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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 

 

• Biophysical (“materials science”) studies 
provide understanding of structure, dynamics 
and organization of molecules in healthy 
stratum corneum 



Skin and Membranes 



Some Stratum Corneum Biology 

SC Moisturization : SC thickness, corneocyte size, NMF, and lipids 



Biology of SC Hydration: NMF 

Major Chemical Species % of NMF   

Amino Acids & Urocanic Acid ~40 

Pyrrolidone Carboxylic Acid  ~12 

Lactate ~12 

Urea ~7 

Sugars ~9 

Ions (calcium, magnesium, phosphate) ~4 

Others ----- 



Biology of SC Hydration: Lipids 



SC Function & Organization 

• Many “stresses” impact the biology and 
biochemistry of the barrier  

– Disease states 

– Environmental stresses (chemical, physical) 

 

• Barrier function is ultimately compromised 
because of “incorrect” molecular composition 
and organization within the stratum corneum   



The “Materials Science” of SC 

Processing -Structure-Properties-Performance 

 

epidermal 

biology 
macroscopic: 

ñbrick wallò 

 

microscopic: 

• lamellar lipids 

• domains 

• boundaries 
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UV barrier 

microbial 

éé. 

 

 

impact of stress on  

barrier performance: 

• physical 

• chemical 

• biological 



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  

Ceramides 

Fatty acids 

Cholesterol 
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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 
• “kinetics” of lipid organization/reorganization 

 
• Isolated Stratum Corneum 

• άƪƛƴŜǘƛŎǎέ ƻŦ ƭƛǇƛŘ ƻǊƎŀƴƛȊŀǘƛƻƴκǊŜƻǊƎŀƴƛȊŀǘƛƻƴ 
• UV 
• pH 
• 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. 

 
 



ü Kinetic studies of barrier reformation via measurement of 
lipid dynamics 

üinterest for compromised versus healthy skin  
üpenetration enhancers for dermal delivery 
üactives in topical formulations 

 

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

stress 

Kinetics in Intact Isolated SC 



Sensitive to lipid chain fluidity 
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• Lipid chain order/disorder (“fluidity”) 

can be monitored directly in 

isolated SC 

• Generate “phase” diagram of SC 

lipid and determine Tm of bilayers 

 

human stratum corneum  

SC – Lipid Fluidity & Barrier Function  



• Lipid packing (inter-molecular organization) 

can be monitored in isolated SC 

• Orthorhombic to hexagonal packing 

transition is clearly observed in isolated 

stratum corneum 

• Determine “melting temperature” of 

orthorhombic packing 
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SC – Lipid Packing & Barrier Function 



• Heat stress human stratum 
corneum t (~50 ºC) 

 

– above lipid crystalline phases 

– below temperature for protein 
damage 

 

• Use FTIR to monitor SC lipic 
fluidity and packing (domains) as 
skin organization recovers over 
time  
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ñstressò  SC lipid structure 

Experiment can be done with any stress, not just thermal. 

Stress Changes in SC Lipid Organization 
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ü Reduction in lipid fluidity  and reformation of  
ordered bilayers. 

 

 

 

Direct Measurement of SC Lipid Chain 
Order Recovery 



Direct Measurement of SC Lipid 
Packing Recovery 
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ü Recovery of orthorhombic packing. 

 

 

 

• T1/2 at 30º C = 13.8 hours 

• T1/2 at 25º C = 52.4 hours 

 



Measuring Barrier Lipid Organization 

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

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

 

• Can monitor the impact of “technologies” in preventing barrier 
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 

• Measure impedance across 
skin 

 

• Phenomenological measure 
of the skin barrier function 

 

• Variables 
– Time of exposure 

– Water temperature 

– pH 

– [Surfactant]  

 

üTreatment with surfactant or soap solutions, 5hr 

üSkin impedance before and after surfactant treatment was 

measured (4-12 samples for each condition) 



Barrier Function Decreases at Basic pH 
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Surfactant Chemistry & pH 
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FTIR experiments also show changes in lipid organization 



Measuring SC Lipid Organization  

• Impact of “everyday” stresses such as temperature, pH, and 
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  

Biology of SC   Biophysics of SC 



NMF Levels and Cleansing 

SC Moisturization : SC thickness, corneocyte size, NMF, and lipids 



Biophysical Measurement of NMF 

Isolate cells 

 from  

tape strip 

Isolated 

corneocytes 

collect IR images  

sequential 

tape strips 

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

Can quantitatively measure NMF levels in SC cells from tape strips 



Follow Filaggrin to NMF Process in SC 

wavenumber [cm-1] 
1500 1550 1600 1650 1700 

A
b

s
o

rb
a
n

c
e

 

11th 

3rd 

1200 1250 1300 1350 1400 

11th 

3rd 

A
b

s
o

rb
a
n

c
e

 

wavenumber [cm-1] 

NMF 

Amide I 

corneocytes from layer 11 

corneocytes from layer 3 
Collected cells 

from different 

depths in skin to 

monitor NMF 

levels 

Less NMF 

More NMF 

keratin NMF 



Measuring SC NMF Gradients 

Biology of SC   Biophysics of SC 



NMF Levels in “Damaged” (cleansed) Skin  

Isolate cells 

 from  

tape strip 

Isolated 

corneocytes 

collect IR images  

tape strips 

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

wavenumber [cm
-1

]

1200 1600 2800 3200

ab
so

rb
an

ce

w 

washed 

control 



NMF Images from Washed Skin Cells 

üCorrelation images 
ü20 control cells 

ü20 washed cells 

ü16 spectra from cell 
ü640 spectra 

üCorrelation against the 
mean control spectrum 

ü20x16 = 320 spectra 

üQuantitative image of 
reduced NMF levels 

 

Quantitative NMF Image 

Correlation Image 



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 

 
 

ñIf you can not measure it, you can not improve itò 
 

William Thomson (Lord Kelvin) 

 



Thank You 
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