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immediately treated with a solution of 20 MM OG. To this
end, mixtures of SC (15 mg) and OG (2.5 ml) were soni-
cated at 2%C for 15 min in a bath sonicator (514 ECT,
Selecta, Spain) and then incubated at the same temperature
for 18 h in nitrogen atmosphere (Dencher and Heyn, 1982;
Kragh-Hansen et al., 1993; pez et al., 1997). The native
SC, without previous incubation with liposomes, was
subjected to the same treatment with OG in order to evaluate
the protective effect caused by the PC liposomes on the
structural alterations induced by the OG in the SC tissue.
Five samples were analyzed using high-resolution, low-
temperature scanning electron microscopy: native SC, SC
treated with OG and SC incubated with different concen-
trations of liposomes (5.0, 10.0 and 15.0 mM PC) and
Fig. 1. Freeze-fracture electron micrograph corresponding to two PC vesi- further treated with OG. Cylindrical pieces of each sample
cles. The magnification is given in the micrograph. (diameter of about 2 mm and a length of about 1-2 mm)
were fixed with 2% (w/v) glutaraldehyde in 0.1 M sodium
1965) and was shown to be pure by thin-layer chromato- cacodylate buffer. The samples were cryoprotected with
graphy (TLC). The nonionic surfactantoctyl-g-D-gluco- 30% (v/v) glycerol and mounted on a 3 mm aluminum
pyranoside (OG) was purchased from Sigma Chemical Co. holder. Thereafter, the SC samples were frozen by plunging
(St. Louis, MO). Tris(hydroximethyl)-aminomethane, TRIS them into liquid propane and fractured with a microtome
buffer, (Merck) was prepared as 5.0 mM TRIS and 100 mM knife in a Balzers BAF 300 freeze-etching device (Bal-Tec.,
NaCl (pH 7.4). Liechtenstein) at 10’ mbar and a temperature ef110°C.
PC liposomes of about 200 nm diameter were prepared byAfter etching for 2 min, the fracture plane was coated with
extrusion of large unilamellar vesicles previously obtained 2 nm Pt/C (unidirectional at an angle of*4%ollowed by 5—
by reverse phase evaporation (de la Maza et al., 1998). The7 nm C at an angle of 90 Afterwards, the cold samples
hydrodynamic diameter of the liposomes was determined by were immediately cryo-transferred on a Gatan cryo-holder
means of a dynamic light-scattering technique using a into a Hitachi S-900, in lents field emission scanning elec-
photon correlator spectrometer (Malvern Autosizer 4700c tron microscope equipped with a highly sensitive annular
PS/MV) equipped with an Ar laser source (wavelength YAG-detector for back scattered electrons. The specimens
488 nm). All the experiments were performed at’@5 were investigated at 110°C. The beam current was-3 X
and at a reading angle of 90The data analysis was 10 ' A as measured with a Faraday cage. The primary
performed using the version of the progracoNTIN accelerating voltage was 10 kV. Images were obtained
provided by Malvern Instruments, England. with the back scattered electron signal and recorded digi-
The morphological characterization of liposomes was tally with a Gatan Digiscan 688 connected to an Apple
performed using freeze-fracture electron microscopy. Quadra 950 (Walther et al., 1995).
About 1l of liposomes was sandwiched between two
copper platelets using a 400-mesh gold grid as spacer. The
sample was then frozen in a propano-jet-at8C0°C and 3. Results and discussion
fractured at—150°C and 2x 10" " mbar in a Balzers BAF
300 freeze-fracturing apparatus (BAL-TEC, Liechtenstein). PC liposomes showed a monomodal size distribution
The replica was obtained by unidirectional shadowing with curve with a hydrodynamic diameter of 180 nm and a poly-
2 nm of Pt/C and 20 nm of C, floated on distilled water and dispersity index ranging from 0.10 to 0.13 by dynamic light
then examined in a Philips EM 301 electron microscope at scattering. Fig. 1 shows a freeze-fracture electron micro-
80 kV (Egelhaaf et al., 1996). graph of two PC vesicles that exhibit the typical rounded
The amount of PC incorporated into the SC tissue was shape and a diameter of about 190 nm.
calculated as the difference between the PC concentration The use of high-resolution, low-temperature scanning
present in the incubation medium before and after incu- electron microscopy technique was suitable for visualizing
bation with the liposomes. These PC concentrations werenative and treated SC. The main advantage of this technique
determined using TLC coupled to an automated flame is that the replica-cleaning process is not necessary and,
detection system (TLC—FID) (Ackmam et al., 1990). consequently, the risk of replicas breaking into small pieces
The separation of hairless pig epidermis and the isolation is avoided. In order to prevent structural changes during the
of SC sheets were based on the method of Wertz andfreezing process, the samples were prefixed with glutaral-
Downing (1983). The SC tissue was incubated with 3 ml dehyde and cryoprotected with glycerol prior to cryofixation
of PC liposomes 5.0, 10.0 and 15.0 mM, af@5or 18 h in propane (Section 2). To check if this prefixation process
and then it was removed from the liposome solutions and caused artifacts in the final visualization of the samples,
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dehydrated, control samples delipidized SC were
incubated in water alone to evaluate the possible
changes induced by rehydration during incubation
with the liposome suspension.

