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Synopsis 

The purpose of this study was to investigate the effect of a lameliar liquid crystalline phase in emulsions on 
percutaneous diffusion of a hydrophilic sunscreen (benzophenone-4). Six emulsions were formulated, using 
all the same components except the surfactants. The emulsion structures were visualized by freeze-fracture 
electron microscopy. In vitro penetration measurements were performed with static diffusion cells. 

Benzophenone-4 fluxes were smallest for emulsions without liquid crystals and highest for those with liquid 
crystals. The permeant fluxes seemed to be modified by the surfactant organization within the emulsions. 

INTRODUCTION 

Surfactants are major components of cosmetic formulations. They are commonly used to 
stabilize the emulsions. Indeed, these molecules are able to form a monolayer at the 
oil-water interface, thus reducing the interfacial forces. Within the concentration range 
of the emulsifying agents used in topical emulsions, some surfactants may form par- 
ticular colloidal aggregates such as liquid crystal structures (of lameliar, hexagonal, or 
cubic type). These lameliar structures, when they surround droplets in an emulsion, can 
enhance the emulsion stability by preventing droplet coalescence (1). 

These lameliar structures are also encountered in liposomes. Indeed, a liposome is an 
aqueous compartment surrounded by one or more lipid bilayers. It has been demon- 
strated that these particular structures of lipids in the bilayer configuration may enhance 
the concentration of certain molecules within the skin while reducing their systemic 
absorption, although the mechanism of action has not yet been fully elucidated (2-5). 

Many studies have evaluated the influence of different amphipathic compounds on 
percutaneous absorption (6-11), but generally the authors do not pay attention to the 
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vehicle structure. Other studies have investigated the in vitro release of active compo- 
nents (12-15) and the cutaneous permeability (16-19) as a function of the various 
colloidal organizations for a given composition of the vehicle. However, in general, 
effects are demonstrated for one surfactant system. The aim of our study was to evaluate 
the impact of the presence of lamellar liquid crystals within emulsions on percutaneous 
permeability for a large variety of surfactants, by comparing six emulsions that only 
differed by the surfactant used and, as a result, by their structure. 

CHEMICALS AND FORMULATIONS 

CHEMICALS 

The permeant was benzophenone-4 (the sunscreen Uvinul©MS40). A series of six emul- 
sions containing different surfactants but with the same aqueous and oily phases was 
prepared. 

The oily phase was a caprilic/capric triglycerides (Miglyol©812)/octyl methoxycinna- 
mate (Parsol©MCX) mixture. The surfactants polysorbate 60 (Tween©60); steareth-2 
(Brij©72); steareth-21 (Brij©721); poloxamer 407 (Synperonic©PE F/127); sorbitan stea- 
rate and sucrose cocoate (Ariatone©2121); and triethanolamine stearate were obtained 
from ICI Americas. The surfactant acrylates/C•o_3o alkyl acrylate crosspolymer 
(Pemulen©TR1) was obtained from Goodrich. The preservative, diazolidilyl urea 
(Germall©II), was obtained from Sutton. The sodium hydroxide required for aqueous 
phase and acrylates/C•o_3o alkyl acrylate crosspolymer neutralization was obtained from 
Fluka. 

FORMULATIONS 

Two hundred grams of each emulsion were prepared using a standardized procedure: 
surfactant, aqueous phase, and oily phase were weighed into a glass container, sealed, 
heated to 80øC, and stirred using Istral-type mixing equipment (1050 rpm). Agitation 
was maintained until the emulsion cooled to room temperature. Three passes through a 
microfluidizer (Rannie©), set at a pressure of 600 PSI, were necessary to produce stable 
emulsions with polysorbate 60 and poloxamer 407. The compositions of the formula- 
tions are listed in Table I. 

EMULSION STRUCTURE 

Freeze-fracture electron microscopy was used to study aggregate structures in emulsions 
with the six different surfactants. 

The samples were mixed with glycerol (30% of the water content) to prevent ice crystal 
formation and were rapidly frozen in liquid propane (-196øC). The frozen samples were 
fractured in a Baizers BAF400 freeze-etching device. Platinium and carbon replicas were 
made. These solids were evaporated by electron beaguns. Contrast was achieved by 
depositing the particles of platinium at an angle of 30 ø. The carbon layer was deposited 
vertically onto the replica. The replica was transferred from one cleaning solution to 
another. After being washed and dried on an electron microscope grid, the replica was 
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observed with Jeol 100SX operated at 80kV. The main steps of the freeze fracture 
electron microscopy technique are summarized in Figure 1. 

