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Effects of drug- and formulation-properties and application methods on the drug penetration
into stratum corneum and hair follicles

Akinari Abe
[Abstract]

It is important to assess the safety of chemicals through skin permeation and skin
distribution studies after skin exposure to chemicals. Furthermore, it is very important to
evaluate distribution of drugs in the stratum corneum (SC) and hair follicles (HFs) in the
development of pharmaceutical products which expects to have a pharmacologic effect at the
target sites. Tape stripping (TS) method, suction blister method, punch and shave biopsies, and
micro dialysis method are known methods in the evaluation of topical drugs. These methods
are mainly suited in the evaluation of drugs through the SC pathway, but there are only limited
studies about methods investigating drug permeation through the HF pathway. The
cyanoacrylate biopsy (CB) method has been reported as an evaluation method for drugs
distributed in the HF. In this method, it is possible to recover the drug that was deposited in
the HF using its replica obtained by curing the cyanoacrylate applied in the HF. However, a
relation has not been sufficiently assessed between the height of the recovered HF replica
(measurable depth direction of the drug distribution of the HF region) and study on the recovery
rate of HF replica. In this study, the CB method was established as a method for evaluating
drug concentrations in the HF to understand the effects of drug and formulation properties, and
application method on the distribution of the drug to the SC and HFs. This method of evaluation
is useful in the development of pharmaceuticals, quasi-drugs and cosmetics with HF being the
site of action in skin.

In the first chapter, the present CB method showed that HF replicas had an average height
of approximately 175 um from the surface of SC-stripped skin. The results obtained in this
study indicated that this method can be used to evaluate drug disposition in the HF region from

the shallow part of the infundibulum proximate to the opening of the sebaceous duct.



Furthermore, the CB method revealed that significantly higher amounts of lipophilic drug (4-
butylresorcinol) could be delivered into HFs in a short period after application compared with
hydrophilic ones (caffeine, CAF).

In the second chapter, the effect of the direction of rubbing on the disposition of the CAF
into the SC and HF after application of the CAF solution was evaluated using the CB and TS
methods. By rubbing against the hair flow, the amount of CAF in the SC and HF, and
cumulative amount of CAF permeated were both significantly increased as compared with
other rubbing methods. Furthermore, it was observed that a water-soluble dye or fluorescent
fine particles (Fluoresbrite®), when they were rubbed against the hair flow, distributed mainly
into the SC, furrows, and HF opening. Furthermore, they accumulated into the deeper parts of
the HFs. From these findings, the relationship was clarified between the drug penetration into
the SC and HF and the direction of rubbing.

In the third chapter, the investigation on model formulations was expanded to a viscous
hydrogel, and the influence of rubbing application of various hydrogels on the SC and HF
penetration of CAF was examined. It has been found that the amount of CAF in the SC and HF
by skin application of hydrogel was increased by rubbing treatment as in the case of the
aqueous solution. Also, the skin permeation rate was maximum for hydrogels of intermediate
Viscosity.

In this study, drugs penetration into the deeper part of the HF and intradermal dynamics
of drugs after penetration to HFs were not evaluated, and thus remains a study subject in the
future. However, TS method, CB method and the present skin permeation experiments
sufficiently evaluated the concentrations in the SC and HFs of various drugs and formulations,
as well as the effects of rubbing. It is considered that these results can be utilized for the
development of pharmaceuticals, quasi-drugs, and cosmetics formulated with drugs intended

to exhibit effects on the skin and HFs.
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