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Abstract

Recently we have proved that Span 20 has the same enhancer effect as Azone on in vitro percutaneous penetration
of lipophilic compounds (log Poct from 1.34 to 2.33). The purpose of this work is to study the interactions of Span
20 with stratum corneum lipids monolayers and to compare them with Azone. The surface pressure–area character-
istics of Span 20 in mixed monolayers with different model lipids (ceramides, cholesterol, free fatty acids and two
mixtures of ceramides+cholesterol, and ceramides+cholesterol+ free fatty acids) in similar proportions to that
which exists in human stratum corneum lipids were recorded as compression isotherms at 25°C. Azone was also
investigated on monomolecular films of some of these lipids. The results indicate that the effect exerted upon lipid
packing by the Span 20 correspond, as in the case of Azone, to increased fluidity within monolayers. To quantify and
compare the effect of Span 20 and Azone, the compressibility of enhancer–lipid model mixed monolayers was
calculated, and expressed as a function of mole fraction of enhancer present on the films. Statistical comparison of
the results obtained from both enhancers shows that they are equally potent in their interaction with the lipid models
assayed. These models, if restricted, seem to be good for predict the activity and potency of percutaneous enhancers
on the fluididity of the lipidic structure of the stratum corneum. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

The lipids found in the multilamellar lipid ma-
trix of the stratum corneum act as the vital barrier
in mammalian bodies (Elias, 1983; Menon et al.,

1992). Because the skin provides an excellent bar-
rier against the absorption of drugs, penetration
enhancers can be used in order to improve both
local topical therapy and transdermal delivery.
The mechanism by which these enhancers operate
is not fully understood but has usually been inter-
preted as an increase in fluidity, i.e. acyl chain
disorder, which facilitates diffusion of molecules
through the hydrocarbon region of the lipid bilay-
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0378-5173/00/$ - see front matter © 2000 Elsevier Science B.V. All rights reserved.

PII: S0 378 -5173 (00 )00463 -4
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ers in the intercorneocyte space (Knutson et al.,
1985; Barry, 1987; Golden et al., 1987; Walters,
1989).

Nonionic surfactants are widely used in topical
formulations. They can, however, have an effect
on the permeability characteristics of several bio-
logical membranes, including the skin (Florence et
al., 1984; French et al., 1993). We previously
studied the effect of Span 20 (sorbitan monolau-
rate) on in vitro percutaneous absorption of com-
pounds with different lipophilicities and
compared it with a well known penetration en-
hancer, Azone (Llinares et al., 1998; López et al.,
2000). Our results indicated that for the com-
pounds with lipophilicity values ranging from
log Poct 1.34 to 2.33, Span 20 has the same effi-
cacy as Azone as an enhancer. The effect of
Azone on the fluidity of the lipid fraction of the
stratum corneum has been thoroughly studied
(Barry, 1987; Lewis and Hadgraft, 1990; Schück-
ler and Lee, 1991; Engblom, 1996; Harrison et al.,
1996; Engblom et al., 1998) but there is little
information on the lipophilic surfactant Span 20.
Since the effects of Azone are considered to be
partially due to its C12 alkyl chain, which gives it
the capacity to insert among the acyl chain of
lipids in the bilayers of the intercorneocyte space,
and Span 20 has also a C12 alkyl chain (Fig. 1),
we decided to ascertain whether both lipophilic
compounds, Span 20 and Azone, interact in a
similar way with intercellular stratum corneum

lipids, and if so, to compare the magnitude of
their respective effects.

To test this hypothesis we analysed the interac-
tions of Span 20 with different models of stratum
corneum lipids using mixed monolayers spread on
an aqueous subphase in a Langmuir trough and
compared the results with those obtained using
Azone. Langmuir technique is generally recog-
nised to be a suitable method for preparing mono-
layers of amphiphilic molecules (Lödgren and
Pascher, 1977). Given the relative inaccessibility
of the stratum corneum lipids to a direct experi-
ment, the Langmuir technique offers a way to
examine the interaction between percutaneous en-
hancers and the lipids of the stratum corneum
(Lewis and Hadgraft, 1990; Schückler and Lee,
1991). Although lipid content and composition
change gradually as a function of depth in the
stratum corneum (Bonte et al., 1997; Wertz and
van den Bergh, 1998) it is well known that the
intercellular lipids that form lamellar bilayers con-
sist mainly of ceramides, cholesterol and free fatty
acids (Wertz and Dowing, 1989; Schürer and
Elias, 1991; Wertz and van den Bergh, 1998). By
varying the composition of the monolayers the
role of each lipid class can be examined in detail.
In our study, we used the major components of
the stratum corneum lipids that are capable of
forming monolayers, i.e. ceramides, cholesterol
and free fatty acids. Several models of stratum
corneum lipids were used: two of them were pre-