The median sizes of the oily droplets were determined from microscopic negatives. To 
localize benzophenone-4 in the emulsions, benzophenone-4 was assayed in the whole 
emulsions and in the aqueous phases obtained after ultracentrifugation. Benzophenone-4 
was quantified using reversed-phase HPLC with a column of Novopack C18 at 285 nm. 
The mobile phase consisted of water with 1% perchloric acid and methanol (6:4). 

THE CUTANEOUS MEMBRANE 

Benzophenone-4 flux was determinated across ventral skin of male 6-7-week-old hairless 
rats (Iffa Credo). The skin was always freshly obtained and used full-thickness, with the 
subcutaneous fat carefully removed. 

IN VITRO PERMEATION STUDIES 

The in vitro drug release experiments were performed with static vertical diffusion cells 
with an exposure area of 2.54 cm 2. Five tenths of a gram of each emulsion was applied 
to the rat skin surface. The receiving fluid (9 ml) was phosphate buffer, pH = 7.4, with 
5 % (w/w) polysorbate 80 to ensure sink conditions and with 0.5% (w/w) of antibiotics 
(streptomycin 10000 UI/ml and penicillin 10000 I•g/ml) to prevent microbiological 
proliferation. During permeation experiments, the receiver phase was constantly stirred 
by means of a magnetic bar. The receiver medium was collected over a period of 48 
hours. For each system a mean of six cells was calculated. 

RESULTS AND DISCUSSION 

DETERMINATION OF THE EMULSION STRUCTURE 

The freeze-fracture electron microscopy consisted of observing and photographing the 
metallic replica of the fractured surface of the cryofixed sample. Shadows were cast by 
any topographical features of the specimen surface, and a three-dimensional impression 
of the surface was thus created. 

For emulsions with polysorbate 60, poloxamer 407, and acrylates/C•o_3o alkyl acrylate 
crosspolymer, all the fractured oily droplets and continuous aqueous phases were ho- 
mogeneous without relief. These three emulsions did not contain any liquid crystal 
structure (Figure 2). 

Micrographs of emulsions with triethanolamine stearate, sorbitan stearate and sucrose 
cocoate, and steareth-2/-21 clearly showed lameliar liquid crystals in the aqueous phase 
and vesicles with relief, which were oily droplets surrounded by one or more lameliar 
bilayers (Figure 3). Table II summarizes the emulsion structure, the medium size of oily 
droplets, and the distribution of benzophenone-4. The relatively amphiphilic character 
of benzophenone-4 may predispose it to associate with surfactant structures. 
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Figure 1. The main steps of the freeze-fracture electron microscopy technique. 
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Figure 2. Freeze-fracture electron micrographs of the simple emulsions containing acrylates/C•o_3o alkyl 
acrylate crosspolymer (a), polysorbate 60 (b), and poloxamer 407 (c). The scale bar indicates 0.5 iam. 
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Figure 3. Freeze-fracture electron micrographs of the structured emulsions containing steareth-2/-21 (a), 
sorbitan stearate and sucrose cocoate (b), and triethanolamine stearate (c). The scale bar indicates 1 pro. 
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Table II 

The Structural Properties of the Different Emulsions 

Surfactants 

Benzophenone-4 
Presence of Medium-size partition between 

lameliar oily droplets oil/water (%) 
liquid crystals (pm) (w/w) 

Polysorbate 60 No 0.1 _+ 0.1 21/79 
Poloxamer 407 No 0.1 _+ 0.2 8/92 

Acrylates/C•o_3o alkyl acryalte crosspolymer No 3.1 -+ 4.6 28/72 
So rbitan stearate and sucrose cocoate Yes 10.1 _+ 11.3 21/79 
Steareth-2/-21 Yes 6.4 _+ 9.4 25/75 
Triethanolamine stearate Yes 0.4 _+ 0.3 11/89 

Aqueous reference No --/100 

I.N VITRO PERMEATION 

As benzophenone-4 is a predominantly hydrophilic drug, its permeation from the con- 
tinuous aqueous phase of emulsion was compared with permeation from an aqueous 
solution. 

Figure 4 represents the in vitro permeation profiles of benzophenone-4 from the six 
emulsions studied and from an aqueous solution as reference (water with 2.5 % benzo- 
phenone-4). The corresponding steady-state fluxes and the amounts of benzophenone-4 
that diffused after 48 h are summarized in Table III. 

Permeation from the emulsion with artionic surfactant (triethanolamine stearate) was 
much higher than that from those with nonionic surfactants (the five other surfactants 
used). This result is in agreement with results concerning artionic and nonionic enhancer 
permeation effects (20-21). 

