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Abstract

Ethanol (EtOH) is one of the bases in topically applied medicines that promotes the

skin permeation of drugs. Although the effects of EtOH have been attributed to structural

modifications in the stratum corneum, the underlying mechanisms, especially the influence of

different concentrations of EtOH, have not been examined extensively. Structural

modifications in the stratum corneum of hairless mouse due to the application of EtOH/water

mixture were herein investigated at the molecular level using synchrotron X-ray diffraction.

The results revealed that all EtOH concentrations examined greatly modified the short

lamellar structures containing the aqueous layer in intercellular lipids and the structure of

keratin fibrils in corneocytes, which can take up hydrophilic compounds. However, the long

lamellar and the hydrocarbon-chain packing structures were unaffected by EtOH. Changes to

the short lamellar structures were not proportional to the concentration of EtOH. However,

the keratin fibril structures changed gradually with increasing EtOH concentration. The X-ray

diffraction experiments enabled the effects of different EtOH concentrations on the

morphology of the stratum corneum to be assessed by using a number of experimental

samples to avoid variations due to individual differences. The results indicated that alterations

to the short lamellar structures appeared to be related to the skin permeability of drugs with

the application of EtOH/water mixture, and monotonous structural changes in the keratin

fibrils with an increase in EtOH concentration may contribute to this permeation as



supplement. These results will be useful for the development of new drug formulations

containing EtOH.
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1. Introduction

Ethanol (EtOH) is widely used as a skin penetration enhancer as well as a skin

disinfectant and tonic. In order for drugs to be effective at their target sites, the active

ingredients in topical formulations must penetrate the skin barrier, which tightly regulates the

entry of external substances. This skin barrier is mainly comprised of the stratum corneum,

the outermost layer of skin, which markedly restricts the penetration of drugs. EtOH has been

shown to enhance the skin permeation of drugs in topical formulations markedly. Estradiol

and fentanyl dermal patches are typical examples of formulations that contain EtOH in order

to enhance their absorption into the skin [1-3]. The enhancements reported in the skin

permeation of drugs with the application of topical formulations containing EtOH have been

attributed to structural modifications in the stratum corneum. The various mechanisms

underlying the penetration-enhancing effects of EtOH on the stratum corneum barrier include

lipid extraction, increase in lipid fluidity, enhancement of drug solubility in the lipids of the

stratum corneum, change in skin hydration, an altered putative pore pathway, alteration in

keratinized proteins, and its effects on solvent drugs [4,5]. However, the effects of EtOH on

the structures of soft keratin and intercellular lipids in the stratum corneum have not been

extensively examined at the molecular level.

In the present study, we thus utilized synchrotron X-ray diffraction to examine the

structure of the stratum corneum at the molecular level as well as the effects of EtOH/water



mixture on the structures of intercellular lipids and fibrils in the soft keratin. We previously

demonstrated that EtOH/water mixture affected the in vitro permeability of drugs through pig

skin in an EtOH concentration-dependent manner [6]. The skin permeability of hydrophilic

drugs was increased but conversely decreased by low and high concentrations of EtOH,

respectively, suggesting that the effects of EtOH/water mixture on the structure of the stratum

corneum may depend on its volume ratio. In the present study, we measured X-ray diffraction

in the stratum corneum of mouse skin as a function of EtOH concentration. Previous studies

have already used X-ray diffraction in hairless mouse skin [7,8], hairless rat skin [9], and pig

skin [10,11]. Although there are slight differences in the constituents of intercellular lipids

among mammalian species, the lamellae have almost the same periodical structure among the

mammals. As for the skin permeation of chemical compounds, the skin of rodents, such as rat

and mouse, has higher permeability than pig or human skin, whereas the structures of the

stratum corneum are similar among these species. Among these mammals, the X-ray

diffraction profiles of the stratum corneum in hairless mice showed the most distinct

diffraction peaks, and represented the typical characteristics of the stratum corneum in

mammals. Therefore, we employed hairless mouse skin in the present study to detect minute

changes in the structure of the stratum corneum upon treatment with EtOH/water mixture.

