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Abstract

The potential application of highly biocompatible o/w microemulsions as topical drug carrier systems for the
percutaneous delivery of anti-inflammatory drugs, i.e. ketoprofen, was investigated. Microemulsions were made up of
triglycerides as oil phase, a mixture of lecithin and n-butanol as a surfactant/co-surfactant system and an aqueous
solution as the external phase. To evaluate the percutaneous enhancing effect of oleic acid, this compound was used
as a component of some o/w microemulsions. The topical carrier potentialities of lecithin-based o/w microemulsions
were compared with respect to conventional formulations, i.e. a w/o emulsion, a o/w emulsion and a gel.
Physicochemical characterisation of microemulsions was carried out by light scattering and zeta potential analyses.
Microemulsions showed mean droplet size <35 nm and a negative zeta potential, that is —39.5 mV for the oleic
acid—lecithin microemulsion and — 19.7 mV for the lecithin-based microemulsion. The percutaneous adsorption of
the various topical formulations was evaluated through healthy adult human skin, which was obtained from
abdominal reduction surgery. Ketoprofen-loaded microemulsions showed an enhanced permeation through human
skin with respect to conventional formulations. No significant percutaneous enhancer effect was observed for
ketoprofen-loaded oleic acid—lecithin microemulsions. The human skin tolerability of various microemulsion formu-
lations was evaluated on human volunteers. Microemulsions showed a good human skin tolerability. © 2002 Elsevier
Science B.V. All rights reserved.
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1. Introduction

Ketoprofen is a potent nonsteroidal anti-infl-
ammatory drug (NSAID), that inhibits
prostaglandin  synthetase-cycloxygenase.  This
drug is used both systemically and topically for
the treatment of several diseases such as
tendinopathy (Rolf et al., 1997), acute and
chronic arthritic conditions (Franchi et al., 1975),
and knee osteoarthritis (Ottillinger et al., 2001).
Unfortunately, the systemic administration of this
drug, similar to other NSAIDs, presents gas-
trointestinal side effects that could be avoided by
using a topical application (Valenta and Almasi-
Szabo, 1995).

The topical treatment of several diseases is of-
ten limited by the poor percutaneous permeation
through human skin. For this reason, the realisa-
tion of topical formulations, which are able to
improve the percutaneous permeation of anti-
nflammatory drugs, can be of particular impor-
tance for the success of topical therapeutic
approaches.

The common method to improve drug perme-
ation through the skin is to use penetration en-
hancers (Sugibayashi et al., 1992; Williams and
Barry, 1992), i.e. organic solvents (ethanol, N-
methylpyrrolidone) and fatty acids (oleic acid).
Penetration enhancers can change the structure of
skin lipids and alter the skin barrier function.
These compounds, even if they increase the trans-
dermal flux of several drugs, often generate skin
irritation (Walters, 1989). Other methods have
been proposed to increase the permeability of
drugs through the skin, i.e. iontophoresis and
ultrasound (Singh and Maibach, 1996; Boucaud
et al., 2001), but these methods are not frequently
used due to the requirement of qualified staff for
their application. Recently, some authors (Kir-
javainen et al., 1999) have proposed the use of
substances endowed with low toxicity, i.e. phos-
pholipids, as penetration enhancers. These sub-
stances present a notable affinity with cellular
membranes thus leading to an increased absorp-
tion of several drugs (Henmi et al., 1994).

Various lecithin-based topical formulations
have been proposed as dermal and transdermal
drug delivery systems, i.e. liposomes (Foldvari et

al., 1990; Fresta and Puglisi, 1996, 1997) and
microemulsions (Benita and Levy, 1993 Osborne
et al., 1991; Tenjarla, 1999). Microemulsions
present some advantages over the liposomal carri-
ers, namely higher storage stability, lower prepa-
ration cost, good production feasibility, absence
of organic solvents, and no necessity of intensive
sonication. These advantages are based on the
fact that microemulsions are thermodynamically
stable colloidal systems (clear or slightly opales-
cent isotropic systems), that can spontaneously be
formed by mixing together an aqueous phase, a
lypophilic phase and a surfactant/cosurfactant
mixture.

