
 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 


	Implications of model selection

Independent action – As long as all chemicals in the mixture are below their individual No Observed Adverse Effect Level (NOAEL), the mixture is not expected to have an adverse effect 

Dose addition – Chemicals below their NOAEL can contribute to a total dose that elicits an adverse effect.

Therefore, if chemicals are dose additive, a cumulative risk assessment should be performed to protect human health
	Mixture of concern

Botanical dietary supplement example
	Key issues (continued)

Development and validation of statistical methods

Predictive mixture toxicity models (e.g., component-based and sufficient similarity)

Assessment of multiple chemical associations in epidemiology

Systems-based approaches for studying mixtures

Predict interactions of chemicals that target a common pathway or system without testing all potential chemical combinations 

Development/refinement of both “bottom-up” (component-based) and “top-down” (whole mixtures) approaches for predic
	Uncertainties and limitations

The RPF approach only considers a small subset of PAHs (i.e., unsubstituted PAHs only, no heterocyclic compounds or nitro- or alkyl- substituted PAHs)

There are no human toxicity data for any individual PAH

The assumption of additivity may not be valid, and there may be interactions among PAHs or between PAHs and other components of a mixture (e.g., metals)

PAHs may generally have a common mode of action (i.e., mutagenicity), but multiple modes of action for carcinogenesis 
	In vivo RPF assessment

PAC mixtures will be dose additive and the Relative Potency Factor approach will provide a good approximation of mixture toxicity

Individual PACs will not interact when present in mixtures

Relative potency factors generated from immunotoxicity studies will be similar to those from carcinogenicity studies 

Accounting for the toxicity of a subset of known components will adequately approximate the toxicity of a complex mixture

Other components (i.e., the unidentified fraction) will
	Exploring sufficient similarity

Exposure: Popular botanical dietary supplement with an estimated 1.6 million Americans taking it in 2012*

Toxicity: Major toxicity targets of liver, nose, and thyroid gland generally consistent across sex, species, and exposure period 

Conclusions from 2-year studies: Some evidence of carcinogenicity in male and female rats based on thyroid tumors and clear evidence of carcinogenicity in male and female mice based on liver tumors

Doubt: The test article had high levels of
	Relevance to other complex mixtures

PAC-MAP 

Crumb rubber

Glyphosate formulations

Flame retardant formulations

Metal working fluids

All other botanical dietary supplements

Personal care products

Water disinfection byproducts
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Biological Mechanisms/Pathways of the Combined Effects of Chemical and Non-chemical Stressors Associated with Atherosclerosis
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	Questions for BSC

Please comment on whether NTP is addressing the highest priority questions in mixtures toxicology to inform risk assessment. 

How would you rank the importance and tractability of the three areas discussed? 

What do you anticipate will likely be NTP’s most challenging obstacles in achieving meaningful contributions to understanding mixtures toxicity?

Are there additional areas in mixtures toxicology on which NTP should focus effort?

Please comment on whether the selected test articles