Fig. 1. Molecular structures of Span 20 (A) and Azone (B).
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pared with pure lipids (ceramides or cholesterol)
and the others were mixtures of lipids (free fatty
acids, ceramides+cholesterol and ceramides+
cholesterol+ free fatty acids). The relative pro-
portions of the components were calculated to
imitate those existing in the human stratum
corneum (Elias, 1990). Azone was also investi-
gated in some of these lipids for comparative
purposes.

The results obtained permits us to propose that
the correlation between the mole fraction of en-
hancer incorporated into the monolayer and the
compressibility values of the corresponding
monomolecular film may reflect the efficacy of a
molecule as a percutaneous enhancer.

2. Materials and methods

2.1. Materials

All of the lipids used in this study, i.e. ce-
ramides (Sigma type III), cholesterol, and free
fatty acids (oleic, palmitic and linoleic acids), were
used as received from Sigma Chemical, Co.
(Madrid, Spain) with a stated purity of \99%.

Span 20 was also purchased from Sigma Chem-
ical Co. (Madrid, Spain) and had a stated purity
of \99%. Azone was a gift from Whitby Re-
search (USA). Both were used as received.

Chloroform (HPLC grade) was used to prepare
the monolayers. The sub-phase consisted of dou-
ble distilled water from an all glass apparatus,
further purified by a Milli-Q Plus water de-ionis-
ing system (Millipore) that delivers a product with
a resistivity of 18.2 MV cm.

2.2. Monolayer studies

Lipid solutions were prepared in chloroform, to
a concentration of 1.4 mM. Solutions containing
lipids and either Span 20 or Azone, were prepared
with gradually increasing mole fractions of en-
hancer from 0 to 1. Surface pressure (P) vs.
molecular area (A) compression isotherms were
recorded at 25 (90.5)°C using a 48×21 cm
teflon Langmuir trough fitted with a motorised
compression barrier (2011 Nima Technology,

Coventry, UK) equipped with a pressure sensor
and filter paper Wilhelmy plate capable of an
accuracy of measurement of 0.1 mN/m. Cleanli-
ness was scrupulously observed to avoid contami-
nation of the monomolecular film. To prepare
monolayers, 100 ml of chloroform solutions was
spread and the solvent was allowed to evaporate
for 10 min before beginning compression at a rate
of 50 cm2/min.

For each combination of enhancer–lipid mono-
layer, three sets of isotherms were obtained, and
plots of P vs. A were drawn using a PC com-
puter. The steeply sloping linear section of each
isotherm was extrapolated back to zero surface
pressure to determine the area per molecule, A
(A, 2), of each monolayer. The slope of this linear
extrapolation was used to calculate the compress-
ibility, C (m/mN), of the monolayer (Gaines,
1966; Hann, 1990).

3. Results and discussion

As the monolayer is compressed on the water
surface, it undergoes several phase transforma-
tions. These are almost analogous to the three-di-
mensional states or phases of matter: gases,
liquids and solids. The phase changes may be
readily identified by monitoring P as a function
of A occupied by the film as gaseous (G), liquid
expanded (LE), liquid condensed (LC) and solid
(S).

At first, Span 20 like Azone showed a mono-
layer of the LE type (Figs. 2–6). Moreover, they
presented a very similar compressibility values
(Span 20: C=0.019 m/mN, and Azone: C=0.018
m/mN, Table 1). The area occupied per molecule
was higher for Azone (Span 20: A=56.68 A, 2, and
Azone: A=69.70 A, 2, Table 1).

Since ceramides make up a large portion of the
lipids of the stratum corneum (Elias, 1990), the
first model assayed to investigate interactions with
Span 20 was based on this kind of lipid. However,
ceramides display a wide structural variation
within the human stratum corneum and most of
the varieties are not commercially available. In
our study, a commerciallised mixture of ceramides
(Sigma type III) produced enzymatically from
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Fig. 2. P–A diagrams for ceramide film (a) and mixed ce-
ramide films in the presence of increasing mole fractions of
Span 20. Mole fraction ceramide:Span 20; (a) 0, (b) 0.2, (c)
0.4, (d) 0.6, (e) 0.8, (f) 1.