2.2. High-resolution low-temperature scanning
electron microscopy studies

Three different samples were analyzed: native
SC, delipidized SC and SC treated with liposomes
after delipidization. Cylindrical pieces of each
sample (diameter of about 2 mm and a length of
about 1-2 mm) were fixed with 2% (w/v) glu-
taraldehyde in 0.1 M sodium cacodylate buffer.
The samples were cryoprotected with 30% (v/v)
glycerol and mounted on a 3 mm aluminium
holder. Thereafter, the SC samples were frozen by
plunging into liquid propane and fractured with a
microtome knife in a Balzers BAF 300 freeze-
etching device (Bal-Tec., Liechtenstein) at 107
mbar and a temperature of — 110°C. After etch-
ing for 2 min, the fracture plane was coated with
2 nm Pt/C (unidirectional at an angle of 45°)
followed by 5-7 nm C at an angle of 90°. After-
wards, the cold samples were immediately cryo-
transferred on a Gatan cryo-holder into a Hitachi
S-900, in lens field emission scanning electron
microscope equipped with a highly sensitive annu-
lar YAG-detector for back scattered electrons
[21]. Specimens were investigated at — 110°C. The
beam current was 1-3 x 10~'"" A as measured
with a Faraday cage. The primary accelerating
voltage was 10 kV. Images were obtained with the
back scattered electron signal and recorded digi-
tally with a Gatan Digiscan 688 connected to an
Apple Quadra 950.

In order to study in detail the pictures obtained
by HRLTSEM, the corresponding image analyses
was performed. One-dimensional optical density
profiles corresponding to the intensity variations
vs distance in the images (nm) were processed in
six different areas. In addition, to obtain statisti-
cal information the Fourier-transform of these
selected areas were computed and the array sizes
corresponding to the intensity peaks distance were
determined.

Table 1
Lipid composition (wt%) of the material extracted from stra-
tum corneum forming liposomes

Lipids Yowt
Ceramides 36
Cholesterol 27
Free fatty acids 24
Cholesteryl esters 4
Triglycerides 3
Cholesteryl sulfate S

3. Results and discussion

The lipids extracted from the SC were able to
form liposomes (lipid composition is shown in
Table 1). The dynamic light scattering technique
showed for these vesicles a bimodal distribution
curve, in which the size varied in a range between
80 and 150 nm. FFEM was a useful technique to
visualize these bilayers, in agreement with previ-
ous studies [4,24]. Fig. 1 shows some of these
vesicles with sizes around 100 nm of diameter in
accordance with the dynamic light scattering
measurements.

The use of HRLTSEM was suitable to visualize
SC samples according to a method previously
described [21]. This improved SEM technique
showed similar resolution than the conventional
freeze-fracture TEM [25] and has one additional
advantage: The replica-cleaning process is not

Fig. 1. Freeze-fracture electron micrograph corresponding to
SC lipids liposomes. The magnifications are given in the
micrograph.