The diffraction profile of the stratum corneum has also been investigated in humans [12,13],

and has been found to have similar characteristics to that in hairless mice.



In this study, we investigated the molecular mechanisms of action of various volume

ratios in EtOH/water mixture on intercellular lipids and soft keratin based on a structural

analysis using synchrotron X-ray diffraction experiments in stratum corneum treated with the

mixture.

2. Materials and methods

2.1. Materials

EtOH (99.5%, HPLC grade), sodium chloride, disodium hydrogen phosphate, and

potassium dihydrogen phosphate were obtained from Wako Pure Chemical Ind., Ltd. (Osaka,

Japan). Trypsin and trypsin inhibitor were obtained from Sigma-Aldrich Co., Ltd. (St. Louis,

MO, U.S.A.). All other reagents and solvents were of reagent grade or HPLC grade, and used

without further purification.

2.2 Animals

Male hairless mice (HR-1, 8-9 weeks old) were obtained from Saitama Experimental

Animals Supply Co., Ltd. (Sugito, Saitama, Japan). All animal studies were conducted

according to the recommendations of the Institutional Board for Animal Studies, Josai

University (Sakado, Saitama, Japan).

2.3. Sample preparation process

Hairless mouse skin was separated from the abdominal and dorsal region. After the



removal of excess fat, the skin was soaked with 0.1% (w/v) trypsin in pH 7.4

phosphate-buffered saline (PBS) at 4°C for 16 h. After being incubated for another 4 h at

37°C, the stratum corneum was separated from the skin. It was then treated with 0.1% (w/v)

trypsin inhibitor and rinsed in distilled water three times. Following this, EtOH/water mixture

of 0/100, 20/80, 40/60, 60/40, 80/20 or 100/0 v/v% was applied to the dried stratum corneum

for 2 h. By reducing the content of EtOH/water mixture from stratum corneum treated by the

mixture the EtOH/water mixture content in the stratum corneum was adjusted to be 20 wt%.

An approximately 5-mg piece of the sample was placed into a capillary glass tube and

immediately sealed for the X-ray diffraction experiment. We used 25 mice in the experiment

and obtained four samples per mouse. In addition, 13—14 samples were used for each

experiment; the samples treated by EtOH/water mixture were randomly selected in order to

avoid excessive use of a specific region or specific individual.

2.4. X-ray diffraction study

The X-ray diffraction study was performed at the beamline BL40B2 (Structural

Biology II Beamline) of SPring-8 (Harima, Hyogo, Japan). X-ray diffraction profiles were

recorded using an imaging plate system (R-AXIS IV; Rigaku Corporation, Tokyo, Japan)

with a 30 cm x 30 cm area. The X-ray wavelength was 0.0709 nm and sample-to-detector

distance was approximately 500 mm. Reciprocal spacing [S = (2 /1) x sin 0] was calibrated

from the lattice spacing (d = 5.838 nm, where d is the lamellar repeat distance) of silver



behenate at room temperature, where 26 is the scattering angle. The exposure time was 15 s.
The diffraction pattern was circularly averaged in order to obtain the radial intensity profile.
The profile was obtained from samples with almost the same weight of stratum corneum.
Photon counting for the profile was performed at 1152 pixels in the range of S = 0.05-3.0

nm’', and we counted the photon number at each pixel.

