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Background

The US National Research Council blueprint for change, entitled Toxicity Testing in the 

21st Century: A Vision and Strategy called for a transformation of toxicity testing from a 

system based on high-dose studies in laboratory animals to one founded primarily on in 

vitro methods that evaluate changes in normal cellular signalling pathways using human-

relevant cells or tissues (1a). 

To implement this vision (1b) , we have characterised perturbations in p53 DNA 

damage/repair pathway (1c) caused by consumer use of 0.5% quercetin (a flavonoid 

found in tea and berries)  in a hypothetical skin lotion for systemic exposure and 

suggesting how this information could be used in a consumer safety risk assessment
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Pathway Risk Assessment Framework

The risk assessment framework was developed to integrate biokinetic and biodynamic 

data/models.  Briefly 

• We determined the rate of exposure through skin using skin penetration assay and an 

empirical  model and was used as inputs for a PBPK model

• We used reverse dosimerty to determine the external dose (concentration of chemical 

in a product) needed to produce an internal adverse effect

• The Biological Pathway Altering Dose (BPAD) for quercetin was determined using in 

vitro assays (i.e. the dose at which the p53 pathway was perturbed)

• The BPAD was adjusted to account for the free concentration of quercetin in the in 

vitro assay and was used for the in  vitro to in vivo extrapolation (QIVIVE)

2

Biokinetics: Estimation of Exposure in vivo in 

Consumers
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An empirical biokinetic 

skin model (3a) was 

developed from skin 

penetration data (using 

14C-radiolabelled 

quercetin formulated in 

body lotion)  to predict 

the skin concentrations 

(3b) and systemic 

absorption rate at 

steady-state following 

repeated daily 

exposures.

Concentrations in plasma and other tissues were estimated using a 

PBPK model for quercetin developed in GastroPlus™ (3c).. We used 

reverse dosimetry determine  the “surface dose” that produces the 

specified concentration. The relationship between the dose on the 

surface of the skin predicted by the plasma concentration at steady 

state is linear. The BPAD determined from the in vitro assays will be 

used as inputs for the model (3d)

Biodynamics: Determining the Pathway 

Altering Dose (BPAD)

Homeostasis likely requires perfect adaptation of both rapidly acting 

pathways (post-translational modification) and slower acting pathways 

(transcriptional ) 4a. We characterised the formation and resolution of 

repair centres at various time points(4b) to determine the tipping point 

between adaptive and adverse responses. The micronucleus assay 

(4c and 4d)  (MN) was used s the measure of ‘adversity’ i.e. 

permanent irreversible damage using high throughput flow cytometry

and Cellomics™  in HT1080 cells (24 hrs); We determined the BPAD 

(10uM) as the highest dose where MN is not  observed, DNA repair 

centres are resolved and no transcriptional changes are observed

. 
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• The BPAD value, needs to be translated into an equivalent in vivo (steady state) 

plasma concentration. 

• The free chemical concentration at the site of action is the most relevant dose 

metric for QIVIVE and differential binding to matrices (e.g. protein binding, plastic 

binding etc.) in vitro and in vivo have to be taken into account. 

• The time concentration profile of quercetin in EMEM medium containing 5% foetal 

calf serum, no calf serum and in water were determined by LC-MS analysis of 

samples taken throughout a 4 hour incubation period. (5a).

• Area under the curve was calculated and the time weighted average was used to 

adjust the  BPAD for Quercetin

• Finally we estimated the free concentration of quercetin in an  in vitro assay using 

rapid equilibrium dialysis (5b). The final BPAD value was used for the in vitro to in 

vivo extrapolation
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Biokinetics: Free Concentration  of Quercetin in 

in vitro assays

Nominal

quercetin 

conc. in 

assay

[ug/ml]

% 

bound

StDev % free

1 (0.01) 84.0 2.5 16.0

10 (1) 70.9 1.3 29.1

5b

•As the relationship between the dose on the surface of the skin predicted by the plasma 

concentration at steady state is linear (6a), the adjusted BPAD could be used to determine the 

external dose

•Using two exposure scenarios, (6b)the formulation percentage required to cause and ‘adverse 

effect is 20% or 39.6% which is higher than the intended product use (0.5%).

Conclusions and Next Steps

•Our aim is to understand how safety may be assured for complex toxicological endpoints using 

data derived from a toxicity pathways-based approach that is rooted in mechanistic understanding 

of the underlying biology 

•We performed cell based risk assessment for quercetin by defining a BPAD, adjusting the BPAD 

to reflect in vitro biokinetics and finally we performed QIVIVE using reverse dosimetry

• In order to use these approaches for consumer safety assessment, we need to evaluate the 

uncertainties for each step which poses a significant challenge for the toxicology community. 

Pathway Risk Assessment and Next Steps

Scenario
Formulation Percentage 

required to cause ‘an
adverse’ effect

Median product applied
39.6%

Worst case product 
applied 

21.0%
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