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The epidermis is a dynamic system of continuous proliferation and differentiation. It
mainly consists of keratinocytes, melanocytes and immune-competent cells. The
stratum corneum, the uppermost layer of the epidermis is of major significance for the
barrier function of the skin. The barrier is formed of keratinized skin cells (corneo-
cytes) which are embedded into a matrix of multiple lamellar lipid layers.

have two major functions: to protect the

skin from external impacts and to main-
tain its hydration and the osmotic balance of
the internal tissues. The barrier function of the
skin substantially depends on the structural
organization of the extracellular lipid matrix of
the stratum corneum. Barrier disorders may
result in skin diseases such as atopic dermati-
tis, psoriasis, dry and sensitive skin but also
premature skin aging. In order to influence the
skin metabolism the skin care preparations
need to permeate the skin barrier. One of the
approaches in the development of derma-
tological cosmetic preparations consists of
manipulating the lipid layers through penetra-
tion modulators in order to improve the perme-
ability of the barrier layers for hydrophilic sub-
stances. After the active agents have reached
the deeper skin layers, the protective function
of the barrier needs to be restored with the
help of adequate topical preparations.

Structure and metabolism of the epidermis

Stratum corneum

The function of the skin barrier is determined
by the molecular architecture of the lipid layers
in the extracellular space. In chemical respect,
the barrier consists of a combination of cera-
mides, long-chained, saturated fatty acids and
cholesterol in a molecular ratio of about 1:1:1
[1]. Cholesteryl sulfate and oleate may occur in
minor concentrations. These lipids originate
from intracellular organelles of the stratum
granulosum, the lamellar bodies. The cera-
mides are formed from sphingolipids (glycosy!
ceramides) in an enzymatic process. An ade-
quate hydration is of major significance for a
well-balanced lipid metabolism, and an acidic
pH-value is significant for the enzyme activity.
A particular role in the barrier function is at-
tributed to the ceramides that only occur in
high concentration in the stratum corneum.
The molecular configuration of the lipids has
been illustrated in different models which how-
ever failed to explain all the various functions

of the skin barrier. A popular didactic model
shows the barrier layer as a brick wall with the
corneocytes as bricks and the lipid layers as
cement [2].

Electron microscopy studies could prove that
the lipids form lamellar bilayers in a "wide-nar-
row-wide"-sequence with the fluid phase (nar-
row) surrounded by orderly arranged lipid
structures [3-9]. According to this particular
model, the permeation of substances through
the stratum corneum is supposed to occur in
the fluid phase. Based on this data, theoretical
models on the configuration of the extracellular
lipid matrix have been developed. The
Bouwstra model shows the narrow band as
interconnected long linoleic acid chains of ce-
ramide 1 (ceramide [EOS]), folded short-
chained ceramides and cholesterol, whereas
both the wide bands are formed by folded long-
chained ceramides and cholesterol. The long
fatty acid chains of ceramide 1 span through
several lipid layers, hence they are the essen-
tial structuring component. In this context, both
the double bonds in the acyl side chain of ce-
ramide 1 seem to be of particular significance.
The substitution of linoleic acid by oleic acid
causes considerable disorders in the structure
and the barrier function of the stratum
corneum.
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Fig. 1:
2.260 x magnification of the skin barrier.

Fig. 2:
9.500 x magnification of the lipid bilayer of the skin barrier.

The innovative Norlén model of the stratum
corneum

Norlén has studied the molecular configuration
of the stratum corneum lipids employing the
innovative cryo electron microscopy. This spe-
cific technology utilizes the different electron
densities in biological material and thus in-
duced interference effects for the display of
membrane structures. It could be shown that
the human skin barrier is characterized by
asymmetric lipid bilayers. In comparison with
model membranes, a bilayer structure has
been suggested that consists of stretched ce-
ramides complexed with free fatty acids on the
amide bound acyl chains, and of cholesterols
on the sphingosine sequence of the ceramides
[10].

Due to energetic reasons, this lipid structure of
the skin barrier forms a lamellar bilayer. The
configuration of lipids originates from bio-
chemical processes in aqueous conditions.
Lipids are secreted from lamellar bodies in the
extracellular space and through deglycosyla-
tion and hydration of glycosyl ceramides, the
lipid matrix of the skin barrier is formed [11-13].
Through hydration, the conformation of cera-
mides modifies from a folded into the stretched
form. The elimination of the sugar residue sup-
ports this structural modification. While glyco-
syl ceramides which bind the 5-10 water mole-
cules per lipid molecule only slowly modify
their conformation, the flip-flop-movement of
ceramides that only bind 0-1 water molecule is
considerably faster [14].