3. Results
3.1. Effects of various volume ratios in EtOH/water mixture on the ordered structure of
intercellular lipids

Figure 1 shows the X-ray diffraction profiles (S = 0.05-3.0 nm™) of the stratum
corneum of hairless mice following treatments with various volume ratios in EtOH/water
mixture. We determined the X-ray diffraction pattern from approximately one dozen stratum
corneum samples with almost the same volume after the application of EtOH/water mixture at
each volume ratio. Diffraction peaks were due to the repeat distances of the lamellar
structures in the small-angle region as well as the lattice constants of the lateral
hydrocarbon-chain packing structures in the wide-angle region. Figure 2a shows the X-ray
diffraction profiles in the small-angle region within the range of S = 0.10-0.40 nm™. Three
partially overlapping peaks derived from the short and long lamellar structures were detected

within the range of S = 0.12-0.25 nm™', and these profiles changed according to the volume



ratio. In addition, the single diffraction peaks derived from the long and short lamellar
structures were observed near S = 0.30 and S = 0.37, respectively. Figure 2b shows the X-ray
diffraction profiles in the wide-angle region within the range of S = 2.0-3.0 nm™. Two
diffraction peaks near S = 2.4 nm™ and S = 2.7 nm” corresponded to the hexagonal and
orthorhombic hydrocarbon-chain packing structures and only the orthorhombic
hydrocarbon-chain packing structures, respectively. In this experiment, the stratum corneum
sample from hairless mice showed split peaks for the orthorhombic hydrocarbon-chain

packing structures near S = 2.7 nm’.

Figs. 1 and 2

3.2. Analysis of multiple diffraction peaks in the small-angle region

Multiple partially overlapping peaks in the small-angle region in the range of S =
0.12-0.25 nm™ in Figure 2a were analyzed by fitting to Gaussian curves. Figures 3a and 3b
show the results obtained by the Gaussian curve fitting analysis for the small-angle X-ray
diffraction profiles of the stratum corneum in hairless mice after treatments with EtOH/water
mixture of 60/40 and 100/0 v/v%, respectively. The 2nd order diffraction of the long lamellar
structure, the 1st order diffraction of the short lamellar structure, and the 3rd order diffraction

of the long lamellar structure occurred in the region from S = 0.12 to 0.25 nm™ [12,14]. In



order to present typical examples of the fitting analysis, Figures 3a and 3b show those for

EtOH/water mixture of 60/40 and 100/0 v/v%, respectively, where the diffraction profiles fit

well to the sum of three Gaussian curves and a linear background. Figure 3¢ shows the results

obtained by the Gaussian curve fitting analysis for 4th order diffraction peak of the long

lamellar structures at EtOH/water mixture of 100/0 v/v%. Although the 2nd and 3rd order

diffraction peaks of the long lamellar structures overlap with other peaks, the 4th order

diffraction peak was obtained as a single peak with a flat background and has adequate

strength for fitting analysis. Therefore, the 4th diffraction peak was used for the analysis to

show the change of the long lamellar structures more precisely. Table 1 shows the repeat

distances of the long and short lamellar structures and the full widths at half maximum of the

diffraction peaks as a function of the volume ratios in EtOH/water mixture. In order to

compare variations in the short and long lamellar structures, the normalized repeat distance

and normalized full width at half maximum are shown in Figure 4.

The application of EtOH/water mixture did not significantly affect the long lamellar

spacing and the peak width. On the other hand, the short lamellar spacing was minimal and

the peak width was maximal after treatment with EtOH/water mixture of 60/40 v/v%. Thus,

EtOH/water mixture was involved in both regularly and irregularly alteration on the periodic

pattern of the short lamellar structure in an EtOH concentration-dependent manner.



Fig. 3, Table 1, and Fig. 4

3.3 Analysis of diffraction peaks in the wide-angle region

As shown in Figure 2b, two diffraction peaks (near S = 2.4 nm™' and near S = 2.7
nm™") derived from the hexagonal and orthorhombic hydrocarbon-chain packing structures
were detected in the wide-angle region. The peak near S = 2.7 nm™' was actually composed of
two peaks. We analyzed these peaks by fitting to two Gaussian curves, similar to that shown
in Figure 3. The split peak was consequently separated into two peaks (S =2.64 nm™ and S =
2.67 nm™), and the total diffraction profile fit well to the sum of the two Gaussian curves. We
then calculated the lattice spacing and the peak widths from those diffraction peaks. Figures 5
and 6 show the effects of the treatments with EtOH/water mixture on the lattice spacing and
the normalized full widths at half maximum, respectively. The lattice spacing and peak widths
for the hexagonal and orthorhombic hydrocarbon-chain packing structures were almost

constant and independent of the EtOH concentration.

