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Background : Stratum corneum lipids are arranged as intercellular membrane bilayers pre-

sumed to mediate the epidermal permeability barrier. Acute disruption in barrier function will
initiate epidermal lipid synthesis, which can be prevented by occlusive membrane. Whereas, oc-
clusion ox the skin is known to cause an increased transepidermal water loss(TEWL) and en-
hanced percutaneous absorption of a variety of compounds.

Objective : Previous reports with electron microscopy showed varying sizes of lacunae
and disorganized intercorneocyte lipids after tape stripping and occlusion with a water im-
permeable merabrane on the murine skin. Hence we studied the effects on stratum corneum
lipids and changes in barrier function after occlusion with a water-impermeable membrane.

Methods : Male hairless mice were occluded with one finger of a Latex glove for 24, 48 and
60 hours. After occlusion, TEWL was measured and biopsy specimens were taken from
skin. For electron microscopic examination the samples were treated with osmium tetroxide,
ruthenitum tetroxide, and tracer (lanthanum) and infrared spectroscopy were also applied.

Results : Occlusion with a water-impermeable membrane on the skin induced higher
TEWL Values and greater penetration of the tracer than normal. Alterations of the lipid bi-
layer membrane and lacunae forination in the stratum corneum interstices were also in-
duced after 24 hours of occlusion. However, the orderness of the lipid alkyl chain in the stra-

tum corneum was not changed until 60 hours of occlusion.

Conclusion : These studies indicate that the increased epidermal permeability after occlusion
may be due to the abnormal lipid membrane structures and volume expansion of existing lacunar
domains in the stratum corneum interstices.(Ann Dermatol 9:(2) 116~125, 1997).
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Stratum corneum lipid

The primary function of the epidermis is to provide
terrestrial animals with a barrier to water perme-
ation. This permeability barrier is localized to the
stratum corneum (SC) interstices, where it is medi-
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ated by lamellar bilayers composed of a mixture of
cholesterol, ceramides and free fatty acids. These
lipids are derived from secreted lamellar body con-
tents from upper stratum granulosum (SG) cells
deployed to the extracellular spaces of the stratum
corneum as foreshortened membrane sheets,
which subsequently undergo reorganization into
an elongated bilayer structure'”.

Recent studies have shown that when the barrier
is disrupted with solvents or tape stripping, a re-
pair sequence is triggered that leads to normalization
of barrier function over 24 to 48 hours™. More-
over, when the defect in barrier frunction, in-
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Fig. 2. Normal stratum corneum intercellular bilayer structures, the electron -lucent lamellae that alternate with elec-
tron-dense lamella. Inset, the intercellular membranes which comprise nine electron-lucent lamellae alternating with
eight electron-dense lamellae. The single arrow indicates the continous electron-lucent lamella and the double arrows
indicate the interrupted electron-lucent lamella. Magnification X 240,630; inset, magnification X 202,100).
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Fig. 3. 24 hours occlusion mn normal epidernus. Note
the disorted membrane structure, and the fragmentary
membrane (arrow). Magnification X 105,470.
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duced by either acetone or essential fatty acid defi-
ciency, is corrected by application of a water-im-
permeable membrane, the characteristic increase
in epidermal lipid synthesis is prevented, whereas
epidermal lipid synthesis is increased in animals
covered with a water permeable membrane’.
These studies described the effects of occlusion of the
skin with a defect in barrier function and raised
the question that after occlusion with a water-im-
permeable membrane the barrier function of the
stratum corneum might be affected. Furthermore, pri-
or studies have demonstrated that after only a few
days of occlusion, ultrastructural injury to ker-
atinocytes, Langerhans cells, fibroblasts and the
endothelium may be seen without clinically evi-
dent changes, and such changes may progress with
repeated occlusion®. To delineate this issue, we
employed ruthenium tetroxide post-fixation to ex-
amine the morphological changes on the skin, a
lanthanum tracer study to see the tracer perme-
ability and infrared spectroscopy to examine the
hydrocarbon-chain disorderness of the SC lipids
after occlusion with a water-impermeable mem-
brane on the skin.

Fig. 4. Occlusion m normal eprdernus tor 45 hours, the intercellular lipid lamellae were separated by lacunae (aster-
isks) and loss of normal structure in foci (arrows). Magnifcation X 160,420.



