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INTRODUCTION

J Risk assessment for skin sensitization and
consumer safety

] Reduced reliance on animal testing and
Increased reliance on in vitro and in silico tools

 Building mechanistic understanding into the
risk assessment paradigm
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OECD REPORT:

““THE ADVERSE OUTCOME PATHWAY FOR SKIN SENSITIZATION
INITIATED BY COVALENT BINDING TO PROTEINS™

Key events of the AOP:

* Penetration of the sensitizing ingredient into the viable layers of
the skin

* Modification of skin protein by the sensitizing ingredient (either
directly or via metabolic or abiotic transformation of a precursor)

* Production of danger signals and inflammatory mediators by
keratinocytes, fibroblasts, and skin-resident dendritic cells

« Maturations and migration of dendritic cells to the local lymph
node

* Antigen presentation to specific naive T-cells, and subsequent T-
cell proliferation and differentiation

* The generation of a sufficient population of antigen-specific
memory T-cells required to mediate an elicitation response at the
site of re-exposure
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PENETRATION OF THE SENSITIZING INGREDIENT
INTO THE VIABLE LAYERS OF THE SKIN
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PENETRATION OF THE SENSITIZING INGREDIENT
INTO THE VIABLE LAYERS OF THE SKIN
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A

INTENSIVE VERSUS EXTENSIVE
CHEMICAL PROPERTIES

Intensive

1 Is a physical property of a system that does not
depend on the system size or the amount of
material in the system, it is scale invariant.

] Examples include: Chemical potential,
solubility in water, K, etc.

Extensive

 Quantity of chemical applied to the skin /
system dependent
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INTENSIVE VERSUS EXTENSIVE
System independent

Intensive Basic formulation

/F\/\g\\t}

U Chemical I_—4:> Dose / % inclusion = > // AN
; i oil
ingredient X

n g : Surfactants ‘j[ﬂ> / + /

C y 4

_ Stabilizer |
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- Sub-cooled liquid vapour pressure / Emulsifier /
e - Refractive index sili 4 //
- Hydrogen donor / acceptor licones ’:I,> / +
- Molecular weight / /
r - Molar volume ( Water / Stratum
- Charge surface area \\ // corneum
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t b4
a Diffusion Physiological parameters

- Lipids :
- Water - Variability in volume and

thickness of corneocyte layers Epidermis

Partitioning behaviour - Variability in lipid bilayer
N - - Kow volume and orientation for

- Reversible protein binding chemical diffusion

- Henry’s Law constant

- Availability of enzymes for
metabolic transformation / Dermis
Phase 1 activation

Reactivity
- Abiotic :
- Metabolic transformation = Nature and number of protein

- Non-reversible binding arcations Exte n S ive
System dependent



http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

SKIN DISPOSITION

Despite the competing processes that interact to
Influence C,,.. a metric regarding skin dosimetry for
skin sensitization is required:

“The concentration in skin of the parent
chemical and transformed species that is freely
available to modify protein and induce an
Inflammatory response”

This definition expands on previous suggestions
that focused on a specific skin layer and also
Includes transformation products
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MODELLING CHALLENGE

Skin penetration models thus need to include:
- Multilayer/compartmental

J Formulation effects
] Biotic and abiotic transformation processes

PN
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STATE-OF-THE-ART MULTILAYER MODEL
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Dancik et al. Advanced Drug Delivery Reviews (2013) 221-236.
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STATE-OF-THE-ART MULTILAYER MODEL
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STATE-OF-THE-ART MULTILAYER MODEL

Dsc = (Pscwhsc)/Ksc

Z

Kevan
Yehicle armeant Layer (Case 2)
=0 w-m‘ = B:Z:I 'Y
Stratum B s
corneum \
Epidarmis e
KSC = KIip/W(PIip t KCor/W(PCor
0]g
- 0.81 0.27
KSC - 0-43( ) (Plip b (5-4( ) wpro i V) /
((Wpropwater/ ppro) + V)
Dermis Dav. Koo
Clearance kg