Figs. 5 and 6

3.4. Effects of various volume ratios in EtOH/water mixture on the soft keratin in corneocytes

We analyzed a broad diffraction peak at approximately S = 1.0 nm™". This broad peak
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has previously been shown to be derived from the soft keratin, which is loosely packed in

corneocytes [10]. Figure 7 shows X-ray diffraction profiles in the region within § = 0.5-1.5

1 . . . . . . .
nm~ in the stratum corneum of hairless mice treated with wvarious volume ratios in

EtOH/water mixture. To calculate the peak position and the width, Gaussian curve fitting

analysis was again applied to each diffraction profile. Figure 8 shows the effects of various

volume ratios in EtOH/water mixture on the reciprocal of the peak position (protofibril

distance) and the full width at half maximum obtained from the diffraction profile for the soft

keratin. The protofibril distance and the peak width increased in an EtOH

concentration-dependent manner. Therefore, EtOH perturbed the soft keratin structure, which

loosened fibril packing.

Figs. 7 and 8

4. Discussion

In the present study, we performed X-ray diffraction experiments on the stratum

corneum of hairless mice to investigate the effects of EtOH/water mixture on its structure. We

applied different volume ratios in EtOH/water mixture to the stratum corneum, and then

examined its structure using X-ray diffraction in the SPring-8 facility. The EtOH/water

mixture content in stratum corneum samples was prepared at 20 wt% because the water
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content in the skin surface was estimated to be 20-30% [15] and mostly stabilizes the lamellar

structure at this level [16]. There have been difficulties associated with comparing the results

obtained from X-ray diffraction experiments on multiple samples under different conditions

because the diffraction profiles of the stratum corneum are greatly affected by individual

variations and/or skin sites. Few X-ray diffraction studies have closely examined the effects

of EtOH/water mixture on the structure of the stratum corneum. In this study, we prepared

approximately one dozen skin samples per concentration of EtOH and the X-ray diffraction

patterns obtained; therefore, differences due to individual variations and/or skin sites were

avoided and the influence of skin treatments with any volume ratio in EtOH/water mixture on

the structure of the stratum corneum could be compared clearly.

Ordered lamellar structures, such as the long and short lamellar structures, have

periodic structures in the direction of the long axis of the hydrocarbon chain. Previous studies

reported that the repeat distances of the long and short lamellar structures were approximately

13 nm and 6 nm, respectively [12,14]. To detect minute variations in the lamellar structures,

the Ist order diffraction peak for the short lamellar structures, in particular, must be carefully

isolated since this peak was weaker than that for the long lamellar structures. Gaussian curve

fitting analysis was performed to isolate individual peaks from each other. As a result, the

repeat distance and the full width at half maximum were obtained for the short lamellar

structures.

12



Diffraction peak analyses revealed that EtOH/water mixture influenced the short

lamellar structures more than the long ones. The observation of the short lamellar structure in

hydrated condition was first reported experimentally by Bouwstra et al. [7,10,12] who have

been careful for proposing the swelling behavior. They have pointed out that the X-ray

diffraction peak for the short lamellar structure becomes sharp near the water content of 20

wt% but the swelling effect on the short lamellar structure was not detectable in human [12]

and also hairless mouse [7] stratum corneum. On the other hand, in pig stratum corneum they

have observed a weak swelling effect [10], and from a careful study on much attention to the

effect of water in hairless mouse stratum corneum Ohta ef al. have found the swelling

behavior with increasing the water content [16]. So far in various studies, the diffraction peak

of short lamellar structure is sometimes undetectable [12,14], sometimes is only observed

only as a shoulder [7,10] and sometimes gives rise to a clear peak [16]. In addition to these

studies much clearly the swelling behavior in short lamellar structure has been observed from

the neutron diffraction by Charalambopoulou et al. [17]. The neutron diffraction experiment

by using heavy water is a powerful tool to observe the aqueous layer in stratum corneum since

the layer of heavy water can be observed dominantly. It is worthwhile to point out that the

increment of the spacing of short lamellar structure with increasing the water content in the

previous X-ray diffraction study [16] is consistent with the neutron diffraction study [17].