Water-Impermeable Occlusion Effect to Intercorneocyte Lipid Layers in Hairless Mice 119

Fig. 5. Atter 60 hours occlusion, variability in the meercellular famellar OIEANIZAtION 1s apparent, t souie sites and ab-
sence of all electron-lucent and electron-dense lamellae is evident(arrows), and interspersed with extensive clefts con-
taining flocculent electron-dense material (stars). Magnification X 133,680

MATERIALS AND METHODS

Materials

Hairless male mice were obtained from the animal
laboratory at Yonsei University College of Medi-
cine and were fed a regular mouse diet and water ad
libitum. They were 8-12 weeks old at the time of this
study. Ruthenium tetroxide (RyQ;), osmium
tetroxide (OsO;), lanthanum nitrate(LaNQ;) and

embedding resins were from polyscience Inc
(Warrington PA).

Experimental protocols and electron micros-
copy

While under Following an anesthesia with intra-
muscular injection of ketamine hydrochloride, the
occlusion of the skin was accomplished by sliding a
mouse into one finger of a Latex glove so that the
entire torso was covered tightly with a water-im-
permeable membrane for 24, 48, 60 hours.
Transepidermal water loss (TEWL) was measured
with an electrolytic water analyzer (Meeco Inc.,
Warrington, PA) about 5 minutes after a removal of
occlusion. Samples were taken from the treated
and untreated animals for electron microscopy.
Samples were briefly minced 0.5mm’ and fixed in

modified Karnovsky’s fixative overnight, washed
in 0.IM of cacodylate buffer, and post-fixed in
0.25% ruthenium tetroxide (RuO4) in 0.1M of ca-
codylate buffer for 45 min at room temperature in a
dark place. After fixation, all samples were rinsed in
buffer solution, dehydrated in graded ethanol solu-
tions and embedded in an Epon-epoxy mixture.
Ultrathin 60-to 80-nm sections were examined after
further contrast with uranyl acetate-lead citrate in a
H-500 electron microscope, operating at 75K V.

Lanthanum tracer studies

Lanthanum nitrate was used as a tracer to delin-
eate the pathways and extent of water permeation
through the epidermis. Samples were taken after
24 hours of occlusion following tape stripping as
well as occlusion for 24, 48 and 60 hours in normal
skin, and then minced and incubated in equal
parts modified with Karnovsky’s fixative and
0.05M Tris buffer containing 4% (wt/vol) sucrose
and 8% (wt/vol) lanthanum nitrate, pH 7.6, for 1
hour at room temperature. The samples were then
rinsed in fixative, placed in fresh fixative for 1
hour at room temperature, and incubated in fixative
at 4 'C overnight. After rinsing in 0.1M cacodylate
buffer, the samples were post-fixed in 1% osmium
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Fig. 6. Ultrastructure of lanthanum-treated epidermis. In normal epidermis no lanthanum tracer is tound in the inter-
cellular spaces of the stratum corneum, it can only be seen in a patchy distribution in the intercellular spaces of the
granular layer (arrows, A). By 24 hours of occlusion, the tracer penetrates the SG-SC interface and lower part of SC
interstices (arrows, B). C, in Samples taken after occlusion for 60 hours in normal skin, the tracer percolates through
the SC-SG interface, and it can be seen in the intercellular spaces within SC (arrows). Whereas, in samples taken
from tape stripped specinens that had been occluded for 24 hours the tracer percolates thoughout all the spaces of SC
(arrows, D). A, magnification X 20,425; B, magnification X 26,360; C, magnification X 25,830; D, magnification x
20,420.

tetroxide (OsO4) rinsed, dehydrated, embedded section of the occluded area was subjected to
and sectioned as discribed above. ATR-FTR(attenuated total reflectance - Fourier
transform infrared) spectroscopy (Bio-Rad, Digilab

Infrared spectroscopy FTS-80, Boston, MA, U.S.A.). The sample was

After the occlusion for 24, 48 and 60 hours, a isolated from the mouse after sacrifice and sealed be-
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Fig. 7. IR spectra of untreated hairless mouse skin. The inset is the enlarged view of the wavenumber range where the
absorption maxima of the C-H asymmetric (2920 cm”) and symmetric (2850 cm™') stretching vibration occur.

tween two IR-transparent, ZnS windows. This en-
semble was then mounted in the path of the IR
beam and the spectra at 25 °C were obtained. The
spectra obtained were analyzed using WIN-IR
software of Bio-RAD, and the effect of hydration was
evaluated by the wavenumber shift in the absorption
maxima (transmittance minima) of the C-H
asymmetric and symmetric stretching vibration.

