruptors is different in rodents compared to humans.  
	Assay recognition within regulatory frameworks is unknown.
	(Bal-Price et al., 2018)

	Zebrafish embryo assays
	The zebrafish (Danio rerio) embryo provides a whole organism model that possesses 70% concordance with human genes (Howe et al., 2013), and development of their nervous system is also linked to the interactions of the hypothalamus-pituitary-thyroid axis and the hypothalamic-pituitary-inter-renal axis (Porazzi et al., 2009, Eachus et al., 2021). Changes in zebrafish neurobehavior and morphology (such as spontaneous swimming, learning, normal eye development) can be easily observed and paired with the disruption of gene expression, neural morphogenesis and neurobehavior,  which provides opportunity to test the action of potential developmental neurotoxicants (Chen et al., 2024, Fu et al., 2024, Ikeda et al., 2023). 
In order to observe the toxicity to the nervous system in zebrafish, commonly, 96-well plates containing embryos are exposed to a given test chemical, then endpoint data from genome-wide differential sequencing, neuroimaging and behavioural analysis are combined in a systems toxicology approach (Nishimura et al., 2015, Kettleborough et al., 2013, Dasgupta et al., 2022). Zebrafish development is well characterised in literature; therefore, it is possible to identify the cell-types associated with many adverse outcomes observed as changes in the neural and non-neural components on the developing brain (Farrell et al., 2018). 
This assay is commercially available through at least one commercial laboratory.
	Interlaboratory testing is underway to validate the zebrafish embryo DNT assay using light/ dark transition behaviour testing (Massei, 2024, Muriana, 2023) and to standardize the protocol.  
Assay recognition within regulatory frameworks is unknown.
	(Jarema et al., 2022); (Eachus et al., 2021); (Farrell et al., 2018); (Gölz et al., 2024); (Howe et al., 2013); (Kettleborough et al., 2013); (Dasgupta et al., 2022); (Nishimura et al., 2015); (Porazzi et al., 2009); (Weiner et al., 2024)

	Rosette array technology
	The Rosette array platform utilizes human induced pluripotent stem cells (hiPSC) with emerging technology that can potentially be used to screen for DNT using forebrain and spinal cord organoid morphogenesis within a 96-well plate. Neural rosettes consist of polarized neuroepithelial cells that imitate the structure of an embryonic neural tube slide capable of generating a spectrum of regionally specific brain and spinal phenotypes (Knight et al., 2018).  Both immunostaining and artificial intelligence software are used to detect the changes in neurodevelopment (Lundin et al., 2024). Twenty-nine different chemicals (6 negative and 23 positive controls) from pharmaceutical and agrochemical industries were used to evaluate the application of the Rosette array platform as a screening method for DNT (Lundin et al., 2024). Although results are showing promise, this assay requires further testing before it could be considered for regulatory use.
	Validation for a standard screening approach using this assay is still ongoing.
Assay recognition within regulatory frameworks is unknown.
	(Lundin et al., 2024); (Knight et al., 2018)
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