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When I think of Jean-Paul I 
see his ever smiling face and 
remember his love of life

The complete skin scientist
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Composition & structure of intercellular 
h lchannels
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Pathlength: tortuosity ~ 12

Talreja et al AAPS Pharm Sci. 2001 3 (2)



Tortuosity

3 layers above, in reality at least 
10, therefore larger effect10, therefore larger effect 

observed Pathlength =(n+√A (n-1)/2)



Tortuosity & permeability
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Tortuosity & permeability

Pathlength =(n + √A (n-1)/2)

TEWL α K * Dwater /pathlength

y = 0.9602x
R² = 0.7182
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Tortuosity & permeability: recent data

Forehead
Mean: 822Mean: 822
TEWL: 24.53

Forearm 1
Mean: 1268
TEWL: 9.05

Machado, Lane, Hadgraft



Protease activity

Cheek

F

Mohammed, Hirata, Lane, Hadgraft, Matts, , , g ,



Poor bioavailability

 0 25% h d i  l h l li d  • e.g. 0.25% hydrocortisone alcohol applied to 

forearm (unoccluded) gives 1.04% excreted forearm (unoccluded) gives 1.04% excreted 

• corresponds to 1.7% absorbed

• equivalent to 0.2 mg/cm2

• Over total body only 4 mg absorbed

Feldmann, R & Maibach, HI., J. Invest Derm. (1967) 48 181-183



Where does it go?
And can we improve it?

R l  f x ipi nts• Role of excipients
• What do they do?

 l   h  h• How long are they there?

D iDuragesic

ethanol



Contact with intercellular channels 



Formulation optimization
M t d t d l l  Must understand molecular processes

transcellular intercellulartranscellular intercellular

follicular eccrine



Molecular interpretation of effects
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Model lipid bilayer DMSO

DPPC bilayers with different concentrations of DMSO. Water molecules are
cyan, DMSO in brown, DPPC headgroup and glycerol backbone segments
in bl e and h drocarbon segments in light grein blue, and hydrocarbon segments in light grey.

Notman, Anwar et al.



Biophysical interrogation of skinBiophysical interrogation of skin

d

ow
av

e

nf
ra

 re
dNMR      ESR IR        neutrons

radiofrequency m
ic

ro

fa
r i

n

uv x rays γ rays

λ

log ν / Hz 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

λ   3km       3m 30cm      3mm   0.03mm  300nm    3nm              3pm



Biophysical techniques: Fourier Transform Infra RedBiophysical techniques: Fourier Transform Infra Red



Skin spectrum: in vitro and in vivo
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Deconvolving data
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Imaging skin and diffusion
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FTIR,TEWL & nicotinate permeation: p
sex, age, ethnicity, temporal

Asymmetric 
• Males mean 2917 81 cm-1  S D 1 67 cm-1Males mean 2917.81 cm , S.D 1.67 cm
• Females mean value 2917.28 cm-1, 1.59 cm-1

• No significant difference  Positively skewed No significant difference, Positively skewed 
normal distributions 

Symmetricymm
• Males mean 2849.85 cm-1 S.D 0.89 cm-1

• Females mean 2849.74 cm-1 , S.D. 0.69 cm-1,
• No significant difference, positively skewed 

normal distributions 

Mohammed, Machado, Matts, Lane, Hadgraft



Nicotinate permeation: site  ethnicity  Nicotinate permeation: site, ethnicity, 
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TEWL  results - genderg
Difference is significant

Mohammed, Machado, Patel et al



Diseased skin

I.T. Degim, J.Hadgraft, E. Houghton, P. Teale
In vitro percutaneous absorption of fusidic acid and betamethasone 17-valerate across canine skin.
J. Small. Anim. Pract. 40 (1999) 515-518



Psoriasis UVA treatmentPsoriasis UVA treatment
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Clinical dosing: 2 mg/cm2Clinical dosing: 2 mg/cm

dynamic

20 μm

Ski li id 20% l li it dSkin lipids 20% volume: limited 
solubility capacity

In vitro experiments difficult to mimic dose



Permeation of propylene glycol and drug:
effect of the amount of gel appliedeffect of the amount of gel applied
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SupersaturationSupersaturation

mixed solvent systemsmixed solvent systems
solvent evaporation
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In vitro penetration human skin 
infinite doseinfinite dose
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Extraction OXY (stratum corneum) as 
f  f D  f  PG function of DS from PG finite dose
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Permeation of OXY and PG through skin 
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Science 322 (2008) 1857 - 1860



Contact with intercellular channels 



Sampling the skin: tape strippingp g p pp g

Determination of drug concentration in the stratum g
corneum (SC) by sequential removal of thin layers of SC 
at the same site with adhesive tape.

I d t i l U i it ll b ti

Guy et al.

Industrial – University collaboration



Distribution profile of active across p
the stratum corneum (SC)

Cx

Evaluation of the rate and extent of active 
penetration into the stratum corneum - the rate-

d i i b i ki idetermining barrier to skin permeation.

AUC
How much?

x/H

AUC

How fast?

How
far?

x/H

Measure drug concentration profile as a function of position in the SC
R i d (i) t h t i (ii) t ti d th i t SCRequired: (i) amount on each strip, (ii) penetration depth into SC

Guy et al.



In vivo concentration profiles of 
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