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Lipn.-.um-ﬁh or liposomal
aggregation may have
plaved a role in the formation
of the first cell membrane on
Earth. Immediately after
the discovery of liposomes
by Bangham,? there was in-
fense meseamh in the p]'ufu-
|11;ch=ui:'i¢u.| Lﬂl’]ustr} Con-
cemning their parenteral appli-
cetion, but without a decisive
breakthrough. It was only with
the suecess of the first liposomal
cosmetie called “Capture that it
hecame evident that the possihilities
for the application of artificial ves-
icles conld be achieved in practice in
the market place.

Interestingly, the boom in new liposomal cos-
metic preparations that followed and continnes un-
abated today has of itself ekindled the develop-
ment of liposomal dermatologicals and liposomally
packaged pharmaceuticals, Naturally such de-
velopments take longer in the pharmaceutical field.

We may assume that topical applications will be
of great importance in the immediate future. It
therefore is appropriate not to consider cosmetic
and dermatological preparations separately. This is
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particularly true because the
larger companies in the cos-
metics industey, which do
their ooen ﬂ!RI:!:.'I.I.'\C]'I.. tend ever

more freguently to adopt

pharmaceutical standards.
Furthermore, the boundaries
between cosmetics and
dermatalogy are very tluid,
particularly in the field of lipo-
zomal formulations.

Mambrane-Forming
Amphiphiles

Liposomes are defined as spherical
vesicles, the membranes of which
consist of a bilayver of amphiphilic
malecules. The lipophilic tails orient
to the middle of the hilayer. The polar heads are
directed to the inside of the vesicle and to its outer
surface (Figure 1)

Most cosmetic and pharmaceutical liposomes are
composed of various phospholipids of natural,
sernisvnthetic and synthetic origing, with the major
component usually being phosphatidvlcholine
(Figure 2). Minor components can include phos-
phatidylethanolamine, phosphatidylinositol and
phosphatidic acid. A distinetion iz made between
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unsaturated, partially hydrogenated and hydro-
genated phospholipids according to the composi-
tion of the ity acids, There are reviews of phos-
pholipids and liposomes by H. P. Fiedler in the
most recent edition of the Lexikon der Hilfzstoffe
fter Pharmagzie, Kosmetik und angrenzende Geblete®
and in references 3, 4 and 5.

Miosomes are, from a chemical point of view, spe-
cial cases of lippsomes. The main components of
nipsomes are ethoxylated fatty alecohols and syn-
thetic, linear or branched chain polyglveer] ethers
(Figure 3}, with n being & number between 1 and 6
gnd B being a lincar or branched-chain saturated
hydrocarbon residue such as hexadecyl.

These polyglveerol ethers are members of the
group of nonionic tensides {niotensides). They are
wsually formulated with cholesterol {frequently in
the ratio 1:1 (w'w) and with dicetyl phosphate, and
contain other formulation components for the prep-
aration of niosomes 57

Sphingolipids are derived from the chemical
sphingosine. In the form of their natural derivatives,
ceramide (Figure 4), the cerebrosides and the
sphingomyelins, they can also form vesicles
{"sphingosomes” ). These usually are present in the
form of mixtures, and have differing compositions
depending on their sources,

Other bilayer-forming amphiphiles include di-
alkyl phosphates and N, N-dimethyl-N,N-dialkyl-
ammonium salts.® The dicarboxylic acid diesters of
sucrose? constitube an interesting group of sub-
stances. Depending on the chain length of the
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Figure 5. Sucrose faity acid diesters

esterified carboxylic acids, they form vesicles with
mean particle sizes of 200 to 1080 nm (Figure 5,
after Y. Ishigami and H, Machida, 1989).

In general the different chemical components of
lipnsomes can be divided into these groups:

» Phospholipids

» Non-phospholipids

« Pulyurerisales®

« Mixtures of different raw materials

« Matural raw materials

« Semisvnthetic raw materials

« Synthetic raw materials

+ Positivaly-charged starting compounds (amines,
quaternary compounds)

« Negativelv-charged starting compounds [diallyl
phosphates, carboxylic acids eto )

» Neutral starting compounds (hetaines, nisten-
zsides, diglvcerides, ceramides)

All membrane-forming amphiphiles possess a
very low critical micelle concentration {cme) of ca.
¥ mol/l and less. For example, the eme of di-
palmitovlphosphatidyleholine is 4.6 x 10" molT;®
compared with ca. 10F maol/]l for normal surfactants.
The low critical micelle concentrations of these
substances are probably an important reason for the
kindliness of these substances to skin, hecanse the
ageressivity of a surface-active substance generally
is related to the concentration of free molecules.

