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Abstract / Outline

The outer layer of skin, the stratum corneum, provides the water
barrier function that is essential for human health. This skin barrier
function resides primarily in the lamellar lipid domains of ceramides,
free fatty acids, and cholesterol which surround the cells of the
stratum corneum. Over the last 15 years our research has focused on
the biophysical characterization of lipid organization in stratum
corneum using a range of experimental biophysical methods and skin
models ranging from synthetic ceramides to intact ex vivo and in vivo
skin. This presentation will provide an overview of our research
findings on SC lipid organization, including the role of lipid domains in
normal skin. In addition, more recent work on the role of physical and
chemical stresses such as surfactants, temperature and pH, in
compromising healthy skin will be discussed. Hopefully, this
presentation will illustrate that understanding the biophysical changes
that occur in compromised stratum corneum can provide insights for
the development of functional topical technologies and formulations.
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Biological & Biophysical Approaches

Biological studies provide understanding of
the processes resulting in the synthesis and
processing of molecules required for a healthy
stratum corneum

Bi ophysi cal (“mater i &
provide understanding of structure, dynamics

and organization of molecules in healthy

stratum corneum



Skin and Membranes

a) Single Gel-phase Model

One single and coherent
lamellar gel-phase
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Some Stratum Corneum Biology

Covalently Bound Lipids '
| llntracellular Humectants (NMF)
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Biology of SC Hydration: NMF
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Biology of SC Hydration: Lipids
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Figure 18.3 Summary of the proposed pathways leading to synthesis of stratum comeum ceramides. Enzymes are shown in bold italics.
Abbreviations: PC, phosphatidylcholine; DG, diacylglycercl; UDP, uridine diphosphate; SPC, sphingosylphosphorylcholine; SPT, serine
palmitoyl transferase; CER, ceramide.

Table 18.1 Approximate Percentage of Major Free Ceramide
Species to Total Ceramide Pool in the Stratum Corneum

Ceramide nomenclature Percentage of total ceramide

Ceramide (MDS) 6.1
Ceramide (NS) 6.4
Ceramide (NP) 22

Ceramide (NH) 225
Ceramide (ADS) 0.8
Ceramide [AS) 34
Ceramide {AF"} 15.6
Ceramide (AH 154
Ceramide {EDS} 42
Ceramide (EOP) 1

Ceramide (EQOH) 26
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SC Function & Organization

Many “stresses I mp a «
biochemistry of the barrier
— Disease states

— Environmental stresses (chemical, physical)

e Barrier function is ultimately compromised
because of “1 nNcorrec:
and organization within the stratum corneum




The “ Materi al s

Processing -Structure-Properties-Performance
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Approaches to SC Biophysics

Dynamic Vapor Sorption (DVS)
Differential Scanning Calorimetry (DSC)
Fourier Transform Infrared (FTIR) Spectroscopy
FTIR Imaging Microscopy

Raman Confocal Spectroscopy

Skin Impedance (barrier function)
Electron Microscopy (EM)

Quartz Crystal Microbalance (QCM)
Trans Epidermal Water Loss (TEWL)
Fluorescence spectroscopy

Dynamic Mechanical Analysis

Atomic Force Microscopy (AFM)



Barrier Lipid Organization

Covalenily Bound Lipids
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FTIR Spectroscopy of Membranes
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FTIR Studies of SC Lipid Organization

Barrier Lipid Models

* understand the role of ceramide classes in barrier organization
* mimic damaged skin barrier (change lipid composition) - poster
* model anatomical site variations

e “kinetics” of |lipid organization/reorganizati c

* |solated Stratum Corneum
« G1lAYSGAO&ae 2F fALAR 2NBIFIYATIFIGA2YKNB2NHIFYAT I GA:
. UV
° pH
e Surfactants

« Lipids in Full Thickness Skin

* delivery of exogenous molecules
* lipid structural changes with SC depth

» Use above to understand the structural/biophysical changes occurring in the in vivo
skin barrier.



Kinetics in Intact Isolated SC

U Kinetic studies of barrier reformation via measurement of
lipid dynamics
U interest for compromised versus healthy skin
U penetration enhancers for dermal delivery
U actives in topical formulations

U Reformation of appropriate lipid organization to restore
biological function after barrier challenge

. stress
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SC — Lipid Fluidity & Barrier Function

human stratum corneum

Sensitive to lipid chain fluidity
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SC — Lipid Packing & Barrier Function
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Stress Changes in SC Lipid Organization
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Direct Measurement of SC Lipid Chain

Order Recovery
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Direct Measurement of SC Lipid
Packing Recovery
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Measuring Barrier Lipid Organization

* FTIR spectroscopy methods allow for in situ direct monitoring of
the kinetics of SC lipid organization changes

e Intact SC can be stressed and extent of lipid (barrier) damage
monitored
— pH
— Surfactants
— Actives (retinol)
— UV

« Can monitor the I mpact of “1tec
damage (lipid organizational disruption) or enhancing the extent,
and or, kinetics of barrier lipid recovery



pH, Surfactants and Cleansing

pH 5/ 40°C



pH, Surfactants, and Cleansing

pH 10/ 40°C



SC Lipid Organization is Irreversibly
Changed by pH
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Measuring Barrier Function

M easure I m p e d ancCe acCross Wave Generator
skin |

Multimeter

Donor Chamber

. Ag/AgCl Electrode
/

Pig Skin

Phenomenological measure
of the skin barrier function

Variables
. Receptor Chamber
— Time of exposure (PBS Solution)
—_ Wate r te m pe ratu re Water Jacket ‘ /

Stir Bar

U Treatment with surfactant or soap solutions, 5hr

- [S u rfa Cta nt] U Skin impedance before and after surfactant treatment was
measured (4-12 samples for each condition)



Barrier Function Decreases at Basic pH

decreasing
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Surfactant Chemistry & pH
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Measuring SC Lipid Organization

| mpact of “everyday” stress
surfactant exposure on skin barrier lipid organization —and
barrier function - can be correlated and measured

WHY? — Measurements provide a way to evaluate technologies
formulations) to protect and/or repair compromised skin

) ‘ a) Single Gel-phase Model
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Figure 18.3 Summary of the proposed pathways leading to synthesis of stratum comeum ceramides. Enzymes are shown in bold italics.
Abbreviations: PC, phosphatidylcholine; DG, diacylglycercl; UDP, uridine diphosphate; SPC, sphingosylphosphorylcholine; SPT, serine
palmitoyl transferase; CER, ceramide.

Biology of SC —> Biophysics of SC



NMF Levels and Cleansing
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Biophysical Measurement of NMF
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Follow Filaggrin to NMF Process in SC
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Measuring SC NMF Gradients
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Biology of SC —> Biophysics of SC
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NMF Images from Washed Skin Cells

Correlation Image

20 corneocytes from control site

U Correlation images
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The Skin Barrier: Lipids and NMF

* Why develop biophysical / materials science methods
to characterize SC lipid organization and NMF levels?

— understand which physical parameters impact SC function
— assessment of diverse stresses on SC function and
organization

— evaluation of topical technologies (physical and biological)
for their efficacy in protection &/or repair of SC function

nlf you can not measur e I

William Thomson (Lord Kelvin)
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