Furthermore, recently Nakazawa et al. have proposed that based upon the X-ray diffraction

13



study on the swelling behavior of short lamellar structure in human stratum corneum it could

involve in adjustment of the water content in stratum corneum [18]. The above fact indicates

that a uniform swelling of short lamellar structure takes place in stratum corneum since X-ray

and neutron diffraction measurement provide evidence for coherent structural alteration and

resultantly uniform swelling of the aqueous layer. The latter fact could be rationally supposed

from the swelling behavior under water obtained from the X-ray diffraction study on egg

lecithin bilayers which are composed of amphiphilic molecules [19] since intercellular lipids

in stratum corneum are composed of amphiphilic molecules such as ceramides and fatty acids.

Therefore the aqueous layers in the short lamellar structure could take place in the

face-to-face arrangement of the polar head groups via the aqueous layer. Hence, applied water

or EtOH on the stratum corneum might penetrate the aqueous layer, and the behavior of the

aqueous layer following the application of various volume ratios in EtOH/water mixture may

depend on differences in the interactions of a water molecule and an EtOH molecule with the

polar head groups of ceramides and fatty acids. The applied EtOH seems to combine with the

interface between the aqueous layer and the polar head groups of ceramides and fatty acids by

the hydroxyl group of an EtOH molecule facing the aqueous layer [20]. As a result, the repeat

distance of the short lamellar structures decreased with an increase in the EtOH concentration

in the range of EtOH/water ratio from 0/100 v/v% to 60/40 v/v%, which then conversely

increased when the concentration of EtOH was elevated above 60/40 v/v%. The diffraction
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peak width increased with an increase in the EtOH concentration in the range of EtOH/water
ratio from 0/100 v/v% to 60/40 v/v%, but decreased with further increases in the EtOH
concentration above 60/40%. These results indicate that treatment with a low concentration of
EtOH disturbs the short lamellar structures, but on the other hand, treatment with a high
concentration of it causes an aligned structure. In the case of treatment with mostly water or
EtOH, water and EtOH molecules may exist as structured molecules in highly concentrated
water and upon high EtOH, respectively. At intermediate concentrations, water and EtOH
may not form structured molecules, so the layer structure may be disrupted. In addition, Kwak
et al. reported [21] the effect of various concentrations of EtOH on model membranes of
stratum corneum lipids composed of different lipid classes. They pointed out that lipid model
membranes including ceramides were disrupted by the action of EtOH compared with those
with free fatty acids. This might indicate that there is less ceramide in the short lamellar
structures, being susceptible to EtOH, than in the long lamellar structures.

On the other hand, the hexagonal and orthorhombic hydrocarbon-chain packing
structures observed on a plane perpendicular to the long axis of the hydrocarbon chain were
previously reported to have lattice constants of 0.42 nm, 0.42 nm, and 0.37 nm [22]. Since the
diffraction profile with split peaks near S = 2.7 nm™" fits well to the sum of the two Gaussian
curves and a background line, there may be at least two types of orthorhombic
hydrocarbon-chain packing structure in the intercellular lipids in the stratum corneum of the

15



hairless mice used in the present study. The lattice constants and the peak widths derived from
the hexagonal and the orthorhombic hydrocarbon-chain packing structures were not
influenced by the treatment with any volume ratio in EtOH/water mixture.

