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Introduction
Ethanol (EtOH), a percutaneous absorption enhancer, has been used to increase the
efficacy of various drugs. As such formulations include both drug and EtOH, it is difficult to
evaluate the enhancing effect of EtOH on the skin permeability affected by the structural change of
the skin treatment with EtOH alone. Then the mechanism underlying EtOH-induced changes in the
skin permeability remain unclear. EtOH can be used not only to enhance drug permeation and as a
solubilization agent but also as a skin disinfectant or astringent. Thus, EtOH is frequently used as an
ingredient in drug formulations. Elucidating the mechanism underlying effects of EtOH on the
pathway of drug penetration in the skin will enhance the utility value of EtOH-containing products.
The purpose of the present study was to characterize the relationship and mechanism between the
drug permeability and structural changes in the EtOH-treated skin as a penetration barrier.

Chapter 1. The comparison of permeability of compounds through EtOH-treated skin

Effects of EtOH concentration on the permeability of the skin to various drugs via pig skin
were examined. The skin pretreatment with aqueous EtOH could achieve the evaluation of the skin
permeability without any effects of solubilization and solvent drag. The model drugs used in the
study were selected based on their different molecular weights and log Ky, values.

Skin permeability of hydrophilic drugs (especially high-molecular-weight compounds)
increased with low EtOH concentrations but decreased with high EtOH concentrations. A major
factor influencing skin permeability was the penetrant’s partition coefficient. However, pretreatment
with EtOH had no effect on the skin permeability of lipophilic drugs. Thus, skin permeability of
hydrophilic drugs is greatly influenced by the pretreatment with EtOH and its concentrations. It was
thought that the cause of those effects was the change in the drug distribution induced by alterations
in the structure of the skin.

Chapter 2. Effects of EtOH pretreatment and hair follicle (HF) plugging on skin permeability
2-1. Skin permeability of drugs through the stratum corneum (SC) or HFs

Elucidating the detailed mechanism of the effects of EtOH on the skin permeability of
hydrophilic drugs requires evaluation of the contribution of skin appendages, such as HFs. Plugging
the infundibulum enabled us to indirectly evaluate penetration of drugs via the HFs.

The results showed that HFs contribute significantly to the permeation of hydrophilic
drugs through the skin. The development of the new tool for evaluating skin permeation revealed
that the follicular pathway plays an important role in the entry of hydrophilic drugs. Hydrophilic
drugs show marked partitioning to the follicular pathway.

2-2. Evaluation of HF-mediated drug penetration through EtOH-treated skin

EtOH is expected to use as an enhancer of percutaneous absorption of the hydrophilic drug.
Then the effect of EtOH on drug entry via the HFs was examined using HF plugging experiments.

It was revealed that EtOH-pretreatment affected both the aqueous pathway in the SC and
HFs, resulting the change of the skin permeability of hydrophilic drugs. The primary penetration



pathway differed among the hydrophilic drugs examined. EtOH pretreatment had a greater effect on
the permeability of hydrophilic drugs which mainly through HFs rather than SC.

It was demonstrated that there two major penetration pathways in the skin, and the
contribution of each pathway to permeation of the drug depended on the character of chemical
compounds. The follicular pathway may not be simply a pore route, because the skin permeability of
high-molecular-weight compounds was varied with changes in EtOH concentrations.

Chapter 3. Effect of EtOH pretreatment on skin electrical conduction

It was suggested that the skin permeability of hydrophilic drugs using EtOH-treated skin
was related to the distribution of drugs to the aqueous pathway. Effects of EtOH on the distribution
of drugs to the aqueous pathway was examined by monitoring electrical conduction in the skin,
providing an indication of the ease with which low-molecular-weight ions pass through the skin.

Although certain levels of ion passage were observed under every EtOH pretreatment
condition, the skin permeability of the hydrophilic drugs of high molecular weight via aqueous
pathway was dramatically decreased by the treatment with high concentrations of EtOH. The
permeability of hydrophilic drugs of low molecular weight was highly correlated with skin electrical
conduction. These results indicated that the skin electrical conduction capacity reflects the condition
of the aqueous pathway involving the SC, and treatment with high concentrations of EtOH could
reduce the size of the aqueous pathway in the skin.

Chapter 4. Effects of EtOH on the ordered structures of the SC

In the previous chapters, it was demonstrated that EtOH-pretreatment changed the
permeability of hydrophilic drugs, and the alteration of the skin structure of the permeation pathway
by EtOH-pretreatment may caused the changes. EtOH-induced modifications of skin structure were
investigated at the molecular level using synchrotron X-ray diffraction.

EtOH markedly altered the short lamellar structures in the aqueous layer in intercellular
lipids and the structure of keratin fibrils in corneocytes. Although the short lamellar structures were
mostly changed by the middle concentrations of EtOH, the changes induced in the fibril structures
were linearly proportional of the EtOH concentrations. Long lamellar structures and hydrocarbon
chain packing structures were not affected by EtOH at any concentration. These results indicate that
EtOH has specific effects on the ordered structure of the skin, which can take up hydrophilic drugs.

Conclusion

Application of low concentrations of EtOH to the skin induced a disordering of the short
lamellar structures and a moderate loosening of the fibril packing structure. In contrast, application
of high concentrations of EtOH not only reduced the size of the pathway for aqueous domains, but
also ordered the short lamellar structures and denatured proteins in the corneocytes. The present
study revealed that EtOH can alter the aqueous pathway in the skin, and it follows that the skin
permeability of hydrophilic compounds changes as a result of alteration in drug distribution. These
new findings concerning the effect of EtOH on the skin permeability of drugs and its effect on the
structure of the skin barrier will be useful in further development of EtOH-containing drug
formulations.
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