In this paper, the preparation, characterisation
and toxicity evaluation of lecithin-based microe-
mulsions, as percutaneous drug delivery devices,
are reported. In particular, lecithin microemul-
sions were compared with various conventional
topical formulations: w/o and o/w emulsions, and
a hydrophilic gel. A lecithin microemulsion con-
taining oleic acid as penetration enhancer was
also investigated. The percutanecous permeation
profiles of various ketoprofen-loaded formula-
tions through excised human skin are also
reported.

2. Materials and methods

2.1. Chemicals

Soybean lecithin (SL), Epikuron 200 was a kind
gift from Lucas Meyer Co. (Hamburg, Germany).
Cetyl alcohol, n-butanol, propylene glycol,
sodium EDTA and oleic acid (OA) were pur-
chased from Sigma Chemicals Co (St. Louis, MO,
USA). Carbomer 934 was purchased from BF
Goodrich Speciality Chemicals Water Soluble
Polymers Division (Italy). Triethanolamine, vase-
line and liquid paraffin were obtained from Carlo
Erba (Milan, Italy). Miglyol 812 N was obtained
from Eigemann & Veronelli (Milan, Italy). Ce-
tomacrogol BP 1000 was purchased from Cru-
ciani Alberto Prodotti Crual, (Rome, Italy).
Ketoprofen [(RS)-2-(3-benzoylphenyl) propionic
acid] is a Sigma product.
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2.2. Microemulsion preparation

An SL microemulsion was prepared by dispers-
ing lecithin in the aqueous dispersion of ketopro-
fen (1% w/v) at 40 °C. This mixture was kept
under constant agitation ( ~ 500 rpm) by means
of a magnetic anchor until the complete disper-
sion of the lecithin component. The lipophilic
phase made up of Mygliol 812 N was added
under continuous agitation at room temperature,
thus forming a milky emulsion that was stabilised
for 24 h. This emulsion was transformed into a
microemulsion by the addition of a suitable
amount of n-butanol, that acts as the co-surfac-
tant. Microemulsions were kept for 24 h at room
temperature to allow the stabilisation of the col-
loidal phase. The OA-SL microemulsion was pre-
pared using the same procedure but with the
addition of oleic acid in the hydrophobic phase.

2.3. Preparation of topical formulations

Various ketoprofen-loaded topical formulations
were prepared to be compared with the microe-
mulsions, that is w/o and o/w emulsions, and a
gel. The compositions of the various topical for-
mulations are reported in Table 1.

The o/w emulsion was prepared by adding
slowly the aqueous phase to the oily phase and to
the blend of surfactants under continuous agita-
tion: the phases were kept to 60 °C. The w/o

Table 1

emulsion was prepared by adding slowly the oily
phase to the aqueous and to the surfactants at
60 °C. These mixtures were stirred until cool,
thus forming the emulsion formulations.

The gel was prepared by dispersing Carbopol
934 in distilled water under continuous agitation.
Ketoprofen (1 g) was solubilised in ethanol. The
drug solution was added to the Carbopol disper-
sion. The water-ethanol solution was neutralised
with triethanolamine. All the formulations were
stored at room temperature for 24 h before use.

2.4. Dimensional analysis

Size analysis of microemulsions was carried out
by photon correlation spectroscopy with a Zeta-
master (Malvern Instruments Ltd, Sparing Lane
South, Worcs, England). A solid state laser was
used as the light source. This laser diode had a
nominal power of 4.5 mW with a maximum out-
put of 5 mW at 670 nm. The photon correlation
spectroscopy measurements were carried out at a
scattering angle of 90°. As a correlation function
a third-order cumulant fitting (Chu, 1974; Berne
and Pecora, 1976) with a dilation of 1.20 was
applied to obtain mean particle diameter and
polydispersity. Samples were suitably diluted with
filtered water (Sartorius membrane filters 0.22
um) to avoid multi-scattering phenomena and
then placed in quartz couvettes. The real and
imaginary refractive indexes were set at 1.59 and

Composition of the various ketoprofen-loaded topical formulations

Surfactants and structurizing agents Co-surfactant

Formulation  Oil phase Aqueous phase

w/o Cream Liquid paraffin (15 g) Distilled water (24 g)
Vaseline (37.5 g)

o/w Cream Liquid paraffin (6 g) Distilled water (69 g)
Vaseline (15 g)