Fig. 4. P–A diagrams for fatty acids mixture (a) and mixed
fatty acids films in the presence of increasing mole fractions of
Span 20. Mole fraction fatty acids:Span 20; (a) 0, (b) 0.2, (c)
0.4, (d) 0.6, (e) 0.8, (f) 1.

Fig. 5. P–A diagrams for mixed ceramides+cholesterol film
(a) and mixed ceramides-cholesterol films in the presence of
increasing mole fractions of Span 20. Mole fraction ce-
ramides+cholesterol:Span 20; (a) 0, (b) 0.2, (c) 0.4, (d) 0.6, (e)
0.8, (f) 1.

Fig. 3. P–A diagrams for cholesterol film (a) and mixed
cholesterol films in the presence of increasing mole fractions of
Span 20. Mole fraction cholesterol:Span 20; (a) 0, (b) 0.2, (c)
0.4, (d) 0.6, (e) 0.8, (f) 1.
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Fig. 6. P–A diagrams for mixed ceramides+cholesterol+
fatty acids film (a) and mixed ceramides+cholesterol+ fatty
acids films in the presence of increasing mole fractions of Span
20. Mole fraction ceramides+cholesterol+ fatty acids:Span
20; (a) 0, (b) 0.2, (c) 0.4, (d) 0.6, (e) 0.8, (f) 1.

relation between the mole fraction of enhancer in
the film and the respective compressibility value,
r\0.985.

Cholesterol also forms a considerable proportion
of the lipids of the stratum corneum. For this
reason mixed monolayers of Span 20 with choles-
terol as the lipid model II were prepared. Fig. 3
shows P vs. A isotherms of cholesterol film and
mixed Span 20-cholesterol films for mole fractions
of Span 20 from 0 to 1. The behaviour of choles-
terol monolayers has been studied a great deal (Ries
et al., 1976). This lipid forms a highly condensed
monolayer at the air–water interface, in the form
of a typical solid film, with an area per molecule
of 34.59 A, 2 and a compressibility (C=0.0021
m/mN) that is even lower that of the pure ceramide
film (Table 1). These values are consistent with
those cited in the literature (Lance et al., 1996). The
addition of increasing proportions of Span 20
modified the isotherms, which became more and
more similar in shape to the isotherm of the
enhancer; i.e. Span 20 produced a transition from
S behaviour to LE. While increasing the mole
fraction of Span 20 in mixed cholesterol monolay-
ers produced small changes in the area occupied per
molecule (from 34.59 to 39.23 A, 2, Table 1) the
compressibility of the film increased substantially
and there was also a good linear correlation be-
tween the mole fraction of Span 20 and the com-
pressibility values of the mixed monolayers,
r\0.985.

The other major components of stratum
corneum lipids are the free fatty acids. Aside from
the small amount of cholesterol sulphate fatty acids
are the only ionisable lipids in the stratum corneum
and this may be important for the formation of
lamellae. A decrease in the unsaturated/saturated
chain ratio of free fatty acids with depth has been
recently described (Bonte et al., 1997; Wertz and
van den Bergh, 1998). In our study a mixture of
three free fatty acids (oleic, palmitic and linoleic
acids) were investigated, as lipid model III, in
proportions of 47:38:15 (Elias, 1990).

The combined free fatty acids produced a LE film
with high compressibility because of the presence
of unsaturated acids in the mixture (Gaines, 1966).
The area occupied per molecule in this film was
29.72 A, 2. The incorporation of Span 20 into fatty
acids monolayers did not produce a substantial

bovine brain sphingomyelin (model I) was selected
because it has been used with good results by others
authors (Schückler and Lee, 1991; Parrot and
Turner, 1993; ten Grotenhuis et al., 1996). The
ceramide molecule contains primarily stearic (18:0)
and nervonic (24:1) amide link fatty acids. Its head
group is a sphingosine group, similar to that of
ceramide 2 present in large quantities in stratum
corneum. Fig. 2 shows P vs. A isotherms of pure
ceramide film and mixed Span 20-ceramide films in
which the mole fraction of Span 20 increased from
0 to 1. Pure ceramide showed a typical LC film, with
an area per molecule of 29.32 A, 2 and low compress-
ibility (C=0.0056 m/mN, Table 1). When Span 20
was incorporated into the ceramide monolayer it
had a profound effect on the shape of the isotherm
that resulted in a concentration-dependent transi-
tion from LC behaviour to LE. As it can be
observed in Table 1, there was a substantial in-
crease in area per molecule, from 29.32 to 49.57 A, 2.
These changes in the shape and position of the
isotherms were accompanied by changes in the
compressibility of the monolayers containing the
enhancer, which can be expressed by a linear



A. López-Castellano et al. / International Journal of Pharmaceutics 203 (2000) 245–253250

change in the shape of the isotherms; all of the
mixed monolayers were also LE films (Fig. 4). In
fact, as can be observed in Table 1, the compresi-
bility values were practically the same regardless
of the proportion of Span 20 present in the film.
However, there was an increment in the area
occupied per molecule as the mole fraction of
Span 20 increased (Table 1).

