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Background

Unilever uses a tiered approach for the risk assessment of personal care and homecare product ingredients that is exposure-led and hypothesis-driven. For systemic toxicity, if

lower tier approaches such as exposure based waiving cannot be applied, toxicity concentration-response data is generated in vitro. To make a decision on the safety of an

ingredient this response data is compared to the systemic concentration consumers will be exposed to under realistic, data-driven and conservative estimates of product use.

Physiologically Based Kinetic (PBK) models are used to predict systemic exposure. These models represent the Absorption, Distribution, Metabolism and Excretion (ADME)

processes of xenobiotic chemicals to predict plasma or tissue concentrations over time.

PBK models have been commonly used for oral and intravenous administration routes through established application in the pharmaceutical industry. We used PBK modelling to

predict plasma concentrations of six topically applied xenobiotics with the dosing scenario matching that of a clinical study taken from the literature. The models were parameterised

using in vitro and in silico data. The plasma concentration time profiles and kinetic parameters (Area Under the Curve (AUC) and maximum concentration (Cmax)) of the measured

and predicted data were compared to assess the potential for PBK modelling to predict systemic concentrations of topically applied xenobiotics for risk assessment purposes.

Objectives

Build PBK models using high 

quality in vitro and in silico 

data for six topically applied 

xenobiotics.  Compare PBK 

predictions of kinetics against 

clinical measurements.   

Model Parameterisation
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Chemicals Clinical reference 

Diclofenac Seth, 1992

Nicotine Senshang and Yie, 1993

N,N-diethyl-m-toluamide (DEET) Ohayon et al., 1997

Salicylic acid Schwarb et al., 1999

Coumarin Ford et al., 2001

Caffeine Otberg et al., 2007

Experimental assays

Where available, literature data was used to parameterise the PBK models 

for each compound. Data gaps were filled through data generation, both in 

house and through external organisations.

PBK software

Gastroplus 9.6 was used to predict plasma concentrations. Default settings 

were used for partitioning with physicochemical information (log P and pKa) 

either taken from the literature or calculated using ADMET predictor 8.0.

Hepatic clearance

For all but one chemical hepatic clearance was calculated from intrinsic 

clearance determined in vitro using hepatocytes in suspension. The exception 

to this was DEET where microsome clearance data was used. This was due 

to a lack of sensitivity in the hepatocyte in suspension assay for DEET 

disappearance.

Fraction unbound plasma (fup)

This was either taken from the literature or generated using rapid equilibrium 

dialysis.

Compound Molecular 

weight g/mol

Permeabilitya

cm/s x10-7

Ionisation ECCS classb Prob.c Hep. 

Uptake

Prob.c

Metabolism

Prob.c Renal PBK renal 

clearance
Nicotine 162 890 Weak base Metabolism 0.00 0.91 0.09 0

Coumarin 146 966 Neutral Metabolism 0.00 0.89 0.11 0

Salicylic acid 138 23 Acid Renal 0.00 0.46 0.54 fup x GFR

DEET 191 1521 Acid Metabolism 0.00 0.74 0.25 0

Diclofenac 296 600 Acid Metabolism 0.01 0.93 0.06 0

Caffeine 194 933 Neutral Metabolism 0.00 0.86 0.14 0

ECCS and Renal clearance

The Extended Clearance Classification System (ECCS, Varma et al., 2015) was used to determine how renal clearance would be 

modelled for each compound. The ECCS classifies chemicals according to a predicted dominant clearance mechanism. The rate 

of renal clearance was set to zero unless the predicted clearance class was renal. Ignoring minor clearance mechanisms is 

conservative for the purposes of risk assessment.

a The predicted MDCK permeability was calculated using ADMET predictor 8.0 using the SMILES code for each structure as input.

b The ECCS class as determined by the criteria in Varma et al. 2015.

c The probability of belonging to a particular class determined by a naïve Bayes classifier trained using the data in Varma et al. 2015. 

Dermal penetration

In vitro penetration through ex vivo human skin data 

was used to parameterise the dermal absorption of 

each chemical. Data was used from the literature 

where available (DEET, diclofenac and nicotine). 