RESULTS

Transepidermal water loss (TEWL)

To determine whether the occlusion affected
the permeability barrier function, we first checked
the TEWL after 24, 48 and 60 hours of occlusion. As
seen in Fig. 1, the normal range of TEWL is about
0.5mgfcm’/h. and the TEWL gradually increased
with the time of the occlusion. This result demon-
strates that occlusion with a water-impermeable
membrane may cause damage to the skin barrier.

Effects of intercellular lipid structure in stra-
tum corneum

The structure of the intercellular lamellae of the
normal epidermis comprises multiple lipid bilayers
that are fully preserved in the intercellular spaces of
the stratum comeum (SC). From the corneocyte
envelope outward, the electron-lucent lamellae
comprises first a continuous sheet immediately ex-
terior to the cornified envelope. External to the
first electron-lucent lamella lies the second type of
electron-lucent sheet, which is characterized by
frequent interruptions along its long axis, resulting in
a fenestrated appearance (Fig. 2). The typical in-
tercellular lamellae is comprised of six electron-lu-
cent lamellae alternating with five electron-dense
lamellae or nine electron-lucent lamellae alternating
with eight electron-dense lamellae (Fig. 2 inset).
Moreover, more than nine electron-lucent inter-
cellular lamellar structures can be seen occasionally

Whereas, in samples taken after 24 hours occlu-
sion, alterations in the intercellular lamellar bilayers
are comparable with normal stratum corneum
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Fig. 8. IR spectra of hairless mouse skin occluded for 24, 48 and 60 hours. The spectra obtained from control skin is
also shown [(A) control; (B) 24 hours, (C) 48 hoursm, (D) 60 hours].

lamellar bilayers shown in Fig 2, where the tightly
packed structure of the intercellular lamellar bilayer
system is distorted, and short fragmentary mem-
brane structures are produced. Moreover, the lipid bi-
layers are separated by electron-dense material
(Fig. 3). By 48 hours of occlusion, the intercellular
domains of the stratum comeum exhibit electron-lu-
cent dilatations or lacunae within the intercellular
bilayers, separating lipid lamellae which olbiterated
the normal structures (Fig. 4). Furthermore, after 60
hours of occlusion, extensive disorganization is evi-
dent within the intercellular domains of the stratum
corneum, with distorted membrane configurations,
loss of the basic unit membrane structure, foci
were filled with flocculent, amorphous electron-lu-
cent material, and clefts were present throughout in-
terstices(Fig. 5). These results indicate that occlusion
with a water-impermeable membrane in normal
epidermis may induce abnormalities of lipid bilayer
structures in the stratum corneum.

Tracer studies

To insure the failure of barrier function after oc-
clusion, we also assesed barrier competence in the
epidermis after occlusion by examining the extent of
penetration of lanthanum. The water-soluble tracer,
lanthanum nitrate normally does not penetrate in-
tact stratum corneum’. As shown in Fig. 6A, in
normal epidermis with complete barrier function, the
tracer is seen in a patchy distribution within the
intercellular spaces of stratum granulosum. Wher-eas,
after 24 hours occlusion, the tracer is penetrated
through the stratum corneum-stratum granulosum
junction and lower stratum corneum interface(Fig.
6B). However, in samples taken from the animals af-
ter 48 and 60 hours of occlusion, the tracer could al-
so be found in the lower part of the stratum
corneum interstices and the stratum corneum-stra-
tum granulosum junction, but not in the upper
part of stratum corneum (Fig. 6C). Furthermore,
in samples taken after 24 hours of occlusion fol-
lowing tape stripping with more defects in barrier
function, the tracer penetrated all the stratum



Water-Impermeable Occlusion Effect to Intercorneocyte Lipid Layers in Hairless Mice 123

corneum spaces(Fig. 6D). These results demon-
strate that the increased TEWL that occurs with
occlusion is due to alterations with the intercellular
spaces of the statum corneum.