Although the information obtained with lipid
models made up of only one kind of components
is useful, several studies have been examined the
utility of lipid models composed of a mixture of
lipids more similar to the lipid composition of the

stratum corneum (Schückler and Lee, 1991; ten
Grotenhuis et al., 1996). X-ray diffraction studies
on the phase behaviour of intact human, mouse
and pig stratum corneum revealed that two lamel-
lar phases with typical periodicities are present
(White et al., 1988; Bouwstra et al., 1991, 1994,
1995). On this basis the phase behaviour of iso-
lated skin lipids was also studied by the authors
to examine the role that various kinds of stratum
corneum lipids play in the proper organisation of
lamellar bilayers in the intercorneocyte space. The
results of this research indicate that the mixtures
of ceramides+cholesterol and ceramides+

Table 1
Area per molecule and compressibility of monolayers formed with lipids models, and mixed monolayers formed with enhancers
(Span 20 and Azone) and lipids models

Mole fraction of enhancer X Area per molecule (A, 2)Lipids Compressibility C (m/mN)

Span 20 Azone Span 20 Azone

Ceramides 29.320 0.0056
35.040.2 0.0088

0.012139.660.4
45.790.6 0.0136

0.8 49.57 0.0148
0.019056.681

0 34.59Cholesterol 0.0021
36.080.2 0.0035

0.4 36.76 0.0065
0.6 37.19 0.0106
0.8 39.23 0.0136

0.019056.681
0 29.72Fatty acid mixture 0.0138

0.020138.960.2
0.4 43.65 0.0224
0.6 49.33 0.0200
0.8 57.42 0.0198

56.681 0.0190
0 41.77Ceramides+Cholesterol 41.77 0.0045 0.0045

41.60 0.00820.006138.960.2
0.4 43.65 45.65 0.0075 0.0101

0.01620.011264.2249.330.6
0.015169.04 0.016057.420.8

1 0.01800.019069.7056.68
0.004738.68Ceramides+Cholesterol+Fatty 38.680 0.0047

acid mixture
33.97 36.620.2 0.0077 0.0090

0.01370.010239.8341.330.4
51.440.6 54.08 0.0148 0.0150

0.8 0.01570.019457.7870.11
0.01800.019069.7056.681
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cholesterol+ long-chain free fatty acids closely
mimic the lipid phase behaviour in intact stratum
corneum (Bouwstra et al., 1996).

Many studies have tried to elucidate the mecha-
nism by which laurocapram (Azone), a well-
known lipophilic permeation enhancer, acts
(Barry, 1987; Lewis and Hadgraft, 1990; Schück-
ler and Lee, 1991; Allan, 1995; Engblom, 1996;
Harrison et al., 1996; Engblom et al., 1998). In
one of them the effects of the enhancer on the
monolayers of simple lipids such as ceramides and
cholesterol, a mixture of six fatty acids, and mixed
monolayers of these lipids were examined
(Schückler and Lee, 1991). The results obtained
by the authors could be considered qualitatively
similar to those we found for Span 20 on the
aforementioned lipid models. Therefore, in order
to obtain new experimental data that would per-
mit us to quantify and compare the magnitude of
the effects of both enhancers (Span 20 and
Azone), mixtures of ceramides+cholesterol were
prepared (model IV) in proportions similar to
what is found in human stratum corneum (65:35)
(Elias, 1990). Mixtures of ceramides+choles-
terol+ free fatty acids (model V) were also pre-
pared (35:20:25) (Elias, 1990). Both Span 20 and
Azone were tested on these mixtures of lipids.

Fig. 5 shows the effect of Span 20 when it was
incorporated into monolayers prepared with the
ceramides+cholesterol mixture (model IV). As
can be observed the shape of the isotherms of this
lipid model is very similar to that of pure ce-
ramide, but the presence of cholesterol induces a
decrease in compressibility; (C=0.0045 m/mN)
and an increase in the area occupied per molecule
(A=41.77 A, 2, Table 1). Mixed monolayers pre-
pared with this lipid model and Span 20 show a
behaviour similar to that observed on mixed
monolayers of this enhancer with model I formed
by simple ceramides. Therefore, it seems that the
addition of Span 20 also induces a concentration-
dependent transition from LC to LE behaviour.
Eq. (1) shows the linear relationship obtained
between the mole fraction of Span 20 (X) present
in the monolayers of model IV and the respective
compressibility values (C).

