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Structure of the skin

Epidermis – 0.1‐0.2 mm thickp

Keratinocytes migrate upwards 
whilst differentiating (to g
corneocytes) giving rise to keratin 
based stratum corneum providing  a 
protective barrier against microbial 
and chemical assault and a highly 
efficient barrier for water.

Dermis – various thickness (location)

Composed primarily of collagen type 
I.  Dermal inclusions, such has hair 
shafts and sweat glands, are lined 
with epidermal keratinocytes.  Dermis 
i ll l i d d t i
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is well vascularised and contains 
sensory receptors.



Formation of the stratum corneum

Keratin 
& lipids

Cell movement 
& differentiation
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Routes of penetration through the skin

Diffusional routes to penetrate normal
i t t h ki i l d

Transepidermal
intact human skin include:

The transepidermal route

Sweat GlandsHair Follicles

1. Across the intact horny layer
Major route for molecules and drugs
either transcellular or intercellular.

The appendageal route
2. Through the hair follicles2. Through the hair follicles

3. Through the sweat glands

Minor route (minor importance due to
small area (0.1% of the total skin area) –
ff hi h bilit f i d Routes of Penetration through the Skin
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offers high permeability for ions and
large polar molecules.
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Routes of penetration through the skin

• The principal
pathway taken by a
penetrant is
decided mainly by
the partition
coefficient (log K).

• Most molecules
pass the stratum
corneum by both

troutes.

• Intercellular
pathway is theH d hili l l Li hili l l pathway is the
principal route and
major barrier to the
permeation of most

Routes of Penetration through the Skin
http://www skin‐care‐forum basf com

Hydrophilic molecules Lipophilic molecules
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permeation of most
drugs.
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Skin Penetration Enhancement

Reviewed in Thong et al. Percutaneous Penetration Enhancers: An Overview.
Skin Pharmacol Physiol 2007; 20:272‐282
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Skin Permeability Studies – in vitro

Diffusion & Flow Perfusion Cells

F diff i ll
http://www.speciation.net

Franz diffusion cell 

Membrane can be 
substituted for cell cultures 
or ex vivo skin.
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http://www.permegear.com/inline.htm
Bronaugh flow cell 



Skin Permeability Studies – in vivo

Microdialysis & Tape Stripping

Microdialysis http://www.skin‐care‐forum.basf.comMicrodialysis p //
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Skin Permeability Studies – confocal Raman

• Raman spectroscopy relies on Raman scattering of 
monochromatic light.monochromatic light.

• The spectrum of the energy difference between the 
absorbed and emitted photon is termed the Raman p
spectrum providing a chemical fingerprint  for individual 
chemicals.

• Confocal Raman spectroscopy allows spatial Raman 
spectra gathering (z‐stack).

• Non‐invasive, non‐destructive and label free allowing 
timepoint analysis of multiple chemicals (delivery vehicle 
& active) on the same tissue sample.

• Detailed information on chemical ingress, differentiates 
between delivery rates, solvent monitoring in one assay.
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• Can be used in vivo allowing  in vitro/in vivo correlations
to be established. 



Skin Permeability Studies – experimental setup

Pig skin samples were dermatomed at 300 µmPig skin samples were dermatomed at 300 µm 

Chemicals 
applied to the pp

skin and 
penetration 

monitored over 
24 hour period p
using confocal 
Raman spectra 
collected from 
the underside 
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of the sample.



Skin Permeability Studies – confocal Raman

Depth profiling spectra obtained 
for pig skinfor pig skin.

1122nd November 2012 SCI Skin Forum, London, UKTina Patel



Skin Permeability Studies – Methyl Benzoate

Penetration of methyl benzoate is easily noticed through the noise of the 
dermatomed pig skin (300 µm)dermatomed pig skin (300 µm) 
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Skin Permeability Studies – Tween 20

Penetration of Tween 20 is difficult to detect through the noise of the dermatomed 
pig skin (300 µm) 

1322nd November 2012 SCI Skin Forum, London, UKTina Patel



Skin Permeability Studies using Confocal Raman

Bonnist et al.  Measuring the 
Penetration of a Skin Sensitizer and 
Its Delivery Vehicles  Simultaneously 
with Confocal Raman Spectroscopy.  
Skin Pharmacology and Physiology 
2011; 24:274‐283.
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Tissue EngineeringTissue Engineering
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Tissue Engineering Approaches
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Tissue Engineering Strategy
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Tissue Engineering Approaches

TRACHEA Myskin™ 
M di l d ili h t• Medical grade silicone sheet 

• Surface deposition of plasma 
polymerised acrylic acid. 

