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. Skin Models*

Monolayer cultures (2D)
keratinocytes

fibroblasts (phototoxicity)
Immune cells (sensitization)

Organotypic constructs (3D)

reconstructed normal
human epidermis (RHE)
full-thickness skin (RHS)
disease models

Human skin ex vivo
Pig skin

(Per-)cutaneous absorption rat skin

Hydro- Testo-
cortisone sterone
log P 1.61 3.3

%90 Permeation, hairless rat skin,
ex VvIivo

normal 4.8 39.0

scarred 0.8 2.8

%0 Penetration hairless rat skin,
ex Vvivo

normal 3.3 12.0

scarred 2.0 5.1



Reconstruction (RHS, RHE)
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Disease models:

Physical/chemical damage
Co-culture
Transfection
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Skin Penetration (OECD 428)

Applicability to RHE

Compound Mol. log D
Mass
Mannitol 182.2 -4.67
Benzoic acid 122.1 -1.25
Caffeine 194.2 -0.08
Nicotine 162.2 0.02
Digoxine 780.9 1.14
Flufenaminic acid 281.2 2.03
Testosterone 288.4 3.47
Clotrimazole 344.8 5.74
Ivermectin 875.1 6.82
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BMBF funded study
Schéfer-Korting et al, ATLA 20048



Results Infinite-Dose-Study:

P vValues
Pearson Correlation ©
Pig skin EPISKIN® 0.920
Pig skin SkinEthic® 0.918
Pig skin EpiDerm™ 0.842
Pig skin HES 0.861
HES EPISKIN 0.707
HES SkinEthic 0.803
HES EpiDerm 0.932
EpiDerm EPISKIN 0.637
EpiDerm SkinEthic 0.853
SkinEthic EPISKIN 0.906
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Scatter Plot
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Schafer-Korting et al., ATLA 2008

Antimicrobial peptides + cleavage products penetrate human skin

Do et al, J Exp Dermatol 2014
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Predictability for Human

Flufenaminic acid penetration of deeper
abdominal skin layers; pre- and post surgery

Human skin ex vivo is predictable: —~ 10000
Bronaugh et al, J Pharm Sci 1986 £ 5000 | ® . SB-Model
Hotchkiss et al, Food Chem Toxicol 1992 2 exc "
Van de Sandt et al, Toxicol Sci 2002 o 400 x Franz Cell
Wagner et al, JID 2002 S J

< 0 _

Herkenne et al, JID 2007

0 500 1000 1560 ZD:DEI 2500
In-vivo (ng/cm?)

Wagner et al, JID 2004

In vivo/in vitro ibuprofen permeability coefft.
(4 formulations)

Rat skin ex vivo is not: 55 @
Human skin is less permeable, S 3 |
differences not determined by % = N
mol. mass, logP, aqg. solubility E | # |

Van Ravenzwaay & Leibold, TiV 2004 Pigl ear *10° (ém/h)

Herkenne et al, JID 2007
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Skin Targeting

6 h / Clinical Studies: \

w
]

Clobetasol propionate

*
Kalariya et al., 2005
N L o TCA Liposomes

Fesqg et al, 2003
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B
Biotransformation capacity
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Testing in the Franz cell is inadequate —
mechanical stress induced results in major decline of enzyme activity

human keratinocytes, RHE, RHS and human skin ex vivo:
Benzo{a}pyren biotransformation results in DNA-adducts and

genotoxicity (Micronucleus Test)
Henkler et al, 2012; Brinkmann et al (2013)

BMBF funded study on agrochemicals, drugs, consumer products


Vorführender
Präsentationsnotizen
several RHS and RHE were investigated till today, but focus was on gene expression rather than on protein level
 less is known about their metabolic capacity, but this plays an important role regarding the assessment of toxic potential of topically applied substances

- morphologic comparism was performed before and showed that RHS and NHS have the same morphology (different epidermal layers, stratum corneum for barrier function) 