Where the dosing scenario did not match that used in 

the clinical study a simple mathematical model was 

used to extrapolate to the clinical dosing scenario. 

For the other chemicals the dosing scenarios were 

identical between the in vitro and clinical situations 

and the percentage of dose entering the receptor 

fluid was scaled by the clinical dose applied to 

determine the rate chemical entered the systemic 

circulation.

Schematic showing model used to extrapolate 

between different doses. The skin is spilt into layers 

that are assumed to be homogeneous and the 

concentration in these layers (ci) is determined by:  
𝑑𝑐𝑖

𝑑𝑡
=
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𝑐𝑖−1 − 2𝑐𝑖 + 𝑐𝑖+1 , for i = 2,…,n-1,

where D is a coefficient determined by fitting to the 
available data and δ is the height of each layer 

determined by the thickness of the skin h and the 

number of layers n. The rate of change of 

concentration in the boundary layers (i = 1,n) is 

similar but also accounts for partitioning.

Dermal modelling to extrapolate between dosing scenarios

Plots of plasma concentration time profiles Comparison of kinetic parameters

Figure 2. Comparison between predicted and observed (A) maximum concentration Cmax and (B) area under 

the curve AUC for all six chemicals including two formulations of salicylic acid. The red line is the 1:1 line.
*Note that the observed concentration of coumarin was based on measurement of radiolabelled compound so 

includes metabolites as well as parent.

Conclusions
The PBK model predictions of the six chemicals gave good 

agreement with observed measurements from clinical 

studies. The assays used to parameterise the models were 

important. A key factor was that the skin penetration study 

used a dosing design similar to the clinical study. The use 

of primary human hepatocytes to derive a liver clearance 

rate gave accurate estimates of metabolic clearance. 

Although the results are promising and show the potential 

utility of PBK models for risk assessment purposes, the 

number of chemicals evaluated was small and more work 

needs to be done to understand the chemical domains 

where PBK models will give predictions with low error.

Chemical Ratio 

observed to

predicted 

Cmax

Ratio 

observed

to predicted 

AUC∞

DEET 0.43 1.57

Nicotine 1.23 0.85

Diclofenac 0.29 0.66

Salicylic Acid 5% 1.56 1.74

Salicylic Acid 10% 1.62 1.49

Coumarin* 0.26 0.22

Caffeine 0.71 1.54

Summary statistics

The objective of this work was to compare observed clinical measurements 

to predictions from PBK models built using the methodology that would be 

applied to a novel chemical for risk assessment. This included taking 

conservative assumptions such as ignoring renal clearance of parent for all 

but one chemical. However, the models still showed good predictivity. With 

the exception of coumarin, where measured concentration includes 

metabolites, all predicted kinetic parameters are within 4-fold of measured 

values and the majority within 2-fold.
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Figure 1. Plots of predicted and observed plasma concentration time profiles for six chemicals. 

Clinical data are plotted as squares, lines are the predicted concentrations from the 

corresponding PBK model. Two inclusion percentages of salicylic acid were tested in the clinical 

study. The plot shows the results of 5% inclusion. 
*Note that the observed clinical measurements of coumarin are total coumarin in both parent 

and metabolite forms whereas the prediction is for parent alone. 

The predicted and observed kinetics were in reasonable agreement for all compounds. 

Although the Cmax and AUC are well predicted for caffeine the time the peak occurs is not. This 

is due to the in vitro skin penetration study being a poor predictor of the in vivo rate of 

absorption of caffeine and the hepatic metabolism of caffeine being underpredicted by the in 

vitro assay. The vehicle concentration of caffeine used in the clinical and in vitro was close to 

the solubility limit. This may have led to different availability of material in vitro and in vivo due to 

varying levels of precipitation. Predictions for diclofenac were sensitive to the method used to 

extrapolate hepatic clearance due to its high plasma protein binding. Further work needs to be 

done to determine the best method for extrapolating intrinsic clearance for chemical classes.

Observed vs. predicted Cmax Observed vs. predicted AUC∞


