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Abstract

Hara et al. found that the topical application of b-galactosylceramide significantly increases the amounts of

ceramides in the stratum corneum (SC), a major family of intercellular lipids of the SC, and corrects atopic dry

skin conditions in human. Recently we synthesized O-b-9-galactosyl-N-stearoyl-A-serine-hexylamide (Gal-Ser-

diamide), an A-serine derivative that mimics b-galactosylceramide. In this study, we examined its direct e#ects on

the intercellular lipid organization which plays a crucial role in maintaining the barrier properties of the skin, using

an in vitro model of the SC lamellae. We observed a dose-dependent decrease in the trans-membrane water loss

when Gal-Ser-diamide was added to the lipid components of the model SC lamellae. Unlike the control sample, the

membranes treated with lipids containing Gal-Ser-diamide were completely covered with a continuous lipid film, includ-

ing a lamellar structure confirmed by SEM and TEM analyses. X-ray di#raction studies also revealed an ordering

and close packing of the model SC lamellae in response to the concentration of Gal-Ser-diamide. These findings sug-

gest that Gal-Ser-diamide improves the epidermal barrier function not only by enhancing the ceramide synthesis, but

also by reinforcing the SC lamellar structure.
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1. Introduction

It has been recognized for many years that the stratum

corneum (SC), the outermost layer of the skin, is maintain-

ing physicochemical barrier function. The SC mainly con-

sists of keratin-filled corneocytes embedded in a region of

highly ordered intercellular lipid lamellae1) and is designed

to protect the body from environmental influences such as

dryness and harmful agents. The ceramides are main

components of the intercellular lipid lamellae and play an

essential role in the formation and maintenance of the

epidermal permeability barrier.2, 3) Recent studies have

indicated that the amounts of ceramide in the SC are

decreased in the atopic dermatitis skin, resulting in the

dryness of the skin.4) Hara et al. have been investigated the

mechanisms of ceramide production in the skin and found

that topically applied b-galactosylceramide significantly

stimulates ceramide production via the activation of b-

glucocerebrosidase which is a rate-limiting enzyme in the

biosynthesis of ceramide in the skin.5) In a later study,

Hamanaka et al. also demonstrated that the topical applica-

tion of b-galactosylceramide actually improves atopic dry

skin.6)

But natural b-galactosylceramide is not available in su$-

cient amounts for extensive use in skincare products. Our

group has found a way to surmount this problem using

O-b-9-galactosyl-N-stearoyl-A-serine-hexylamide (Gal-Ser-

diamide) (Fig. 1), an A-serine derivative that mimics b-

galactosylceramide and Gal-Ser-diamide has been con-

firmed to increase the b-glucocerebrosidase activity in

human keratinocytes.7) Having developed an e$cient

method to synthesize Gal-Ser-diamide, we are now studying

its e$cacy as a cosmetic ingredient for skin barrier im-

provement.

On the other hand, amphiphilic molecules, including

b-galactosylceramide are known to increase lateral interac-

tions of lipid, thus imparting greater lamellar stability.8)

And the highly ordered intercellular lipid lamellae are

thought to play a very important role in maintaining the

barrier properties of the skin.9) It may be possible to restore

a normal barrier structure by developing skincare ingredi-

ents that improve the disordered packing structure of the

intercellular lipids observed in skin lesions. We have set out

to examine whether Gal-Ser-diamide influence the intercel-

lular lipid structure. X-ray di#raction studies on lipid
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Fig. 1. Structure of O-b-9-Galactosyl-N-stearoyl-A-serine-

hexylamide (Gal-Ser-diamide).
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