C=0.015(0.001)X+0.003(0.001) (r\0.981)
(1)

Similar effects were observed when Azone was
incorporated into monolayers prepared with this
lipid model (model IV). There is also a linear
relationship between the mole fraction of Azone
present and the compressibility of the film, as well
as an increment in the area occupied per
molecule. Eq. (2) shows the correlation between
the mole fraction of Azone present in the mono-
layers of model IV and the respective compress-
ibility values.

C=0.014 (0.002)X+0.005(0.001) (r\0.967)
(2)

In order to compare the magnitude of the effect
of both enhancers on the compressibility of
monolayers of this lipid model, statistical com-
parison of the two equation slopes using Student’s
t-test was done. This analysis shows that the
slopes are not significantly different (PB0.05).

Finally, Fig. 6 shows the effects of Span 20
when it was incorporated into monolayers pre-
pared with the mixture of ceramides+choles-
terol+ free fatty acids (model V). As can be seen
in Table 1 the monolayer free of enhancer has a
compressibility similar to that of the ceramides+
cholesterol mixture (model IV). The presence of
fatty acids, then, does not alter the compressibil-
ity. When Span 20 and Azone were added, the
area occupied per molecule and the compressibil-
ity of the monolayers increased. The relationships
obtained between the mole fraction of enhancer
present and the compressibility of the respective
monolayers were linear in both cases; for Span 20
the equation is:

C=0.016(0.002)X+0.005(0.001) (r\0.979)
(3)

and for Azone:

C=0.013 (0.002)X+0.006 (0.001) (r\0.955)
(4)

The slopes of both regression lines are not
significantly different (PB0.05).

In conclusion, the results obtained indicate
that Span 20 reduces the state of condensation
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of monomolecular films prepared with ceramides,
cholesterol, ceramides+cholesterol, and ce-
ramides+cholesterol+ free fatty acids. On the
other hand, the incorporation of the Span 20 into
fatty acid monolayers does not produce a sub-
stantial change in the shape of the isotherms.
Therefore, it seems that Span 20, like Azone,
modifies the state of condensation of ceramides
and cholesterol, thus increasing fluidity within the
monolayers.

Furthermore, statistical comparison of the re-
sults obtained with both enhancers, Span 20 and
Azone, using models IV and V shows that their
effects are not statistically different and that con-
sequently they seem to have the same potency in
their effect on monolayers compressibility. For
this reason, Span 20 could be considered a percu-
taneous enhancer that has an effect similar to that
of Azone on intercellular stratum corneum lipids
— i.e. it increases the diffusivity of the molecules.
At the same time, the models assayed, if re-
stricted, seem to be good models for predicting
the activity and potency of percutaneous en-
hancers on the fluidity of the lipid structure of the
stratum corneum.
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Schürer, N.I., Elias, P.M., 1991. The biochemistry and func-
tion of stratum corneum lipids. Adv. Lipid Res. 24, 27–
56.

ten Grotenhuis, E., Demel, R.A., Ponec, M., Boer, D.R., van
Miltenburg, J.C., Bouwstra, J.A., 1996. Phase behaviour of
stratum corneum lipids in mixed Langmuir–Blodgett mono-
layers. Biophys. J. 71, 1389–1399.

Walters, K.A., 1989. Penetration enhancers and their use in
transdermal therapeutic systems. In: Guy, R.H., Hadgraft,
J. (Eds.), Transdermal Drug Delivery. Marcel Dekker, New
York, pp. 197–246.

Wertz, P.W., Dowing, D.T., 1989. Stratum corneum: biological
and biochemical considerations. In: Hadgraft, J., Guy, R.H.
(Eds.), Transdermal Drug Delivery. Marcel Dekker, New
York, pp. 1–22.

Wertz, P.W., van den Bergh, B., 1998. The physical, chemical
and functional properties of lipids in the skin and other
biological barriers. Chem. Phys. Lipids 91, 85–96.

White, S.H., Mirejovsky, D., King, G.I., 1988. Structure of
lamellar lipid domains and corneocytes envelopes of murine
stratum corneum. An X-ray scattering. Biochemistry 27,
3725–3732.

.