Note: K, is used in both equations and is a
sensitive parameter within the model

Dancik et al. Advanced Drug Delivery Reviews (2013) 221-236.
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A TWO PHASE ANALYSIS OF SOLUTE
PARTITIONING INTO THE STRATUM

CORNEUM (NITSCHE, WANG, AND KASTING (2006))
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A TWO PHASE ANALYSIS OF SOLUTE

PARTITIONING INTO THE STRATUM

CORNEUM (NITSCHE, WANG, AND KASTING (2006))
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LIMITATIONS

The model represents a reasonable fit for
chemicals with log K5

Model is not well characterized for highly
hydrophobic chemicals

Kscw measurements are sensitive to the lipid content and
composition of stratum corneum samples, which vary significantly.

Need for further study!!
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CHEMICAL SPACE DIAGRAM
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NEUTRAL HYDROCARBON MW =100
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NEUTRAL HYDROCARBON MW =200
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NEUTRAL HYDROCARBON MW =200
CHEMICAL SPACE

T 49% SC
49% systemically absorbed
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STRATUM CORNEUM

Stratum corneum consists of:
Lipids

(lipid volume fraction between 3-9%)
protein

(protein volume fraction between 19-55%)
Water

(water volume fraction between 36-78%)

PN
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Behaviour of chemical will largely be defined based on
Interactions with the components of the stratum
corneum, which are biologically intensive properties.

|deally:
e Solubi
e Solub
e Solubi

PN

THREE SOLUBILITIES

Ity In water
Ity in lipids
Ity In protein
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THREE SOLUBILITIES

Assuming a closed system

KIip/pro

Properties for which data are not
readily available, and which are not
easily obtained...
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THREE SOLUBILITIES

Adopting surrogates

Easily obtained
/

Sw
Octanol
Egg lecithin  — K.
1,9-decadiene IIp/W
POPC
DOPC

/ corneocytes
Kp ro/w

SpI’O

Nitsche & Kasting S||p
(2013)

KIip/pro
AN Typically not characterized

Relationships between surrogates, however,
may not be internally consistent
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INTENSIVE VERSUS EXTENSIVE

Intensive

Basic formulation
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- Water - Variability in volume and ; . o
thickness of corneocyte layers Epidermls %.
=
Partitioning behaviou - Variability in lipid bilayer a 20
- Kow volume and orientation for 1@% o8
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Reactivity

- Abiotic

- Metabolic transformation
- Non-reversible binding

Phase 1 activation

- Nature and number of protein
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dependent
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INTENSIVE VERSUS EXTENSIVE

System independent

Intensive

- Dipolarity / polarizability

- Sub-cooled liquid vapour pressure

- Refractive index

- Hydrogen donor / acceptor
- Molecular weight

- Molar volume

- Charge surface area

Diffusion
- Lipids
- Water

Partitioning behaviour

- Kow

- Reversible protein binding
- Henry’s Law constant

Reactivity

- Abiotic

- Metabolic transformation
- Non-reversible binding

)

Basic formulation

Chemical |$ Dose / % inclusion vj'1> y
- ~ Qil
mgrelent Surfactants () //

y

/

I /
Polymers / Stabilizer / .

/ Emulsifier//

Silicones [:{ > y 4
// + //
L Water / Stratum
\\ / corneum
\ y
/
-

Physiological parameters
- Variability in volume and Enidermis
thickness of corneocyte layers P
- Variability in lipid bilayer
volume and orientation for
chemical diffusion
- Availability of enzymes for
metabolic transformation / Dermis
Phase 1 activation

- Nature and number of protein
modifications

Extensive / system
dependent
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ABIOTIC AND METABOLIC CHEMICAL
TRANSFORMATION

Sensitizing chemicals can be divided into three categories
based on their intensive reactivity, and whether they
undergo chemical or enzymatic transformations:

1. Haptens

Low molecular weight chemicals that can react directly with a carrier protein to form
Immunogenic peptide-hapten complexes.