A Berlin

Prednicarbate Biotransformation freeuiestales
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Gysler et al, Pharm Res (1999); Batz et al EJPB (2013)

9



Influences On Dermal Absorptlon FreieUniversit‘ait
Formulation & Prednicarbate Biotransformation

¥ Berlin
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p-Phenylendiamine
RHE penetration and acetylation

EpiDerm (in vitro)

Freie Universitat (. Sw |

PPD penetration is 10-20% after 0.5 h topical application of the hair

dye ingredient

PPD and its acetylated metabolites in media and tissue following 24 h exposure via cell

culture media

20
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PPD, MAPPD and DAPPD
recovery in media (%)
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B Monoacetyl-PPD
1 () Diacetyl-PPD
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Penetration of human skin in vivo after 0.5 h: < 0.25 %

T. Hu et al, Toxicol Lett 2009
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Diversity: Skin Disease

Epidermial Differentiation and Apoptosis

Cornified

Upper granular

Granular

Spinous

Basal

Basal lamina

Atopic Dermatitis

Thyssen & Kezic,
J Allergy Clin Immunol 2014

“~_ Loricrin, profilaggrin, trichohyalin,
*involucrin, SPRs, S100A proteins

TG3, keratin-1, -2e, -9, -10,
desmoglein-1, desmocollin-1

TG1, TGS,
desmoglein-2, -3, -4 -,

Keratin-5, -14, TG2, BPAG1  *._

BPAGZ/collagen-17
ogP4 integrin, laminin-5

Filaggrin Gene

Skin lipids
Cytokines

Environmental

factors

Involucrin Lipids

Candi et al,
- rd Nat Rev Mol Cell Biol
laggrin - Keratin 2005

Non-functional

Less ordered
IL-4, IL-13, IL-25, IL-31, TNF

Dry air
Irritants (water; tape stripping)
stress, age, bacteria, fungi
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RHS: Barrier deficient Model

FLG kd (Atopic dermatitis “like”)

Stratum corneum:
free fatty acids enhanced
lipids less ordered

Skin surface pH 5.5

rel. mRNA expression
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Appl: PBS PBS SDS  SDS

Klchler et al., ATLA (2011)
Vavrova et al, JID (2014)
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Congenital Ichthyosis Model

Cream CMS NT

Patient B
severe
Patient A
Stratum corneum
Epidermis
ermis
moderate
Normal
skin

Do et al, Exp Dermatol 2014
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(Per-)cutaneous absorption

* Invitro studies on human skin ex vivo, RHE, RHS and pig (ear) skin predict human in vivo
e Skin integrity is essential, no surface contamination

* Viability is not essential, if dermal biotransformation is of no relevance

* Nanoparticles can enhance skin penetration and induce targeting

Biotransformation capacity of human skin

* Lower than the liver, yet relevant and often still neglected
can detoxify and toxify xenobiotics and activate prodrugs

 Enzymes deteriorate under prolonged storage and stressful test conditions (no Franz Cell,
acceptor: culture media)

» Predictable by RHS, product specific differences may exist

Neglected topic is diversity

Sex, age, disease ...
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The German Study Groups S. Hedtrich, G. Weind

K. Vavrova (CUP, Praha) | |

D. Hoeller Obrigkeit, H. Merk S. Schreiber, A. Vuia
(RWTH, Aachen) _

H.-C. Hennies (IMU, Innsbruck) C. Santos Maia, A. Gysler,

E.L. Romero, P. Schilrreff S. Lombardi Borgia,
(NUQ, Buenos Aires) L. Wallmeyer

F. Batz, S. Klipper

Freie Universitat Berlin:

R. Haag, E. Fleige (Chemistry)

U. Alexiev, R. Brodwolf, A. Boreham (Physics)
W. Mehnert (Pharmacy)
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http://www.dfg.de/index.jsp
http://www.bmbf.de/index.php
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