Corneocytes, which are surrounded by intercellular lipids, are crucially involved in
maintaining the form of skin tissue. Cross-sectional observations of the stratum corneum
using electron microscopy indicated that it is composed of a higher proportion of corneocytes
than intercellular lipids [23]. The interior of corneocytes is filled with agglutinated-keratin
fibers. A diffraction peak of loosely packed soft keratin fibers was previously detected near S
= 0.96 nm" in the middle-angle region [10]. Thus, the reciprocal of the peak position
corresponded to the protofibril-to-protofibril distance. This diffraction peak was also observed
and analyzed in the present study. The protofibril distance and peak width increased in an
EtOH concentration-dependent manner. This result indicates that EtOH penetrated the
corneocytes [24] and disturbed the soft keratin structure by loosening fibril packing in the
corneocytes in an EtOH concentration-dependent manner. This phenomenon may be involved
in the denaturation effects of EtOH on keratin proteins.

The results of the present study reveal the molecular mechanisms of action of
different volume ratios in EtOH/water mixture on the ordered structures of intercellular lipids
and soft keratin in the stratum corneum. All volume ratios in EtOH/water mixture greatly
affected the short lamellar structure in the intercellular lipids and the fibril structures of the
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soft keratin, but had a negligible effect on the long lamellar structures in the intercellular

lipids and the hydrocarbon-chain packing structures. The structural alteration in the stratum

corneum due to the application of EtOH/water mixture suggests that it is heavily involved in

the skin permeability of topically applied drugs in formulations containing both EtOH and

water. We previously reported the effects of EtOH/water mixture on the skin permeability of

drugs using an in vitro pig skin permeation test [6], and demonstrated that the skin

permeability of hydrophilic drugs was increased by a low concentration of EtOH and, on the

other hand, was decreased by a high concentration of it. Although changes in the diffusivity

and partition coefficient of penetrants were expected with the EtOH/water mixture treatment,

the molecular mechanisms underlying the skin permeability of drugs have not yet been fully

elucidated. In the present study, the periodic structures in short lamellar became irregular at

low to medium concentrations of EtOH, but return to regular at higher concentrations of

EtOH. However in the orthogonal direction to the periodic structure the hydrocarbon-chain

packing structure does not change. Therefore not only water but also EtOH does not affect the

hydrocarbon-chain packing and EtOH/water mixture causes disarrangement of the regular

short lamellar structure with the aqueous layers. The structure of the soft keratin was altered

gradually by increases in the EtOH concentration. Therefore, these changes may be strongly

associated with the skin permeability of chemical compounds. The skin penetration of

chemical compounds through the stratum corneum depends on drug partition to the stratum
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corneum and drug diffusivity in drug-distributed regions. Lipophilic compounds have been

considered to be distributed to the hydrophobic region in intercellular lipids and then diffuse

in the lipid pathway, and as a result, the compounds penetrate the skin. In contrast,

hydrophilic compounds are considered to be distributed to the aqueous regions in intercellular

lipids or corneocytes and diffusion is observed in the aqueous pathway. Accordingly, the

changes to the short lamellar and soft keratin structures due to the application of EtOH/water

mixture imply that the distribution to aqueous regions and the diffusivity of hydrophilic

compounds may be altered. Since EtOH/water mixture did not significantly influence the long

lamellar structures with hydrophobic characteristics, the distribution and the diffusivity of

lipophilic compounds may be slightly changed compared with those of hydrophilic

compounds. Thus, EtOH treatment can greatly affect the skin permeation of hydrophilic

compounds. Although hairless mouse skin was selected for the collection of stratum corneum

samples in the present study, the influence of EtOH/water mixture was previously shown to

be similar on the skin of other animals (pig and rat) including human. The above results are

consistent with the previous findings of an in vitro skin permeation study using pig skin [6].

Further studies are needed to clarify the relationship between the structure of the stratum

corneum and skin permeability of chemical compounds following EtOH/water mixture

treatment. In particular, research that reveals the relative amounts of short lamellar structures

and long lamellar structures appears to be important, since determination of their ratio has not
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[1]

been accomplished yet. For the quantitative consideration we need statistical analysis of the

present data. For this purpose additionally there is room for further research into statistical

analysis.