Due to this specific configuration of the lipids,
an optimally packed bilayer structure is formed.
The physiological consequence is a lipid matrix
that is nearly impermeable for water. In addi-
tion, this protective layer is insensitive to po-
tential dehydration and excess hydration as
there is no exchangeable water between the
lipid layers.

The structure of the lipid matrix allows the cor-
neocytes to shift within the barrier layer which
explains the elasticity of the stratum corneum.
Between the different lipid layers there only are
hydrocarbon chains that allow a horizontal
shifting of the layers against each other which
contributes to its elasticity. Due to this unique
structure, the thin flexible membrane is rather
resilient and impermeable. This new barrier
model explains the insensitivity of the skin to
hydration and dehydration, to environmental
impacts, compression and shear forces.

The recent insights into the ultrastructure of the
skin barrier allow for innovative treatment
strategies for skin diseases and a more need-
oriented development of preparations for the
skin protection and the repair of barrier disor-
ders but also of transdermal systems for the
active agent transport through the skin [10].
Three different functions of the barrier/active
agent system have to be considered in der-
matology and cosmetology:

e Active agents that are effective on the skin
surface only as e.g. disinfectants, insect
repellents but also decorative cosmetics
(epidermal formulations)

e Topical formulations developed in a way
that they penetrate the skin and take effect
in the deeper layers of the skin (endoder-
mal or diadermal formulations)
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e Medical drugs and active agents with sys-
temic effects which means that they enter
the organism (transdermal formulations).

The target location of a formulation depends
on the condition of the barrier layer, on the
active agent characteristics (hydrophilic, lipo-
philic, molecular mass, charge, protein bond)
and on the galenics (vehicle function of lipo-
somes and nanoparticles).

Fig. 3:
The innovative Norlén model of the lipid bilayer of the
stratum corneum [10].

Corneotherapy

The corneotherapy is an innovative concept to
modulate the barrier function in order to allow
an individual treatment of skin problems and to
provide effective care for a healthy skin. The
term corneotherapy was originally coined by
Professor Albert Kligman [15]. Corneotherapy
aims at restoring the stratum corneum and
improves the function of the skin barrier and
the homeostasis of the entire skin. In the case
of barrier disorders, harmful substances and
microorganisms can reach the deeper layers of
the skin where they can trigger inflammations
and immunological reactions. In addition, the
transepidermal water loss (TEWL) will increase
with the result that the skin will dehydrate.
Kligman designated the outside-in therapy with
the repair and recovery of the stratum corneum
through appropriate topical formulations as the
primary objective for a dermatological treat-
ment. Subsequently, inflammatory processes
in the deeper skin layers are treated with ade-
quate active agents. Contrary to this concept,
he depicts the conventional method of applying
topical pharmacological active agents in order
to treat inflammations in the deeper skin layers
without influencing the barrier as inside-out-
therapy. Based on the fact that barrier disor-
ders are neglected in this case, relapses will
develop. Clinical studies on corneotherapy
proved that besides barrier disorders such as
atopic dermatitis, also cornification disorders

and dermatoses respond to this specific
therapy.

Dermato-cosmetic preparations for corneo-
therapeutic applications

Corneotherapy uses preparations with mem-
brane structures that are chemically and physi-
cally adapted to the condition in the stratum
corneum. In this context, the presence of
phosphatidylcholine seems to be a major pre-
requisite. The substance plays a decisive role
as a natural component of cell membranes. In
addition, in its native form it supplies linoleic
acid for the formation of ceramide-1. The flu-
idity of the skin barrier can temporarily be in-
tensified by phosphatidylcholine on the one
hand. This specific feature is comparable to
the penetration enhancement process achie-
ved by liposomally encapsulated active agents.
On the other hand, the fluidity of the barrier
layers can be reduced by hydrogenated phos-
phatidylcholine. Hence, phosphatidylcholine
can be utilized to either adjust the skin barrier
to fluidity or impermeability, a very significant
feature for the practical transport of active
agents on the one side and for a natural skin
protection on the other side. In its hydro-
genated form, phosphatidylcholine is used in
membrane creams whereas its native form is
utilized in liposomes and nanoparticles [16].