Gel - Water (76 g)

Ethanol (20 g)
SL-ME Myzgliol 812 N (6.3 g) Water (48.1 g)
OA-SL ME Mygliol 812 N (6.3 g) Water (47.1 g)

Cetyl alcohol (18 g) -
Cetomacrogol (4.5 g)

Cetyl alcohol (7.2 g) -
Cetomacrogol (1.8 g)

Triethanolamine (1.5 g) -
Carbopol 934 (1.5 g)
Soybean lecithin (19 g)
Soybean lecithin (19 g)
Oleic acid (1 g)

n-butanol (26.6 g)
n-butanol (26.6 g)

The drug was added in the aqueous phase at a concentration of 1 g.



24 D. Paolino et al. / International Journal of Pharmaceutics 244 (2002) 21-31

0.0, respectively. Five different experiments per
sample were performed. Thirty measurements
were carried out for each experiment. Data are
expressed as mean value + standard deviation
(S.D.).

2.5. Electrophoretic mobility and zeta potential

Electrophoretic mobility and zeta potential dis-
tribution were measured with the Zetamaster par-
ticle electrophoresis analyzer set-up (Malvern)
equipped with a 5 mW HeNe laser (633 nm). Zeta
limits ranged from — 120 to 120 V. Strobing
parameters were set as follows: strobe delay —
1.00, on time 200.00, off time 1.00. A Smolu-
chowsky constant F(Ka) of 1.5 was used to
achieve zeta potential values from electrophoretic
mobility. Ten different measurements for each
sample were carried out.

2.6. In vitro permeation experiments through
human skin

Samples of healthy adult human skin (mean age
35 + 8 years) were obtained from abdominal re-
duction surgery. Membranes of the stratum
cornecum and epidermis (SCE) were isolated as
previously reported in literature (Kligman and
Christophers, 1963). Subcutaneous fat was surgi-
cally removed by means of a scalpel and the skin
was immersed in distilled water at 60 + 1 °C for 2
min. Then SCE were peeled off, dried in a dessica-
tor at approximately 25% relative humidity,
wrapped in aluminium foil and stored at 4 +1 °C
(Swarbrick et al., 1982). At the moment of use,
SCE membranes were rehydrated by immersion in
distilled water for 1 h at room temperature. Skin
permeation studies were carried out by using
Franz-type diffusion cells (Franz, 1975). The cell
had a diffusional surface area of 0.75 cm? and a
4.5 ml cell volume. Human skin was mounted
horizontally with the stratum corneum side up,
dividing the cell into two compartments: the
donor and the receptor compartments. The donor
compartment was covered with Parafilm® in order
to achieve occlusive conditions. The receptor was
filled with 33 mM phosphate-buffered saline (pH
7.4). The receptor fluid was constantly stirred with

a small magnetic stirring bar in order to ensure its
homogeneity. Each formulation (200 mg) was ap-
plied in the donor compartment of Franz’s cells.
The duration of experiments was 24 h. At time
intervals, 100 pl of the acceptor phase were with-
drawn and analysed by HPLC to determine the
amount of permeated ketoprofen. The withdrawn
volume was replaced with fresh medium and a
correction for dilution was carried out. At the end
of the experiments the receptor phase was with-
drawn and analysed for the total amount of per-
meated ketoprofen. Each experiment was carried
out six times.

2.7. Determination of ketoprofen

The concentration of ketoprofen in the receptor
compartment of Franz’s cells was determined by
HPLC analysis. A Hewlett-Packard model 1050
liquid chromatographic system (Hewlett-Packard,
Milan, Italy) equipped with a 20 ul Rheodyne
model 7125 injection valve (Rheodyne, Cotati,
CA) was used. The chromatographic analysis was
carried out with a reverse phase Nucleosil 100-5
C,s column (5 pm, 250 x 4.6 mm 1i.d.; Applied
Biosystems) at room temperature. Ketoprofen de-
tection was carried out at /., 260 nm. The
mobile phase was an acetonitrile/pH 5 phosphate
buffer mixture (40:60 v/v) with a flow rate of 1
ml/min. The amount of ketoprofen was calculated
by reporting the peak area of a sample on a
standard calibration curve, that was built up by
relating known drug concentrations with the re-
spective peak areas. Standard solutions contained
between 0.8 and 16 pg/ml of ketoprofen. Linear
regression analysis of the peak areas of standard
solutions gave a r? value of 0.9998. No interfer-
ence of the other formulation components was
observed.