• Acrylic acid allows the y
growth of a layer of 
proliferative, sub‐confluent, 
autologous keratinocytes 
prior to transplantation onto

http://news.bbc.co.uk/1/hi/7735696.stm BLADDER (TENGION)

SKIN

prior to transplantation onto 
wound bed. 

‘MYSKIN’

SKIN
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Tissue Engineered Skin
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Alternatives to Animal Testing

• EU directives (REACH and European Cosmetic ) to find alternatives to animal testing of 
chemical additives using in human skin products.chemical additives using in human skin products.

• Provide a ‘living’ skin model in contrast to dying excised skin but barrier function and 
cell co‐culture is vital.

• Two reconstructed skin models EpiDermTM and  EpiSkinTM have been successfully 
validated for skin irritancy (and corrosive) testing (ECVAM )

“The EpiSkinTM test method was validated as a potential stand‐alone method, capable of 
reliably distinguishing non‐irritant from irritant chemicals. The EpiSkinTM test method can 
thus replace the Draize skin irritation test, a classic test introduced into safety tests for 
drugs and chemicals 60 years ago.

h TM h d d d l f d l l bThe EpiDermTM test method did not qualify as a stand‐alone replacement but was 
recommended for the identification of irritant chemicals, and thus to be used as a 
constituent of a testing strategy. A modification of the EpidermTM's Standard Operating 
P d (SOP) d/ P di ti M d l d d b ESAC I 2008 th
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Procedure (SOP) and/or Prediction Model was recommended by ESAC. In 2008, the 
modified EpiDermTM test method was validated.”



EpiSkinTM

The EpiSkinTM ‐ adult human keratinocytes cultured 
ll b S b d l f ll don a collagen substrate.  Submerged culture followed 

by culture at the air‐liquid interface  results in the 
reconstruction of an epidermis with a functional horny 
layer
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layer.
EpiSkinTM



Tissue Engineered Skin ‐ future uses

• Co‐culture of keratinocytes 
with fibroblasts shown towith fibroblasts shown to 
be essential for 
keratinocyte expansion and 
toxicity tolerances.

• Inclusion of melanocytes 
for skin pigmentation andfor skin pigmentation and 
the influence of fibroblasts.

Skin pigmentation Skin pigmentation & fibroblasts

• Studies of melanoma 
invasion to tissue 
engineered skin.

• As a model of skin graft 
contraction (keratinocytes 
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gather dermis)Melanoma invasion Skin graft contraction



Tissue Engineered Skin – a synthetic approach

Electrospinning

Schematic taken from Murugan et al 2006
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Tissue Engineered Skin – a synthetic approach

• Electrospun polystyrene scaffold (10 um diameter fibres).

• Keratinocytes, Fibroblasts and Endothelial cells (10 day culture including ALI).

• Expression of keratin representing differentiated keratinocytes (stratum corneum).

2422nd November 2012 SCI Skin Forum, London, UK



Electrospinning patterned scaffolds

Rapid prototyped resin 
formers

Schematic taken from Murugan et al 2006
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Patterning Electrospun Scaffolds

Former
• Patterning technique is versatile and not exclusive to g q

polymer type.

Scaffold plus Formerp

ScaffoldScaffold
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Introducing the macroarchitecture of the 
epidermal basement membraneep de a base e t e b a e

• Patterned scaffolds 
guide cell adhesion.  

• Cells are able to 
proliferate on the 
scaffolds and the 
pattern remains. 

Collaboration with Prof Fiona Watt
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Summary

• Skin is an effective barrier against the penetration of chemicals.

• Numerous methods employed to overcome this barrier for drug and 
chemical delivery.

• A number of different methods used to monitor penetration of 
chemicals through the skin.

• Confocal Raman spectroscopy is a non-invasive, non destructive 
technique for monitoring the passage of chemicals through the skin 
both in vitro and in vivo.

• Tissue engineering strategies have provided skin tissues for in vitro 
assays.

• Important that the tissue mimic truly replicates the in vivo situation 
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including 3D co-culture.
22nd November 2012 SCI Skin Forum, London, UK



Acknowledgements

Tina Patel
C th i RCatherine Rogers
Gavin Morris

Prof Clive Roberts
Amir Ghaemmaghami
Prof Phil Williams

Joel Segal

Jayne Wright
Bob Parr‐Dobranski

Gordon BellGordon Bell

Centre for Innovative Manufacturing
i  R g ti  M di i

2922nd November 2012 SCI Skin Forum, London, UK

in Regenerative Medicine