Spectral analysis

Fig. 7 shows the IR-spectra of skin obtained
from an untreated hairless mouse. The inset in
Fig. 7 is the enlarged view of the wavenumber
range between 3000 and 2800 cm’', where the ab-
sorption maxima of the C-H asymmetric (2920
cm’) and symmetric (2850 cm') stretching vibration
occur. The stratum corneum consists of kera-
tinized dead cells and intercellular lamellar lipids. In
normal skin, most of the C-H conformers of the
intercellular lipid alkyl chains are in the trans
conformation and the packing of the alkyl chains are
very efficient (highly ordered state). If there is an in-
creased number of gauche conformers in the lipid
alkyl chain by any treatment, and thus reducing
the efficiency of packing, the energy needed to vi-
brate the C-H bonds will increase. This means
that the absorption maxima will shift to a higher
wavenumber’. Fig. 2 shows the spectra obtained
from skin occluded for 24, 48 and 60 hours, to-
gether with the spectra from control skin. In all
cases, the absorption maxima of symmetric
stretching were observed at 2850 cm'. This indicates
that there is no change in the orderness of the
lipid alkyl chain domain. In the case of asymmetric
stretching, it was rather difficult to assign the exact
wavenumber where the absorption maxima oc-
curred. In order to find the exact wavenumber, the
spectra were analyzed by a second derivative
method, using the WIN-IR software. In all cases, the
absorption maxima were observed - at 2850 cm™.
These results show that the orderness of the inter-
cellular lipid alkyl chain in the stratum corneum is
not affected by the occlusion.

DISCUSSION

Ample circumstantial evidence supports .1 vole
for stratum corneum lipid in mammalian cuta-
neous barrier function®’. Prior studies have shown
that epidermal lipid synthesis is regulated by barrier

requirements’. Acute insults, such as organic solvent -

treatment, cellophane tape stripping and surfac-
tant treatment, induce an increase in cholesterol, ce-
ramides and fatty acid synthesis, limited to the un-

derlying epidermis'""’. Furthermore, the increase

in lipid synthesis is attributable to an antecedent in-
crease in mRNA expression, enzyme content, en-
zyme activity, as well as alterations in the phos-
phorylation state of some of the key enzymes of
lipid synthesis"’. Barrier requirements not only reg-
ulate epidermal lipid synthesis, but in addition,
regulate mRNA for certain proteins involved in
lipid transport, such as apoprotein E and LDL re-
ceptors'’. Therefore, while all of the nucleated cell
layers retain the capacity to synthesize lipid with var-

jous types of acute and chronic barrier disruption,

distinctive changes in lipid synthesis and enzyme ac-
tivity occur within specific epidermal cell layers”. Fi-
nally, the burst in lipid synthesis results in a return of
stratum corneum lipid, previously removed during
barrier disruption, to the stratum corneum in paral-
lel with barrier restoration’. Additionally, the extent
of the burst in lipid synthesis following barrier ab-
rogation is proportional to the extent of barrier
disruption, and most importantly, when the barrier
is disrupted in the acute model, such as in acetone
treatment, and then is artificially restored with a
water-impermeable membrane, the burst in epi-
dermal lipid synthesis that occurs in response to
perturbations in barrier function is prevented’.
Occlusion cannot prevent the epidermal hyperplasia
and also cannot block the increased TNF-a and
IL-1e that is induced by repeated barrier disrup-
tion'®. Occlusion enhances the percutaneous ab-
sorption of a variety of compounds and psoriasis is al-
so often improved by occlusion'’. Occlusion blocks
TEWL, this leads to an increase in the water content
of the SC.

The present study demonstrates that occlusion
with a water-impermeable membrane not only
delays the barrier recovery in the acute insult
mode! ™, but also induces the abnormal structures of
the stratum corneum in the normal epidermis. By 24
hours of occlusion, as seen in Fig. 3, the mem-
brane-fragmented region would be seen as “pores”
due to their lack of normal membrane structure.
Because these fragmented domains are quite com-
parable with normal lipid bilayers, they presum-
ably account for the overall increase in perme-
ability of the stratum corneum in occlusion with
normal epidermis. In addition, it is also possible
that the presence of lacunae and the separated
lamellae which differ from the normal substruc-
ture and organization caused abnormality in their
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permeability properties(Fig. 4). However, our pro-
longed occlusion (60 hours) shows that it increases
the number of lacunae locally and causes the foci to
expand laterally, until they become continuous,
forming broad clefts within the interstices of the
stratum corneum(Fig. 5). These horizontal clefts
split the lamellar membrane structures along elec-
tron-dense lamellae. Thus, the lacunar domains
represent the site of preferential permeability
within the stratum corneum intercellular spaces.
In addition, established lesions show abnormal
lamellar membrane structures (Fig. 5, arrows).
These morphologic observations are consistent
with the functional abnormality that occurs in
occlusion with a water-impermeable membrane in
normal epidermis.