2.8. Acceptability in humans

Skin acceptability of topical formulations was
tested on human volunteers. A 48 h test for
primary irritation was performed as previously
reported (Friedman et al., 1995). Briefly, thirty
screened volunteers comprised the test. An occlu-
sive patch bearing the formulation was applied to
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the upper outer arm for 23 h. One hour after
removal, skin sites were assessed for signs of skin
irritation, which were rated with a numerical scor-
ing system. After assessment, an identical fresh
patch was applied to the same skin area for a
further 23 h. One hour after patch removal, skin
sites were again assessed. The system of scoring
took into account several different conditions of
significance. In particular, the values assigned
were as follows: vesicles, 5; oedema, 4; erythema,
3; flakiness, 2; dryness, 1; wrinkling, 1; glazing, 1.
Each condition was scored according to the
strength of observed reaction: 0, no visible reac-
tion; 1, just present reaction; 2, slight reaction; 3,
moderate reaction; 4, severe reaction. To obtain
the value for the total reaction, the score for
strength of reaction was multiplied by the corre-
sponding condition rate and the resulting values
were summed to provide a global score for the
acceptability degree. Scores were calculated evalu-
ating the mean values of the total reactions and
dividing this value by the number of subjects
showing a visible reaction for the sample in
examination.

2.9. Statistical data analysis

Results are expressed as the mean value + S.D.
Statistical data analysis was performed using a
one-way ANOVA with a posteriori Bonferroni’s
t-test. Data with P < 0.05 are considered significa-
tive. In the case of in vivo human acceptability
experiments, the statistical analysis for the differ-
ent scores was performed by using the nonpara-
metric variable Kruskal-Wallis test. Also in this
case a P <0.05 was considered statistically signifi-
cant. The Mann—Whitney test was applied for the
analysis of individual differences.

3. Results and discussion

3.1. Physicochemical characterization
Microemulsions have been proposed as drug

delivery vehicles. However, as most of the papers

reported in literature used pharmaceutically unac-
ceptable ingredients to prepare the microemulsion

formulations, there is the necessity to investigate
suitable microemulsion systems for pharmaceuti-
cal use. For this reason in this paper the various
microemulsion components were chosen taking
into account their biocompatibility, trying to im-
prove as much as possible the acceptability of the
final formulations. In particular, a mixture of
short chain triglycerides (Miglyol 812 N) was used
as the oil phase. Natural soybean lecithin, which
has no toxic effect even at high concentrations
(lecithins are normal constituents of biological
membranes), was used as a surfactant to prepare
microemulsions.

Due to the physicochemical properties of
lecithin, i.e. high lipophilicity and tendency to
form liquid crystalline structures, microemulsions
are not generally formed with pharmaceutically
acceptable oils, such as triglycerides, using lecithin
as a primary surfactant (Shinoda et al., 1991;
Schurtenberger et al., 1993; Aboofazeli et al.,
1995). To obtain an optically clear, one-phase
microemulsion using lecithin, there is a need for
the presence of a short-chain alcohol as a cosur-
factant (Aboofazeli and Lawrence, 1993). There-
fore, in this study n-butanol was used to prepare
the topical microemulsion formulations.

A common strategy to improve the transdermal
passage of a drug is represented by the addition of
substances that are able to disorganise in a re-
versible way the skin barrier properties (the so-
called penetration enhancers) to the drug topical
formulation (Barry, 1987). A component that is
often present in topical formulations as a penetra-
tion enhancer is oleic acid (Ogiso and Shintani,
1990). To evaluate the effect of this compound on
both the physicochemical and the percutaneous
properties of microemulsions, oleic acid was
added during the preparation of the colloidal
system.