2. Prohaptens

Chemical that itself is non- or low-sensitizing but could be transformed into a hapten
in the skin through bioactivation, usually via enzyme catalysis/Phase | activation.

3. Prehaptens

Chemical that itself is non- or low-sensitizing that is transformed into a hapten
outside the skin by simple chemical transformation (air oxidation, photoactivation)
and without the requirement of specific enzymatic systems.
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BIOAVAILABILITY RESEARCH NEEDS

Fundamental

Estimating the kinetics of skin disposition
Improved understanding of Phase 1 activation mechanisms
Improved understanding of Phase 2 de-activating mechanisms

Assessing the impact of formulation on skin disposition
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BIOAVAILABILITY RESEARCH NEEDS

Fundamental

«  Estimating the kinetics of skin disposition

* Improved understanding of Phase 1 activation mechanisms
* Improved understanding of Phase 2 de-activating mechanisms

*  Assessing the impact of formulation on skin disposition

System independent

Associated with intensive properties

Assessing the impact of non-covalent binding on
the free concentration of a chemical

Assessing the impact of air oxidation prior to
transformation

Assessing the role of photooxidation

System dependent

Associated with extensive properties

Investigate whether 3D skin models and cell
systems contain relevant metabolism

Assessing differences between individuals
with respect to key metabolising enzymes

Investigating the role of microbiological
transformations on the skin surface
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BIOAVAILABILITY RESEARCH NEEDS

Fundamental

«  Estimating the kinetics of skin disposition
* Improved understanding of Phase 1 activation mechanisms
* Improved understanding of Phase 2 de-activating mechanisms

*  Assessing the impact of formulation on skin disposition

Prioritize reducing uncertainty in
key model input parameters

Associated with intensive properties System dependent

*  Assessing the impact of non-covalent binding on

the free concentration of a chemical Associated with extensive properties

* Investigate whether 3D skin models and cell

: : : - : systems contain relevant metabolism
«  Assessing the impact of air oxidation prior to y

transformation
*  Assessing differences between individuals

: . with respect to key metabolising enzymes
* Assessing the role of photooxidation P y g y

* Investigating the role of microbiological
transformations on the skin surface

Perform uncertainty/sensitivity
analysis to identify key system

dependent properties influencing
- model performance
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COMPLEMENTARY APPROACH
THE ROLE OF MODELS IN DIRECTING
EMPIRICAL STUDIES

Where possible priority should be given towards improving
fundamental understanding and towards accurate quantification of
Intensive properties, which are used as model input parameters

Assumption is that model estimates will have an inherently high
degree of uncertainty associated with highly variable
physiological/system dependent properties.

By reducing uncertainty in intensive properties and incorporating
new insight gained from improved fundamental understanding it
should be possible to utilize the model towards directing research at
reducing uncertainty associated with the most sensitive
physiological properties
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PROTEIN BINDING AND PHYSIOLOGICAL

PARAMETERS

Nature and number of protein modifications

Easily obtained

Octanol
1,9-decadiene — :
POPC Kiip/w
DOPC

Egg lecithin

Nitsche & Kasting ||p
(2013)

KIip/pro
AN Typically not characterized

Nature of protein
modifications —
fundamental /

System independent

Problematic to assess
mechanistically, however, due to
significant diversity and
complexity

Number of protein
modifications —
System dependent
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RESEARCH NEEDS — PROTEIN BINDING

Fundamental

« Assessing Immunogenic relevance:

critical sites in skin
critical adduct characteristics
» critical reaction mechanisms

 Measurement of protein adducts in human skin
|dentification of new reaction mechanisms and
specific sites of binding using model peptides
Assessing the utility of 3D modelling tools

>

\4

>

\4
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CONCLUSIONS

 Articulation of our understanding of skin bioavailability
In terms of intensive and extensive properties can be
used to better prioritize research needs aimed at the
development of improved mechanistic models

« Modelling tools should be used to help direct
experimental efforts — emphasis on:

» complementary approach
» reducing model uncertainty
» Improved mechanistic insight
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