Phosphatidylcholine

The question arises now how these specific
features of phosphatidylcholine can be catego-
rized into the new skin barrier model men-
tioned above. If the unsaturated fatty acid
chains of native phosphatidylcholine are hy-
drogenated, a molecule forms that is compara-
ble to folded ceramides. It is assumed that in
the case of barrier disorders, hydrogenated
phosphatidylcholine is integrated instead of the
missing ceramides and hence repairs and
reinforces the barrier. For steric reasons, a
very dense packing of the lipid layer consisting
of hydrogenated phosphatidylcholine, choles-
terol and long-chained saturated fatty acids is
achieved. Through hydrogenation the phase
transition temperature of native phosphatidyl-
choline is raised from below 0°C to skin tem-
perature. The ordered gel phase (P;) widens
and the packing density is increased. The bar-
rier is stabilized and barrier damages are re-
paired.

As opposed to this, the native phosphatidyl-
choline molecule features kinks in the unsatu-
rated fatty acid residues which increase the
volume of the molecule. Consequently, only
low packing density is achievable which
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causes an increased fluidity and a more per-
meable membrane. The phase transition tem-
perature of native phosphatidylcholine is below
0°C. The phase below the main transition tem-
perature is called an ordered, crystalline phase
or gel phase (P;) while the state above T, is
described as fluid, liquid crystalline or disor-
dered phase (L,). This main transition, also
called endothermic phase transition, leads to a
structural modification of the lipid molecules,
the so-called "fusion” of chains. The T, value
is determined by the head group, the length
and the degree of saturation of the hydrocar-
bon chains [17]. While the ordered phase P; is
densely packed (all-trans-conformation of the
hydrocarbon chains), the liquid crystalline
phase L, corresponds to an irregular packing
(gauche-conformation) [18]. The following
characteristics can be observed during the
phase transition of an ordered gel to the fluid
phase [19]:

Surface extension

Shortening of hydrocarbon chains
Extension of the lipid bilayer

Rapid lateral diffusion

Reduction of Van der Waals interac-
tions

a0~

With the increase of either chain length or
saturation, also the phase transition tempera-
ture (T,,) rises. At body temperature, the native
phosphatidylcholine occurs in an amorphous
liquid-crystalline phase. The barrier layer is
loosened and hence becomes more permeable
for liposomally encapsulated active agents.
The physical characteristics of native phos-
phatidylcholine facilitate the formation of
spherical structures such as liposomes or
nanodispersions while hydrogenated phos-
phatidylcholine rather forms lamellar structures
due to thermodynamic reasons. Or, in other
words, membrane creams (hydrogenated PC)
stabilize and repair the barrier while liposomes
and nanodispersions (native PC) loosen the
barrier and make it more permeable.

Fig. 4a:
Hydrogenated phosphatidylcholine forms lamellar struc-
tures similar to the skin barrier.

Fig. 4b:

Native phosphatidylcholine (unsaturated) forms spherical
structures such as liposomes and nanodispersions. Phos-
phatidylcholine can be used to adjust the skin barrier to
penetrability or impermeability.

Cholesterol

Due to the amphiphilic character and the rigid
condensed basic structure, cholesterol shows
different features such as stabilization and
fluidization of lipid bilayers [20-23]. In choles-
terol-containing phospholipid bilayers the vis-
cosity is reduced. The rise of fluidity involves
an increased surface tension. Since this struc-
ture is energy inefficient because of the
increased surface tension, cholesterol-con-
taining phospholipid layers rather form lamellar
membrane structures than spherical lipo-
somes.

Free fatty acids

Free fatty acids are of major significance for
the integrity of the lipid bilayers and for the
normal barrier function. According to the stu-
dies of Norlén, free fatty acids attach to the
amide-bound acyl chains of the stretched ce-
ramides and thus form a functional unity with
cholesterol.

These unique features of the skin barrier re-
sulted in the development of skin care prepa-
rations for the treatment and prevention of skin
damages. Based on the corneotherapy con-
cept established by Professor Kligman, phos-
phatidylcholine-containing membrane creams
and liposomally and nanoparticularly encap-
sulated active agents have been developed in
order to specifically influence the skin barrier
and adjust it to a permeable or non-permeable
state according to the required treatment con-
cept.
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Figures

Fig. 1: 2.260 x magnification of the skin
barrier.

Fig. 2: 9.500 x magnification of the lipid
bilayer of the skin barrier.

Fig. 3: The innovative Norlén model of the
lipid bilayer of the stratum corneum [10].
Fig. 4a: Hydrogenated phosphatidylcholine
forms lamellar structures similar to the skin
barrier.

Fig. 4b: Native phosphatidylcholine
(unsaturated) forms spherical structures
such as liposomes and nanodispersions.
Phosphatidylcholine can be used to adjust
the skin barrier to penetrability or imper-
meability.
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