To characterise the physicochemical properties
of various microemulsion formulations, size anal-
ysis and zeta potential of emulsion droplets were
carried out by means of light scattering. Recently
some authors (Friedman et al., 1995) observed a
direct influence of the size of the droplets of the
emulsion in which a drug is entrapped on its
penetration into the skin. As shown in Fig. 1,
both SL and OA-SL microemulsions are charac-
terised by a very narrow size distribution as deter-
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Fig. 1. Size distribution of SL and OA-SL microemulsions
prepared both in the presence and in the absence of ketopro-
fen as determined by light-scattering cumulant analysis. For
each sample thirty measurements were carried out at 25 °C.
The various microemulsions showed lower polydispersity in-
dex values than 0.1.

mined by light scattering cumulant analysis. The
presence of OA in the microemulsion formulation
led to a significant (P <0.001) increase of the
microemulsion droplet size up to 32.7+0.9 nm
(Table 2). This finding may be due to the fact that
the presence of OA at the level of the surfactant/
cosurfactant film of the microemulsion droplet
can elicit an electrostatic repulsion that leads to
an increase of the microemulsion mean size. Proof
of the fact that OA is able to change the surface
electric charge properties of microemulsion
droplets is achieved by zeta potential analysis.
OA-SL microemulsions presented a zeta potential
value of —39.542.7 mV, while SL microemul-
sions showed a zeta potential value of —19.7 +
1.2 mV (Table 2). Similarly to size distribution,
both microemulsions were constituted by ho-
mogenous populations as regards to the surface
charge properties (Fig. 2). The dilution of the two
microemulsion systems with water did not signifi-
cantly change their respective zeta potential values
(data not reported), thus showing that the OA

Table 2

Physicochemical properties of SL and OA-SL microemulsions
prepared both in the presence and in the absence of ketopro-
fen

Microemulsion Size (nm)* PI®  Zeta potential
(mV)?

Without ketoprofen

SL 232+1.1 001 —197+1.2

OA-SL 32.74+0.9 002 —395+27

With ketoprofen

SL 27.1+13 001 —-241+1.6

OA-SL 351412 001 —384+19

Light scattering experiments were carried out at least 24 h
after microemulsion preparation to allow the complete ar-
rangement of the colloidal microstructure.

4 Each value is the average of five different experiments +
S.D. ANOVA with a posteriori Bonferroni’s ¢-test provided a
P <0.05 for various values. The difference of the zeta potential
of OA-SL microemulsion with and without ketoprofen is not
significative.

® Polydispersity index.

component is firmly anchored at the level of the
surfactant/cosurfactant film of microemulsion
droplets.
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Fig. 2. Zeta potential analysis of SL and OA-SL microemul-
sions prepared in the absence of ketoprofen. The experiments
were carried out at 25 °C. For Each experiment ten different
measurement were carried out.
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The morphological and surface charge charac-
terisation was also carried out in the case of
ketoprofen-loaded microemulsions. The incorpo-
rated drug can take part in the microstructure of
the microemulsion system, thus influencing the
microemulsion arrangement and properties via
molecular interaction. This possibility can take
place in the case of drugs showing amphiphilic
and/or mesogenic properties, such as a variety of
compounds belonging to the group of NSAIDs
(Kriwet and Mueller-Goymann, 1993). In particu-
lar, ketoprofen caused a slight increase of the
microemulsion droplet size in the case of both SL
and OA-SL microemulsions (Table 2). The pres-
ence of this drug was also able to influence the
surface properties of SL microemulsion by elicit-
ing a change of the zeta potential from — 19.7 to
—24.1 mV. This finding shows that ketoprofen
can be in part incorporated into the surfactant-co-
surfactant film with the carboxylic group facing
the aqueous continuous phase. In the case of the
OA-SL microemulsion, ketoprofen did not signifi-
cantly influence the zeta potential of microemul-
sion droplets, probably due to a competitive
phenomenon with the OA molecules which could
reduce the possibility for the drug to be inserted
into the surfactant/cosurfactant film.

3.2. In vitro and in vivo experiments

To evaluate the ability of various topical formu-
lations to delivery ketoprofen through the human
skin, in vitro percutaneous permeation experi-
ments through human skin stratum corneum were
carried out.

