
B13:  Development of a mechanistic in silico multi-scale 
framework to assess dermal absorption of chemicals 

Aims and Objectives 
The B13 research project seeks to advance the state of art in dermal absorption modelling by:  

a)   providing a set of virtual probes to build a hypothesis regarding the mechanism of penetration of the chemical of interest 
and its ability to change stratum corneum (SC) structure; 

b)  developing a hierarchical approach for calculation of transport via different pathways to expand the chemical domain in 
which reliable quantitative predictions can be obtained; 

c)   addressing formulation effects on skin permeability based on solution thermodynamics and chemical interactions between 
the SC and the formulation; 

d) characterizing the uncertainty of these predictions. 
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Results 
B13 launched in August 2012. Significant developments are described below. 

Simulation of multicomponent vehicles 

Figure 3.  (a) Single component skin 
transport model from from Dancik et al. 
(2013) has been generallized to an N-
component system (Kasting et al., 2014).  
(b) Thermodynamic options for vehicle 
components include ideal solutions and 
UNIFAC/UNIQUAC.  Experimental solubil-
ity data may be entered.  (c) Human skin 
permeation data from a binary vehicle 
comprised of VN and PG are better 
explained by the MCV model vs. the 
options in Dancik et al. (2013).  

Quantitative predictions for hydrophilic and ionized 
solutes 

Figure 1. (a) Atomistic models of 
the SC lipid layers with  different 
conditions of hydration have been 
developed and characterised. (b) 
For low hydration, water pools on 
the surface of the membrane; 
there is no continuous hydrophilic 
pathway. (c) Lipids separate into 
cholesterol-rich and fatty acid-
rich domains. (d) Free energy 
calculations show that water  
permeation is more favourable 
through cholesterol-rich domains 
(Del Regno and Notman, 2014). 

Atomistic models of SC permeation pathways and 
mechanisms of penetration 

(a) (c) 

CHOL-Rich 

ΔG (z) 

(d) 

(b) 

Intercellular lipid defects; 
possibly desmosomal 

Epithelial cell membrane 
defects 

Skin appendage (hair follicle or sweat gland) 
Component 2: 
 transappendageal 
(fast) 

Component 1: 
 transcellular 
(slow) 

Both routes deposit permeants 
in viable skin tissues, bypassing 
the intercellular SC lipids. 

Figure 2.  (a) Postulated transport pathways for highly polar solutes in SC 
according to developed model (LaCount, 2014). (b) Simplified 
representation showing parallel pathways for polar solutes.  Component 
1 is transcellular; Component 2 is transappeandageal.   

Aim 1:  Characterization of SC transport pathways Aim 2:  Improved treatment of complex formulations 
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