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Land mark paper NRC (2007) led to a significant 

paradigm shift in toxicology 
Toxicity testing in 21st Century: A vision and a strategy 

High Throughput 

testing 

Systems biology, computational 

and omics approaches Human relevance 
Significantly 

reduced costs and 

time 

Disruption of key 

pathways 
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Opinion 1: 15 priority ingredients identified 

3 

Opinion 2 Assays for the end point released 

July 2016 (SCHEER): 

 CMR properties for both neat additives 

and additive when pyrolysed, to a 

significant and measurable degree 

 Focus on in silico, in vitro with in vivo 

under limited circumstances. 

 Applies to FMC and RYO products only 

 Reproductive assays mentioned once 

under oestrogenic activity 

 

 

 

 

CMR – Carcinogenic, Mutagenic and Reproductive 

SCHEER – Scientific Committee Health and Environmental and Emerging Risks 
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Rodents are not a good model for development 

effects 

 Public health bodies (US Surgeon General 2010) and 

EUTPD/2001 have stated the adverse reproductive effects 

of smoking in humans 

 Limited number of in vivo inhalation studies for cigarettes 

 No reproductive effects of reference cigarettes* 

– Sole observation; delayed ossification associated reduced 

body weights observed   

 Current Research is focussed on oxidative stress and 

utilisation of TT21C technologies 

4 *Carmines et al., 2003, 2008;  Gaworski et al., 2004, TT21C – Toxicity Testing in the 21st Century   
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ITL does not test on animals 
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Current in vivo / ex vivo developmental screening assays  
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ECVAM validated assays 

• Mouse Embryonic stem cell test 

mEST 

• Rodent whole embryo culture 

• Micromass culture 

Alternative assay 
(working towards regulatory acceptance) 

• Metabolomics approach using 

human cells 

 

Segment 1:  Fertility and general 

reproductive performance 

Segment 2: Teratogenicity 

Segment 3: Peri and postnatal 

development 

Reproductive Toxicity Study types: 
 

 ECVAM: European Centre for the Validation of Alternative Methods 
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TPM in mouse embryonic stem cell assays (EST) gave a positive 

indication for embryotoxicity 

 Preliminary investigation with TPM in mouse 

embryonic stem cell assays (EST)  

– Axiogenesis (µEST) -> embryotoxic 

– InSphero (EasyEST) -> weak embryotoxicity 

 Results from both assays were comparable 

 Note: this is a mouse stem cell line 

– In keeping with TT21C we also investigated 

a human derived alternative 

 

 

7 
ID50, 50% inhibition of cell differentiation; ESD3 mouse embryonic stem cell line 
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Alternative assay utilising Human induced 

pluripotent stem (iPS) cells 
 Assay can be used to measure metabolic disruption  

– Which may lead to developmental toxicity  

 Specifically it measures the ratio of two amino acids, ornithine and cysteine (o/c) 

– Metabolomics studies have indicated that known developmental toxicants are 

correlated with decreases in these two amino acids* 

– Decreases below 0.85 (fold changes) indicates metabolic imbalance linked to cellular 

stress 

 Application for validation by ICCVAM being submitted. 

– Assay will be considered as part of Horizon 2020 project, which has a focus on 

reproductive end points (EU Toxrisk).  

 

 
8 

*Egnash et al. A biomarker-based developmental toxicity screen using human induced pluripotent stem cells for compound 

prioritization. Poster presented at: Society of Toxicology (SOT) Annual Meeting 2014. 
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High accuracy of iPSC for o/c ratio for known 

human reproductive toxicants 

 Internal evaluation of a diverse 
set of 80 chemicals 
– 45 Developmental Toxicants,  

– 35 Non-Developmental Toxicants 

 Compound set included: 
– Pharmaceuticals, Agrochemicals, 

Cosmetics, Industrial and 
Environmental Chemicals 

 

 

 Assay has been used by the US 
EPA to screen the ToxCast 
chemical library  

 1066 chemicals screened 

9 

Internal Validation Performance Preliminary ToxCast Performance 

EPA  Environmental Protection Agency; ToxCast  EPA screening initiative to prioritise chemicals 
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devTOXqP is highly predictive across birth defect 

lineages: 

10 
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Investigation of TPM +/- additives with  DevToxqp  

assay 

11 

 Does the assay work with TPM? 

 Is it sensitive enough to detect differences between different products 

(+/- additives)? 

 
We analysed TPM from two different commercial cigarettes             

(+/- additives)  
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devTOXqP Results: Full flavour AB 
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devTOXqP Results: AB Additive free  
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Preliminary results indicate that there were no effects of 

additives on developmental toxicity 

14 

Dev tox threshold 

Sample (TPM) Dev Tox quick 

predict (µg/ml) 

AB (Additives) 3.8 

AB (Add Free) 2.0 

p value Hill 

slope 

p value 

IC50 

0.9891 0.9414 
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Comparison of the two TPMs:  

 No significant differences in 

Developmental Toxicity 

potential curves (O/C ratio). 

IC50, calculated 50% reduction in cell viability 
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Summary 
 The use of animals for the R end point is unnecessary as they 

do not  accurately predict findings in humans*  

 The Mouse Embryonic Stem cell test is the only validated in 

vitro  teratogenicity assay that does not utilise ex-vivo tissues 

 The IPSC Stemina assay is preferable to the mouse EST:  

– Due to direct relevance to humans (TT21C) 

– Lack of interspecies differences and therefore easier extrapolation 

– It also has the ability to detect a wide range of developmental endpoints 

– Preliminary work indicates that this method is suitable for work with TPM  

15 
* Bailey et al., (2005) The future of teratology research is in vitro. Biog Amines 19 (2): 97-145 
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16 http://www.imperialtobaccoscience.com/ 
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devTOXqP compared to Other Model Systems 
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