Fig. 3 shows the permeation profiles of various
ketoprofen-loaded topical formulations through
human skin. OA-SL microemulsion is character-
ised by the highest ketoprofen permeation, while
the hydrophobic w/o cream showed the lowest
permeation profile. The gel presents an intermedi-
ate permeation profile, probably due to the pene-
tration enhancing effect triggered by the presence
of ethanol as a component of the topical
formulation.

The presence of OA in the microemulsion for-
mulation seems to poorly influence the permeation
of ketoprofen through human skin. In fact, both
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Fig. 3. Permeation profiles of ketoprofen through human skin
from various topical formulations. Each value is the mean
value of three different experiments + S.D.

OA-SL and SL microemulsions are characterised
by similar ketoprofen permeation profiles with a
total amount of ketoprofen permeated after 24 h
that is not significantly different. These data can
be due to two different factors: (i) the penetration
enhancer effect of OA is masked by the percuta-
neous enhancing effect exerted by the phospho-
lipid constituents of the various microemulsions;
(i1) the oleic acid is strongly bound to the microe-
mulsion structure, thus hampering the disorgani-
zation effect on skin lipids that is responsible for
the increase in drug percutaneous permeation.
The significant difference in ketoprofen percuta-
neous permeation between conventional formula-
tions and the two microemulsions was probably
due to the mean size of the internal phase droplets,
which are noticeably smaller in the case of microe-
mulsions. Besides the improved colloidal proper-
ties of the microemulsion dispersed phase, other
factors, that can contribute to the increased per-
meation of ketoprofen through human skin stra-
tum corneum can be both a solubilizing effect of
the drug elicited by the microemulsion lecithin
matrix and a penetration enhancer effect mediated
by the lecithin component (Henmi et al., 1994).
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In the case of the solubilizing effect, OA-SL
and SL microemulsions in drug delivery from
aqueous vehicle systems can act as true carriers.
Namely, microemulsions solubilise the poorly wa-
ter soluble drug and deliver it to the membranes
where the drug molecules are released from the
microemulsion systems to the skin surface, thus
increasing the drug skin permeation. While, the
penetration enhancer effect of lecithin can be me-
diated by the high affinity of lecithins for epider-
mal tissue, being able to mix with the skin lipid
components (Barry, 1987). This behaviour can
induce a change of the skin lipid fluidity, thus
leading to an enhanced percutaneous adsorption
of drugs (Nishihata et al., 1988).

In addition, the lecithin-mediated improvement
of drug percutaneous adsorption can also be elic-
ited by the increased hydration of the stratum
corneum determined by various lecithin-based
formulations (Valenta and Almasi-Szabo, 1995).

The steady-state flux (Js), the lag time (77) and
the area under the curve (AUC) of permeation
profiles are summarised in Table 3. It is evident
that SL and SL-OA show a higher flux of keto-
profen respect to conventional formulations: w/o
and o/w creams, and hydroalcoholic gel. The use

Table 3
Percutaneous permeation parameters of ketoprofen through
human stratum corneum from various topical formulations

Formulation AUC? L J (ug/cm? h)

W/O emulsion 240.75+ 3.61+0.25 0.795+0.001
50.35

O/W emulsion 31995+ 2.73+0.22 1.005 £ 0.005
53.30

Gel 53520+ 2.40+0.19 2.395+40.001
52.15

SL 89392+ 2.02+0.15 4.511+0.001
microemulsion  56.25

OA-SL 959.81 + 1.71 £0.11 4.750 + 0.006

microemulsion  53.24

Each value is the mean of six experiments + S.D.

4 One-way ANOVA analysis with a posteriori Bonferroni’s
t-test provided P<0.001 for various formulations. Only W/O
vs. O/W emulsion and SL vs. OA-SL microemulsion are not
significative.

b P<0.02 for various formulations.

