
Chemicals testing – more evolution than 
revolution



What are chemicals?

• Basic chemicals 
– Commodity chemicals sold in 

large volumes within chemicals 
industry or to other industries

• Petrochemicals
• Basic inorganics
• Polymers

• Consumer chemicals
– Sold to consumers in final form

• Specialty
– Small volumes
– Crop protection 

• Agrochemicals
– Insecticides, fungicides, 

herbicides

http://fr.zone-secure.net/13451/186036/?startPage=3#page=8



Challenges



• Biological activity unintended side effect
– No starting knowledge of activity

• Physical properties can complicate testing
– Lack of water solubility
– Vapor concentrations
– Physical hazards

• Route of exposure
• Non agrochemicals

Many designed for physical 
performance



• Exposures to humans generally occur at 
low levels, animal testing generally occurs 
at high doses
– Possible toxicity testing at kinetically nonlinear 

doses

Margins of Exposure

Saghir, Shakil A., et al. "Assessment of diurnal systemic dose of agrochemicals in regulatory toxicity testing–an 
integrated approach without additional animal use." Regulatory Toxicology and Pharmacology 63.2 (2012): 321-332.

Toxicities 
relevance to 
humans?



• Unknown or Variable composition, 
Complex reaction products or Biological 
material (UVCB)

• Proving substance 
sameness

• Providing read 
across justification

• Naming conventions

Structure complexity



Hypothesis-based 
approaches to 
toxicity testing



• No prior data on material class identified
– No alerts from in silico screens, metabolism likely

• Structure-based nomenclature search in Toxnet identified rodent teratogen 
analog for a hypothesized metabolite

– In vitro metabolism study suggested no generation of metabolite
– In vitro toxicology study confirmed MOA active for metabolite with potency similar to 

known rat teratogen, but actual product inactive
– Questioned reliability of in vitro metabolism data due to extremely low water solubility 

of product and prior knowledge of type of metabolism

• Acute in vivo metabolism study 
– rapid (<1 h) conversion to hypothesized metabolite, 
– >80% internal exposure to metabolite (blood AUC-basis), and non-linear kinetics at 

oral dose of 1000 mg/kg

• Range-finding developmental toxicity study 
– predicted teratogenic effect in a dose-related pattern

Case Study – Tiered testing in 
new product development



• Incorporating 
toxicokinetic into 
testing strategies 
to move away 
from limit dose

Hypothesis based dose setting

Saghir, Shakil A., et al. "Assessment of diurnal systemic dose of agrochemicals in regulatory toxicity testing–an 
integrated approach without additional animal use." Regulatory Toxicology and Pharmacology 63.2 (2012): 321-332.



• Known toxicological 
data could be used to 
develop model to 
predict outcome based 
on chemical 
composition

• Predictions indicate 
reasonable worst cases 
tested

Grouping and characterization of 
complex substances – crude oil example



• Results from repeat dose studies showing a consistent lack of effects on reproductive 
organs (fertility) for both mono-constituent and UVCB category components

• Reproductive/developmental toxicity data available on low molecular weight mono-
constituent and UVCB category components

– No effects on fertility and no selective developmental toxicity in any study

• Data available on higher molecular weight category components from studies of UVCB 
and analogue substances

– Most of the higher molecular weight category components have variable 
compositions

• Concept is to complete data set with tests on 
– One or more examples of high molecular weight mono-constituent substances, 

representing the upper limits of the range of individual constituents, and 
– One or more examples of complex aliphatic/aromatic category components as 

representative of category and to assess the potential for interactive effects

• Selection of test samples to be made based on compositional information

Compositionally-Based Reproductive 
Toxicity Testing Strategy



• Testing on subset of structurally 
related substances allows 
interpolation to other substances 
within defined boundaries

Compositionally-Based Reproductive 
Toxicity Testing Strategy



Incorporating 21st

century toxicology



• Improve read across justifications 

• Prioritize substances for further testing

• Alternative models for hazard prediction

Applications of high throughput 
test assays



Thank you!


