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What about skin permeation?

The skin forms a barrier to the external environment. It is useful to be able to predict the rate at which substances
penetrate the skin to improve the way in which they are administered topically and also to assess potential
toxicological hazards.
Skin absorption corresponds only to the transfer of a substance from the outside environment into the leaving tissue,
i.e. its ability to cross the stratum corneum which is the main external skin barrier.
Percutaneous absorption applies to the passage of the substance beyond the epidermis down to the blood flow. This
explains why this parameter is of main interest for the pharmacologists as well as for the toxicologists concerned by
the assessment of topical preparations, the former in order to know the level of penetration and diffusion of active
ingredients, the latter in order to consider the capacity of each component of given formulation to release in the
blood stream and to potentially generate harmful effects in the short or long term.
Such information is also very important from the regulatory side as it allows to assess the practical systemic
exposure level to a given substance and from there to determine its benefit/risk or its margin of safety when used
in specific conditions.
In the past numerous methods in vivo and in vitro were used. Thanks to the
progress made to harmonize the proceedings, the in vitro
methods are designed today among the most relevant
to understand how ingredients (active or not) are
absorbed through the skin, as long as such
studies are conducted following the
specific recognized guidelines and
re c o m m e n d a t i o n s ( O E C D 4 2 8 ,
SCCS 2010, FDA&AAPS, WHO…)
possibly under GLP.
In addition they require very
specific technical skills and
s c i e n t i f i c e x p e rt i s e to
deliver appropriate results.

Which factors may affect the percutaneous absortion?
Percutaneous absorption of a substance depends on various factors linked on the one hand to its structure, its physicochemical
properties, the vehicle in which it is incorporated, application conditions and on the other hand to the skin.
Among the most important roles are:
• Lipophilicity and hydrophilocity,molecular weight of the substance,
• Nature of the vehicle in which the substance is incorporated (solubility, volatility, qualitative and quantitative composition, pH….)
• Concentration of the test substance in the vehicle, area of contact, duration of exposure
• Integrity of the stratum corneum (healthy or damaged skin). The quality of the upper layers of the skin determines the rate
of dermal penetration.
These studies can be conducted on synthetic membrane, actual human skin or ungual membrane.
When conducted on human skin, these studies allow for a thorough understanding of penetration profiles and more specifically how
ingredients reach the different skin layers (stratum corneum, epidermis, dermis) and how quickly they reach main “blood circulation”.
Also, this provides information on potential impact of skin metabolism as biotransformation of the test substance within the skin prior
to systemic absorption can occur.
How those studies are used?
Industrial and toxicology laboratories are seeking for alternative methods for the determination of percutaneous absorption that
predict reliable response in human skin.
In vitro studies are widely implemented for Pharmaceutical industry to evaluate the impact of the formulation on the fate of substances
applied on the skin. They can be set either for drugs intended for local treatments (dermatological), or for drugs intended to have an effect
on specific regions (anti-inflammatory, muscles relaxing), or for drugs intended to have a systemic effect.
Cosmetic, chemical companies also have the need to evaluate their raw material and final product formulations.
Though very different environments, the uses of permeation studies are similar for all of them:
At research and development step, they allow:
• Proof and concept by validating the potential use of an ingredient in a topical formulation
• Formulation screening by identifying the best suited formulation based on penetration profile (distribution in layers and kinetics).
• Comparative study by showing against key benchmark(s) a similar or better penetration profile.
At a regulatory step, they allow:
• Safety assessment by controlling the quantity of ingredient potentially reaching systemic distribution.
• Launching of generics by demonstrating that a generic product has the same penetration profile than the corresponding market reference.
The percutaneous absorption protocol allows researchers to quantitatively measure the permeability characteristics of their materials.
The assay can determine flux rates, trans-dermal permeability, metabolic stability of different substances or different formulations of the
same substance after topical application.
How are those studies conducted?
In vitro permeation studies are conducted using Franz™ diffusion cells.
The number of diffusion cells to be used is defined by the objective of the study-influencing number
of skin donors and cells per donor required.
Each cell is mounted with the chosen membrane, more often human skin which T0 experimental
parameters are controlled before the start of the study:
• TEWL, reflect of the integrity of the surface
• Thickness; generally the skin is used at split-thickness of 200 to 500 µm
The formulations are applied at a precise amount (2 to 5 mg/cm² for a solid or semi-solid formulation,
10 to 20 µL for a fluid formulation) according to the guidelines validating this in vitro model.
All samples generated (receptor fluids, washings and skin compartments: stratum corneum, epidermis, dermis) are prepared and assayed
following appropriate analytical methods that are either set up, validated or transferred.

In practice, the knowledge of the potential percutaneous absorption of a given ingredient
reveal to be of major interest as soon as such information allow to determine the efforts
to be made to demonstrate its safety as long as a low level of penetration may avoid to
proceed to long term toxicological studies.
In the opposite the level of penetration and the knowledge of the skin
layer concerned is able to contribute to the demonstration of a potential
local effect, avoiding long and expensive studies, not always
demonstratives in human beings.
Resort to relevant alternative in vitro models appears to be now
on a promising track when the tests on human beings and on
animals are more and more questioned for ethical reasons.
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