Table 4

Human skin irritancy test of various topical formulations after 24 h of treatment

Score®

Irritation evidence at 24 h

Sample

Number of cases®

No of visible reaction

Edema Erythema Flakiness Dryness Wrinkling Glazing

Vesicles

10.17 +2.08
6.20 +2.77
4.67+2.52
433+ 1.15
3.50+1.39
4.67 +2.08

18/30
25/30
27/30
27/30
28/30
27/30

OA 1%
Ww/O
OoO/W
Gel

SL ME

OA-SL ME

2 The value reported in each column represents the number of subjects who showed the skin reaction symptom.

® Nonparametric variable Kruskal-Wallis test provided: P<0.001 for OA (1% w/w) aqueous dispersion vs. all other samples; P<0.05 for W/O cream vs. all other
samples; P<0.05 for SL microemulsion vs. O/W cream, gel and OA-SL microemulsion. This value was calculated according to the procedure reported in Section 2.
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of lecithin in both microemulsions increased the
flux of the drug and decreased the 77 respect to
others formulations. This finding may be due to
the fact that lecithin can influence the permeabil-
ity of the skin by lipid-fluidization, which leads to
decreased barrier function in a reversible way.
The T value of SL and OA-SL is significantly
decreased with respect to other formulations
probably, because lecithin interacts with the stra-
tum corneum rapidly, disorganises the ordinate
structure (penetration enhancing effect) and keto-
profen may permeate through human skin.

The potentiality of a topical formulation to be
used as a transdermal drug delivery device should
be evaluated not only in terms of carrier capacity
and percutaneous drug adsorption, but also in
terms of tolerability and toxicity of the proposed
formulation. For this reason, the microemulsion
tolerability on healthy human volunteers was
evaluated and compared with that of conven-
tional topical formulations.

In Tables 4 and 5, experiments on human skin
tolerability are reported. Microemulsion formula-
tions showed the highest skin tolerability. It is
interesting to note the higher tolerability of OA-
SL microemulsion with respect to OA aqueous
dispersions containing the same amount of OA.
Also in this case, the incorporation of OA in the
microemulsion structure and the impossibility to

Table 5

strongly perturb the stratum corneum skin lipids
can be the reason for the reduced skin irritation.

Statistic analysis shows a significantly different
tolerability between SL and OA-SL microemul-
sions. This finding may be due to the capacity of
lecithin to enhance the percutaneous permeability
of various components of formulations, including
molecules of oleic acid that may create irritancy in
the skin.

4. Conclusion

The percutaneous absorption of ketoprofen
from topical formulations depends both on the
mean size of the organic phase droplets (disper-
sion degree) and on the vehicle constituents. In
fact, a suitable choice of the components is essen-
tial to minimise the irritancy effect and to deter-
mine an improvement of the percutaneous
permeation of the drug through the stratum
cornecum. SL microemulsions significantly in-
creased the skin percutaneous permeation of keto-
profen with respect to conventional formulations,
i.e. creams and gel. Interestingly, the presence of
oleic acid in the constitution of microemulsions,
as a percutaneous penetration enhancer, seems to
exert no significant effect on the percutaneous
permeation of ketoprofen. These findings on mi-

Human skin irritancy test of various topical formulations after 48 h of treatment

Sample Irritation evidence at 48 h Score®

Number of cases®

Vesicles Edema Erythema Flakiness Dryness Wrinkling  Glazing No visible

reaction

OA 1% - - 6 7 - 1 1 15/30 16.27 +2.89
Ww/O - - - 1 2 2 2 23/30 8.71 +£3.15
o/W - - - 1 1 2 2 24/30 6.17 +1.83
Gel - - - - 2 2 26/30 4.75 +2.06
SL ME - - - - - 2 2 26/30 4.00 +1.83
OA-SL ME - - - 1 1 2 1 25/30 5.60 +2.07

2 The value reported in each column represents the number of subjects who showed the skin reaction symptom.

® Nonparametric variable Kruskal-Wallis test provided: P<0.001 for OA (1% w/w) aqueous dispersion and W/O cream vs. all
other samples; P<0.01 for O/W cream vs. gel and SL microemulsion; P <0.005 for SL microemulsion vs. OA-SL microemulsion.
This value was calculated according to the procedure reported in Section 2.
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croemulsions made up of biocompatible con-
stituents (high percutaneous effect and low human
skin irritation) prompt their use as topical deliv-
ery systems both in pharmaceutical and cosmetic
fields.
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