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Summary
Takashi Uchida
Introduction

Skin permeability coefficient of compounds is very important to evaluate safety and effectiveness
of topically applied drugs, quasi-drugs and cosmetics. Therefore, skin permeability coefficient of
compounds has been evaluated and in silico method to estimate the permeability coefficient from
its aqueous solution has been developed with the physicochemical properties. On the other hand, an
oil-based component such as hydrocarbons and esters, an aqueous-based component like alcohols
and polyols, surfactants and macromolecules are blended in dermatological formulations besides
water. Among these, oils are contained in many dermatological products. However, no reports have
been published to estimate skin permeability coefficient of chemicals from oils with its
physicochemical properties.

In addition the criticism to animal experiments had become strong in the worldwide and
examinations with alternative membranes are being required also in the skin permeation studies in
the cosmetic field. Three-dimensional cultured human skin model is examined as alternative
membranes, and the usefulness has already been reported. However, the surface area is not enough
size to be applied to compounds and final formulations and the expiration date for use is limited are
problems for the cultured human skin models. On the other hand, artificial membranes such as
silicone and synthetic artificial membranes have advantages for small lot differences and
multi-sample measurement. In order to use them as a human skin substitute membrane, it is
necessary to clarify the difference in permeation characteristics of chemicals through human skin
and the artificial membrane. In this study, silicone membrane and Strat-M were selected as an
artificial membrane, and usefulness of the artificial membranes as a human skin substitution for in
vitro skin permeation experiment was evaluated. Furthermore, the effect of physicochemical
parameters of the oils on the membrane permeation of chemicals was investigated.

Chapter 1. Usefulness of silicone membrane as an alternative human skin

The permeation parameters of chemical compounds through a silicone membrane were calculated
from the obtained permeation profiles, in particular for chemical compounds with MWs between
151 and 288 and log Kouw values from -1.5 to 3.9. For the hydrophilic compounds of antipyrine and
caffeine, KL values for the silicone membrane were 100-fold lower than those in human skin, and P
values for the silicone membrane were similar to those in human. On the other hand, in the
hydrophobic model compounds of n-butyl paraben and flurbiprofen, KL values for the silicone
membrane were similar to or 10-fold higher than those in human, and P values for the silicone
membrane were 100-fold higher than those in human. From these results, it was found that the
silicone membrane is useful as a model to predict the human skin permeability of a compound in a
short time. However, depending on the lipophilicity of the model compounds, under- or
overestimation of compounds permeability might occur in silicone membrane.



Chapter 2. Usefulness of Strat-M as an alternative human skin

The permeability coefficients of chemical compounds through Strat-M were evaluated with
chemical compounds with molecular weights between 151 to 288 and log Kow from -0.90 to 3.53.

P of Strat-M increased as log Kow Of the applied compound increased, and similar results were
observed in human skin. In addition, a good correlation of log P was observed between Strat-M and
human skin. Furthermore, DL and KL of Strat-M were similar to those of human skin. From these
results, Strat-M can be utilized in screening tests to estimate the permeability of chemicals through
human skin.

Chapter 3. Effect of esters on the artificial membrane permeation using high-throughput
diffusion cell array

A high-throughput diffusion cell array was used to evaluate the effect of ester oils on the
compounds permeation through the artificial membrane. Four model compounds (CF, AMP, BA,
and FP) having different lipophilicities were selected model compounds, and 25 kinds of esters that
used in oil-base in cosmetic products were selected as vehicles. The permeated amount through the
silicone or Strat-M was measured, and the correlation between the permeated amount and physical
properties such as compound solubility in ester oils, surface tension and wettability of oils was
examined. As a result, a good correlation was observed in compound permeations from the ester
oils between silicone membrane and Strat-M. The correlation coefficient was increased as the
lipophilicity of the compound increased. In addition, the compound permeations except for highly
hydrophilic compound CF were significantly correlated with the wettability, surface tension, and
uptake of esters into the membrane. On the other hand, the amount of CF permeated through
silicone membrane correlated with the amount of ester uptake, whereas in Strat-M it correlated with
the solubility of the compound and the membrane uptake. Interestingly, the uptake of oils was
highly correlated with wettability in silicone membrane and viscosity in Strat-M, respectively.
These findings suggested that the amount of ester oil uptake into the membrane is an important
factor to affect membrane permeation of compounds from oil esters. In addition, compound
solubility in oil ester, as well as the amount of ester uptake into the membrane, should be
considered for a complicated membrane structure of Strat-M.

Conclusion

Silicone membrane and Strat-M were useful as an alternative membrane to human skin substitute.
Especially, Strat-M showed close values of permeability coefficient to human skin.

Furthermore, the compound permeation from ester oils through these artificial membranes was
strongly dependent on the solvent uptake into the membrane, and compound solubility in the oils
also affected on the permeation of hydrophilic compounds. The effect of physicochemical
properties of ester oils on the membrane permeation of compounds was revealed through our
results. Thus, it is considered that silicone membrane and Strat-M could be utilized to develop
pharmaceutical and cosmeceutical products.
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