Yet these examinations point to structural ab-
normalities in the interstices of the stratum
corneum. The junction of stratum corneum-stra-
tum granulosum and the lower stratum corneum
are also an important determinant of the barrier
abnormality. The localization of the critical defect to
the lower stratum corneum and stratum corneum-
stratum granulosum junction is supported by the
lanthanum tracer studies. Because the intact tight
junctions are impermeable and therefore exclude
lanthanum, their indentification indicates the
presence of an impermeable barrier. As shown in Fig.
6, the tracer percolating through these regions is
in occluded, but not in the control epidermis. A
similar situation occurs in essential fatty-acid defi-
ciency and lovastatin treated skin, in which ab-
normal lamellar body contents and incomplete se-
cretion result in membrane abnormalities that
correlated with enhanced tracer permeability
through these regions and defective barrier func-
tion".

The technique of infrared (IR) spectroscopy,
and most notably Fourier transform infrar-
ed(FTIR) spectroscopy, has been used extensively to
study the phase behavior of lipid membranes. In
general, it is believed that hydration increases the
rate of percutaneous absorption, though the exact
mechanism remains unclear. One reason suggested is
the decrease in alkyl chain orderness of the inter-
cellular lamellar lipid in stratum cornuem, which is
known to be the major penetration route for most
chemicals. This suggestion is based on the report that
the penetration of water is highly dependent on
the orderness of the lipid alkyl chain®. It seems
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that the results of Gay et al.”, which are obtained at
physiological temperatures using human skin, support
this suggestion. However, the results of current
work indicate that the reason for the increase in
percutaneous absorption rate after hydration is not by
the decrease in alkyl chain orderness, but by some
other mechanism. Moreover, according Mak et

.al?, Fourier transform infrared spectroscopy also

showed that hydration does not alter SC lipid orga-
nization, and that permeation enhancement with hy-
dration does not result from increased alkyl chain
disorders. Instead, they suggested that lipid phase sep-
aration occurs, creating interfacial defects thereby re-
ducing diffusional resistance.

Our observation in the lacunar system following
prolonged occlusion (Fig. 5) provides a structural
basis for these views, and explains the mechanism by
which superhydration enhances penetration. Fur-
thermore, our previous study in occlusion follow-
ing tape stripping demonstrated that after 48 hours of
occlusion, electron-dense material appeared in the
stratum corneum interstices”. This also appeared
in acetone-treated mouse skin plus latex occlusion for
24 hours", fluindostatin treated mouse skin'’, type 2
Gaucher neonate skin®, and psoriasis”. Our pre-
sent observation demonstrates that occlusion also
caused abnormal lipid membrane structures(Fig.
5). Thus we suggest that volume expansion of exist-
ing lacunar domains alone can account for the hy-
drated or “pore” pathway. Together with the disor-
ganization of the lipid membrane of SC, both
would provide a pathway for solute movement and
explain the elevated transepidermal water loss
characteristic of hydrated stratum corneum. Fur-
thermore, this morphologic change depends on
whether it reflects a large disordering of a small
subset of SC lipids, or a small disordering of a larger
subset. With that in mind, it is easy to conceive a
number of situations where significant disordering of
a small population of SC lipids might readily in-
crease epidermal permeability. However, it is obvious
that more work needs to be done to fully character-
ize the relationship between lipids and permeability
in the stratum corneum.

In summary, we have described the effects of oc-
clusion on the skin, TEWL increased and the tracer
penetrated more than the control. The characteris-
tics could be ascribed to both lipid bilayer struc-
ture alterations as well as clefts or lacunae formation
in the stratum corneum interstices. These factors
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therefore have a direct effect on epidermal perme-
ability.

10.

I1.

12.

13.

REFERENCES

. Schurer NS, Elias PM: The biochemistry and func-

tion of epidermal lipids. Adv Lipid Res 24:27-56,
1991.

. Downing DT: Lipid and protein structures in the

permeability barrier of mammalian epidermis. ]
Lipid Res 33:301-313, 1992.

. Lee SH, Chung H-S, Lew W: Epidermal lipid

homeostasis. Ann Dematol 7:99-111, 1995.

. Chung H-S, Lee SH: Differences in the recovery

rate after perturbation of epidermal barrier by

means of acetone treatment and tape-stripping
technique. Ann Dermatol 7:155-164, 1995.