EtOH is an ingredient in vehicles for topically applied medicines. In the present

study, the effect of EtOH/water mixture on the structure of the stratum corneum was not

directly proportional to its volume ratio. Although EtOH/water mixture changed the structure

of the stratum corneum, the type of change was largely dependent on its volume ratio.

Various concentrations of EtOH are currently selected for topically applied medicines.

Therefore, the effects of EtOH concentrations on the structure of the stratum corneum as well

as drug efficacy and safety must be considered when developing preparations containing both

EtOH and water.
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Figure Legends

Fig. 1. X-ray diffraction profiles in the hairless mouse stratum corneum as a function of the

volume ratios in EtOH/water mixture, where # is the number of stratum corneum samples.

Fig. 2. Small-angle X-ray diffraction profiles (a) and wide-angle X-ray diffraction profiles

(b) in the hairless mouse stratum corneum as a function of the volume ratios in EtOH/water

mixture, where n 1s the number of stratum corneum samples.

Fig. 3. Typical curve fitting analysis to small-angle X-ray diffraction profiles of the stratum

corneum of hairless mice treated with EtOH/water mixture of 60/40 v/v% (a) and 100/0 v/v%

(b, ¢). The thin solid line shows the mean of raw small-angle X-ray diffraction profiles.

The thick solid line indicates the best-fitted curve composed of the sum of Gaussian dotted

curves and a linear background dotted line.

Fig. 4. Effects of EtOH/water mixture treatment on the repeat distances (o or @) and the full

widths at half maximum (A or A) for the 4th order diffraction of the long lamellar structures

and the 1st order diffraction of the short lamellar structures. The normalized data were

calculated by dividing the values of repeat distances and full width at half maximum with

EtOH/water mixture treatments by those for 0/100 v/v%. The open circle or open triangle
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and the closed circle or closed triangle show the long lamellar structures and the short

lamellar structures, respectively.

Fig. 5. Effects of EtOH/water mixture treatment on the lattice constants for the diffraction
peaks at =24 nm”, $=2.64 nm”, and S=2.67 nm". The open circle, open triangle, and
open square show the diffraction peaks at S = 2.4 nm”, S = 2.64 nm™, and § = 2.67 nm™,

respectively.

Fig. 6. Effects of EtOH/water mixture treatment on the normalized full widths at half
maximum for the diffraction peaks at S = 2.4 nm'l, S=2.64 nm'l, and S =2.67 nm"'. The
normalized data were calculated by dividing the values of full width at half maximum with
EtOH/water mixture treatments by those for 0/100 v/v%. The open circle, open triangle, and
open square show the diffraction peak at S = 2.4 nm™, S = 2.64 nm™, and S = 2.67 nm',

respectively.

Fig. 7. Medium-angle X-ray diffraction profiles in the hairless mouse stratum corneum as a

function of the volume ratios in EtOH/water mixture, where n is the number of stratum

corneum samples.
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Fig. 8. Effects of EtOH/water mixture treatment on the reciprocal of the peak position (©)

and the full width at half maximum (A) for the soft keratin
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Table 1. The repeat distance (a) and full width at half maximum (b) obtained from the 4th

order diffraction peak for the long lamellar structure and the 1st order diffraction peak for the

short lamellar structure as a function of the volume ratios in EtOH/water mixture.

a) Repeat distance (nm)

EtOH/water ratio (v/v %) 0/100 20/80 40/60 60/40 80/20 100/0
Long lamellar structure 13.26 13.30 13.30 13.33 13.30 13.17
Short lamellar structure 6.29 6.13 6.13 5.86 5.95 6.42

b) Full width at half maximum (x102 nm™)

EtOH/water ratio (v/v %) 0/100 20/80 40/60 60/40 80/20 100/0
Long lamellar structure 0.93 0.89 0.89 0.91 0.85 0.88

Short lamellar structure 1.84 2.59 2.52 2.83 1.97 1.33
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