When present in membmnes these molecules
usually take on the shape of slightly tapered trun-
cated cones or cvlinders (Figure 6, after Israel-
achvili et al., 1980). Amphiphiles that deviate from
this shape require higher quantities of stahilizers,
such as cholesterol.

The names given to commercial liposomal prod-
ucts are often very imaginative. There are Brook-
osomes, Dermosomes, Glyeosomes, Lipecatin,
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Figura &, Arrangement of liposome components in
the vesicle (Israelachvili et al., 1980)

Lipodermin, Liposome Concentrate E-10,
Muatipides, Niosomes, Sphingosomes, Super-Lipo-
dermin, ete. The concentrations and mgredients
differ very greatly in measurable parameters such
as:

« Ratio of the encapsulated volume to the total val-
wme {VIV in )

» Number of the dispersed vesicles per volume wit
(V)

« Ratin of the weight of a liposomal dispersion used
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o the Final formulation Daw in 960
. Ratio of the liposomal raw material to the formu-
lation {whw in %)

Liposomes are offered with or without preserva-
tives, loaded or unloaded, with or without stabiliz=-
ers, in the form of agueous dispersions or as pows-
ders for dispersion in water.

From the point of view of availahility, standardi-
zation and available literature data, phospholipids
take first place among the liposome raw materials
andl are followed by niosome raw materials.

General Aspects of Liposomal Formulation

Liposomes can be classified as unilamellar (sin-
gle-shelled) oligolamellar {several-shelled|, or multi-
lamellar imany-shelled), and homogeneous (with a
narrow size distribution) or inhomogeneous {(with a
wide zize distribution) liposomes, with diameters
ranging from 15 to 3500 nm. The usual manufac-
turing processes depend on the application of
high-energy homogenizers and are divided in two

important steps;

1) Hydration of the liposomal raw material and
formation of inhomogeneous vesicles, and
2) Making the vesicles uniform,

Im & manner similar to biological cells, liposomes
can store water soluble substances in their interiors
and lipophilic and amphiphilic substances in their
membrancs (loaded liposomes), The following pa-
rameters of liposomes have to be taken into consid-
eration when formulating topical applications:

« Chemical composition,

Mean vesicle size,

Lamellarity,

Shape (spheres, aggregates, propellers),

Surface charge,

Phase transition temperature,

Critical micelle concentration,

Flace of entrapment {inside the vesicles, in the

membrane, on the outer surface of the vesicles),

« Species of entrapped agents (hydrophile, amphi-
phile, lipophile),

. Capacity of storage, and

« Homogeneity,

In the preparation of final products, further vari-
ables and unknowns must be considered:

Chemical composition,

Physical properties,

Chemical and physical stability,
Compatibility with other ingredients,
Penctration of the liposomes or their components
into or through the skin,

« Demonstration of efficacy,

+ Pharmaceutical or cosmetic effect,

+ Tolemnce,

« Comparisons with classical formulations, and
¢ Advertising slogans.
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teractions: ionic intersctions, hydrogen bonds, polar
interactions, charge-transfer interactions, and Van
dler Waals foroes,

The same interactions come into play when
phospholipids—and this applies especially to lipo-
somes—are applied to the skin in the form of
dermatologicals or cosmetics, They readily form
associations with the proteins, carbohydrates and
lipids to be found at the surface of the skin and in
the skin. This explains the three phase potential
effect of the phospholipids (Figare 8).

I the first p]iu:ll:, Bl p]'uu,mp]'u_:[:ipi.d: are houndd
Eup-e:rﬁr.::llllt}-' b the keratin of the |'|.-|:.|rn:|." layer {ct.
interactions with membrane proteins).™ This pro-
cess is responsible for the spontaneous feeling of
the skin being coated after the application. This film
lipophilizes the surface of the skin.

The film cannot be removed with water, and only
slowly with detergents. As a result of its slightly
seclusive effect, the film reduces transepidermal
water loss and so amplifies the barrier function of
the skin, which is of particular advantage for drv
ikin,1* This strong affinity to keratin, however, re-
sults in the destruction of some of the liposomes.

The same thing probably oceurs at the lipid hi-
layers of the homy laver. These complex lavers are
formed as an “intercellular cement”™ by the kera-
Hnosomes 5 They carry out an imporant barrier
function and exert a disproportionate effect on
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