According to the differences obtained between the emulsions and the aqueous solution, 
the surfactants seemed to have influenced benzophenone-4 transport from the vehicle to 
the receiver medium. Moreover, the benzophenone-4 fluxes were the smallest for emul- 
sions without liquid crystals (termed simple emulsions) and the highest for those with 
liquid crystals (called structured emulsions), and thus the permeant fluxes also seemed 
to be modified by surfactant organization in emulsions. 

The overall effect of surfactant on membrane permeability is the result of two opposing 
events (22-23): on one hand, interaction with cutaneous membrane enhances the per- 
meation, whereas, on the other hand, association of the permeant molecules with the 
surfactant into micelie-like structures increases permeant solubility in the vehicle, and 
so its partition coefficient towards the skin is reduced and permeability decreases 
(21,24-26). 

The flux from the simple emulsion with poloxamer 407 was significantly lower than that 
of the aqueous reference (Student's t-test, p -- 0.05%). For emulsions containing pol- 
oxamer 407, an interaction of benzophenone-4 with surfactant micelies could be pre- 
ponderant over a possible interaction of the surfactant with the skin, and this could lead 
to a decrease in benzophenone-4 permeation. 

The fluxes from the simple emulsions with polysorbate 60 and with acrylates/C•o_3o 
alkyl acrylate crosspolymer were smaller than that of the aqueous reference, whereas the 
flux from structured emulsions with sorbitan stearate and sucrose cocoate was higher, 
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Figure 4. Transcutaneous permeation profiles of benzophenone-4 from the six emulsions and from the 
reference. 

Table III 

Transcutaneous Permeation Parameters for Benzophenone-4 

Benzophenone-4 flux 
(t•g/cm2/h) 

Benzophenone-4 diffused 
amount (t•g/cm 2) 

Emulsions 

Polysorbate 60 21 + 7 504 _+ 138 
Poloxamer 407 10 _+ 6 317 _+ 156 

Acrylates/C•o 30 alkyl acrylate crosspolymer 19 -+ 13 367 + 200 
Sorbitan stearate and sucrose cocoate 54 + 24 1155 + 621 
Steareth-2/-21 67 + 12 2140 + 268 
Triethanolamine sterate 86 + 7 4433 + 744 

Reference 

Aqueous solution 32 + 24 602 + 357 

but these differences were not significant (t-test, p = 0.05%). For emulsions containing 
polysorbate 60 or acrylates/Cto_3o alkyl acrylate crosspolymer or sorbitan stearate and 
sucrose cocoate, a possible interaction of benzophenone-4 with surfactant organization 
could partially counterbalance a possible interaction of the surfactant with the mem- 
brane, resulting in slight modifications of benzophenone-4 permeation. 
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The fluxes from the structured emulsions with steareth-2/-21 or triethanolamine stearate 

were significantly higher than that of the aqueous reference (t-test, p = 0.05%). 

The main barrier for the percutaneous absorption of almost all compounds is the stratum 
corneum, which is composed of keratinized cells embedded in lameliar lipid layers (27). 
Most intercellular lipids are in a gelified crystalline state, but some of them may be in 
a liquid crystalline state (28-30). It is generally accepted that these intercellular domains 
constitute the primary route for the passive permeation of many molecules through the 
skin. The effective barrier property of the stratum corneum intercellular lamellae has 
been attributed to the highly ordered bilayer structures in the intercellular spaces. 

One could hypothesize that surfactants that have formed liquid crystals in the emulsions, 
diffusing as single molecules through the intercellular lipid lamellae, are able to pref- 
erentially transform the gelified crystalline lipid packing into the liquid crystalline lipid 
packing and create a more fluid, permeable, membrane. 

French et al. (31) have shown that incorporation of surfactants (dodecyl ether ethoxylate 
type) into multilamellar vesicles of distearylphosphatidylcholine (model of stratum cor- 
neum lipids) disrupted the highly ordered packing of the lipid chains, causing increased 
fluidity within lipid bilayers. 

For the aqueous solution and for simple emulsions, benzophenone-4 partitioned between 
the stratum corneum and water, in which the diffusible permeant concentration can be 
modified by miceliar solubilization. For structured emulsions, the case could be more 
complex. Indeed, it has been demonstrated that when some suspensions of nonionic 
vesicles (32) or liposomes (33) (e.g., an aqueous compartment surrounded by lameliar 
layers) were put on the skin, vesicles aggregated and fused, thus depositing lameliar 
structures on the surface of the stratum corneum. If a similar phenomenon occurred with 
an oily droplet surrounded by lameliar layers or with lameliar layers in the aqueous 
phase, benzophenone-4 partitioning between water and stratum corneum could be re- 
placed by partitioning between lameliar liquid crystals and stratum corneum. If the 
partition between stratum corneum and lameliar liquid crystals were more favorable to 
the stratum corneum than water, permeation could be enhanced. 
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