. Grubauer G, Elias PM, Feingold KR: Transepider-

mal water loss : the signal for recovery of barrier
structure and function ] Lipid Res 30:323-333,
1989.

. Agner T, Serup J: Time course of occlusive effects

on skin evaluated by measurement of transepider-
mal water loss (TEWL). Contact Dermatitis 28:6-9,
1993.

. Mak VHW, Potts RO, Guy RH: Oleic acid concen-

tration and effect in human stratum corneum : Non
invasive determination by attenuated total re-
flectance infrared spectroscopy in vivo. ] Cont Rel,

12:67-75, 1990.

. Elias PM: Epidermal lipids, barrier function and

desquamation. ] Invest Dermatol 80:44-49, 1983.

. Feingold KR, Man M-QQ, Proksch E, Menon GK,

Brown BE, Elias PM: The lovastatin-treated rodent:
a new model of barrier disruption and epidermal
hyperplasia. ] Invest Dermatol 96:201-209, 1991.
Feingold KR: The regulation and role of epidermal
lipid synthesis. Adv Lipid Res 24:57-79, 1991.
Menon GK, Feingold KR, Moser AH, Brown BE,
Elias PM: De novo sterologenesis in the skin IL
Regulation by cutaneous barrier requirements. ]
Lipid Res 26:418-427, 1985.

Grubauer G, Feingold KR, Elias PM: Relationship
of epidermal lipogenesis to cutanous barrier func-
tion. J Lipid Res 28:746-752, 19817.

Ottey K, Wood LC, Elias PM, Feingold KR: Cuta-
neous permeability barrier disruption increases fatty

acid synthetic enzyme activity in the epidermis of
hairless mice. J Invest Dermatol 104:401-405, 1995.

14. Jackson SM, Wood LC, Laver S, Taylor JM, Coop-

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

125

er AD, Elias PM, Feingold KR: Effect of cutaneous
permeability barrier disruption on HMGCoA re-
ductase, LDL receptor and apoprotein E mRNA
levels in the epidermis of hairless mice. ] Lipid Res
33:1307-1314, 1992.

Holleran WM, Gao WN, Feingold KR, Elias PM:
Localization of epidermal sphingolipid synthesis
and serine palmitoyl transferase activity. Arch Der-
matol Res 287:254-258, 1995.

Denda M, Wood LC, Emami S, Calhoun C, Brown
BE, Elias PM, Feingold KR: The epidermal hyper-
plasia associated with repeated barrier disruption by
acetone treatment of tape stripping cannot be at-
tributed to increased water loss. Arch Dermatol Res
288:230-238, 1996.

Fry L, Almeydo ], McMinn RMH: Effect of plastic
occlusive dressings on psoriatic epidermis. Br ] Der-
matol §2:458-462, 1970.

Menon GK, Feingold KR, Elias PM: Lamellar body
secretory response to barrier disruption. ] Invest
Dermatol 98:279-289, 1992.

Menon GK, Feingold KR, Man M-QQ, Schaude M,
Elias PM: Structural basis for the barrier abnormali-
ty following inhibition of HMG CoA reductase in
murine epidermis. ] Invest Dermatol 98:209-229,
1992.

Potts RO, Francoeur ML: The lipid biophysics of
water loss through the skin. Proc Natl Acad Sci,
USA 87:3871-3873, 1990.

Gay CL, Guy RH, Golden GM, Mak VHW, Fran-
coeur ML: Characterization of low-temperature
(i.e., < 650C) lipid transitions in human stratum
comeum. ] Invest Dermatol 103:233-239, 1994.
Mak WHW, Potts RO, Guy RH: Does hydration ef-
fect intercellular lipid organization in the stratum
corneum?. Pharm Res, 8:1064-1065, 1991.

Jiang S-J, Koo S-W, Lee SH: The morphologic
changes of the secretory lamellar body lipids after
tape stripping and occlusion with the vapor-imper-
meable membrane. ] Invest Dermatol 106:918,
1996.

Holleran WM, Sidransky E, Menon GK, Fartasch
M, Grundmann ]-U, Ginns El, Elias PM: Conse-
quences of B-glucocerebrosidase deficiency in epi-
dermis : ultrastructure and permeability barrier al-
terations in Gaucher disease. ] Clin Invest 93:1756-
1764, 1994.

Ghadially R, Reed ]JT, Elias PM: Stratum corneum
structure and function correlates with phenotype in
psoriasis. ] Invest Dermatol 107:558-564, 1996.



	1: 


