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Abstract

The objective of this study was to investigate the influence of cyclodextrins on the cutaneous availability of the
sunscreen oxybenzone. The interaction between oxybenzone and hydrophilic a-, 5- and y-cyclodextrin derivatives
was studied in water by phase-solubility analysis. Among the available cyclodextrins, hydroxypropyl-f-cyclodextrin
(HP-p-CD) and especially sulfobutylether-f-cyclodextrin (SBE-$-CD) had the greatest solubilizing activity. Etha-
nol-water solutions containing oxybenzone free or complexed with HP-$-CD or SBE-f-CD were applied to human
skin in Franz diffusion cells and the amount of sunscreen permeated into the different cutaneous compartments was
determined by HPLC. As much as 20.5% of the oxybenzone applied dose diffused within the skin tissue after 6 h
application. Between 39.4% and 54.9% of the penetrated UV filter was localized in the stratum corneum, with no
significant difference between uncomplexed oxybenzone or its complex with HP-$-CD. Conversely, the amount
retained in the stratum corneum was markedly decreased (ca. 50%) by complexation with SBE-S-CD. Considerable
quantities of oxybenzone accumulated into the viable epidermis (5.7% of the applied dose) and dermis (6.2% of the
applied dose) from the preparation containing the free UV filter. The sunscreen penetration to the deeper living
layers of the skin was remarkably lower (1.0% and 2.0% of applied dose for epidermis and dermis, respectively)
upon application of the sunscreen complexed with SBE-S-CD, whereas HP-$-CD had no effect. In addition,
photostability experiments demonstrated that SBE-S-CD complexation did not alter the sunscreen photochemical

properties.

Introduction

Protection of human skin against damage by sunlight
UV radiation (290-400 nm) has become a major con-
cern due to accumulating evidence of the harmful effects
of sun exposure including erythema, cutaneous photo-
ageing, immune suppression and skin cancer, the latter
being the most common type of human cancer [1-5]. A
widespread strategy advocated by the health care
authorities to prevent sunlight-induced damage is based
on topical application of sunscreening preparations
[1, 4, 6]. The active ingredients in these formulations
lessen the transmission of the solar energy to the skin by
absorbing, reflecting or scattering the UV radiation
[5-7].

Sunscreen photostability represents an essential
requirement for the evaluation of its efficacy and safety,
since the possible decomposition of the UV absorber
during sunlight exposure not only reduces the expected
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photoprotective power but can also lead to the
accumulation on the skin of harmful degradation
products [6, 8-10]. Another important characteristic
that sunscreens have to fulfil is minimal absorption,
since their permeation will leave the skin unprotected
and increase the risk of phototoxic and photoallergic
reactions [9, 13]. Human skin is a stratified organ
composed of distinct layers which are, from the outside
of the skin inward, the devitalized outer epidermis
(called stratum corneum), the living epidermis and the
dermis. Hence, the topically applied UV filters should be
localized in the outermost part of the stratum corneum
without permeation to deeper viable tissues [5, 11, 12].
However, published studies have shown both in vitro
and in vivo that a number of sunscreen agents penetrate
into human skin [11, 14-16]. In particular, 2-hydroxy-4-
methoxybenzophenone (oxybenzone), one of the most
commonly used UV filters [13, 14, 17] is known to be
systemically absorbed after topical application to
human volunteers and subsequently excreted in the
urine and breast milk [17, 18]. Several strategies have
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been investigated to reduce the skin penetration of the
sunscreen including evaluation of different types of
vehicles [5, 11, 12, 16], increase in the formulation vis-
cosity [19], incorporation of the UV filter in nanoparti-
cles [13, 20] or complexation with cyclodextrins [7, 21].
The latter are torus-shaped cyclic oligosaccharides with
a hydrophilic external surface and a non-polar core.
Cyclodextrins can entrap appropriately sized hydro-
phobic compounds into their cavities, forming
non-covalent inclusion complexes [22, 23]. This com-
plexation process can increase the apparent aqueous
solubility and stability to air and light of the included
substance [22-24]. Moreover, the inclusion of the guest
molecule by cyclodextrins can modify the delivery of
topically applied drugs, either enhancing (through an
increase in the apparent solubility) or decreasing (by the
formation of highly stable inclusion complexes) their
percutaneous absorption [23, 25-27].

Previous investigations of the influence of cyclo-
dextrin complexation on the permeability of oxybenzone
have been carried out using hydroxypropyl-f-cyclo-
dextrin (HP-$-CD) and a synthetic membrane [7] or
mouse skin [21] as cutaneous models. The relevance of
these studies for evaluation of the sunscreen transder-
mal absorption is limited by the poor correlation in
permeation with human skin [11]. Moreover, another
inherent disadvantage is the lack of information on the
skin distribution of oxybenzone, since it is important
to ascertain whether the sunscreen accumulate prefer-
entially in the superficial part of the horny layer
without reaching substantial concentrations in the
more vulnerable living regions of the epidermis and
dermis.

The present study reports on the influence of
cyclodextrins on the penetration of oxybenzone into
and across human skin. In particular, we compared in
vitro the percutaneous absorption and distribution in
the different skin compartments of the UV filter after
its application in the free form or as a complex with
HP-p-CD or the anionic sulfobutylether-$-CD
(SBE-p-CD).

Experimental
Materials

The cyclodextrins used in this study included: HP-f-CD,
hydroxypropyl-a-cyclodextrin (HP-2-CD), hydroxypro-
pyl-y-cyclodextrin (HP-y-CD) by Aldrich and SBE-$-CD
as a gift from CyDex (KS, USA). 2-Hydroxy-4-meth-
oxybenzophenone (oxybenzone; Figure 1) was supplied
by Aldrich (Milwaukee, USA). Bovine serum albumin
(BSA, fraction V) was obtained from Sigma (St. Louis,
MO, USA). Methanol and acetonitrile were high-per-
formance liquid chromatography (HPLC)-grade from
Mallinckrodt (Australia). Ethyl alcohol was purchased
from CSR distillers (Australia). Water was purified by
Milli-Q ultrapure water system (Millipore, USA). All
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Figure 1. Chemical structure of oxybenzone.
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other chemicals were of analytical-reagent grade (BDH
Chemicals, Australia).

High-performance liquid chromatography

The HPLC apparatus comprised a Model LC 1120
pump (GBS, Australia), a Model 7725 injection valve
with a 20 ul sample loop (Rheodyne, Cotati, CA, USA)
and a Model LC 1200 UV-Vis detector (GBS) set at
290 nm. Data acquisition and processing were accom-
plished with a Hewlett-Packard HP 3396A integrator.
Sample injections were effected with a Model 750
syringe (Hamilton, Co.Reno, NE, USA). Separations
were performed on a 5 um Symmetry Ci;g column
(3.9 mm x 150 mm; Waters Corporation, MA, USA)
operated at ambient temperature and eluted with ace-
tonitrile/water (70:30, v/v) at a flow-rate of 1.5 ml/min.
The identity of the sunscreen peak was assigned by
co-chromatography with the authentic standard. Sample
concentration was calculated from peak areas by the
external standard method.

Solubility studies

Solubility analyses were carried out according to Higu-
chi and Connors [28]. An excess amount of oxybenzone
was added to solutions (5 ml) containing increasing
concentrations (0—60 mM) of the examined cyclodext-
rins in water or ethanol-water (30:70, v/v). The samples
were stirred in screw-capped vials at 25 + 1 °C and
shielded from light. After equilibrium was reached
(3 days), the content of each vial was filtered through a
0.45-um membrane filter (Whatman, Clifton, NJ, USA )
and assayed for oxybenzone by HPLC as outlined
above. Data were determined from the mean of at least
three tests. Solubility diagrams were constructed by
plotting the molar concentration of the sunscreen in
solution against the molar concentration of cyclodex-
trin. The stability constant values were calculated with
the following equation:

slope

K=— P
So(1 — slope)

where S, represents the solubility of oxybenzone in the
absence of cyclodextrins and slope is the slope of the
obtained phase solubility diagram.



Preparation of the inclusion complex

The inclusion complexes were prepared at 1:1 and 1:2
molar ratios of oxybenzone to HP-$-CD or SBE-f-CD.
Oxybenzone (114.8 mg, 0.5 mmol) was dissolved in
methanol (3.0 ml) and added to 6 ml of purified water
containing an equimolar or a 2-fold molar quantity of
the corresponding cyclodextrin. The mixture was
maintained under stirring for 24 h at room temperature
and shielded from light. The solvent was then evapo-
rated under vacuum at 40 °C with a rotary evaporator
and the residue was kept in a desiccator until used. The
content of oxybenzone in each complex was determined
by HPLC after proper dilution.

X-ray diffractometry

The powder X-ray diffraction patterns were recorded
using a D 5000 powder diffractometer (Siemens,
Munich, Germany) operated at a voltage of 45 kV and a
current of 25 mA for the generator, with Cu as anode
material. The wavelength of the graphite-monocromat-
ed radiation was 1.5406 A. The diffractograms were
recorded from 3° (20) to 50° (260) at an angular speed of
1° (20) per minute using 1-1-1-0.15° slits.

NMR spectroscopy

"H-NMR spectra were recorded on a Varian Mercury
Plus (400 MHz). Samples were solubilized in C,DsOD-
D,0O (60:40, v/v). Chemical shifts are reported in ppm
() relative to TMS. Typical parameters for the 'H-
NMR spectra were: 0.35 Hz/pt resolution, 18 s relaxa-
tion delay, 90° pulse.

UV spectrophotometry

UV spectra were recorded in ethanol:water (60:40, v/v)
on a UV/VIS/NIR Spectrometer (Lambda 19; Perkin
Elmer, Norwalk, USA).

In vitro percutaneous penetration

Ethical approval for using human skin was granted by
Curtin University Human Research Ethics Committee.
Skin tissues from the breast and abdomen regions of
female subjects aged between 29 and 40, were stored at
—20 °C until needed. After thawing, the subcutaneous
tissue was removed by dissection and the resultant full-
thickness skin cleaned with distilled water, air-dried,
visually selected, cut in small pieces, placed onto
aluminium foil and stored at 4 °C for 24 h before use.
Human epidermal tissue was obtained by heat sepa-
ration (immersion of the skin in water at 60 °C for
3 min) and blunt dissection of full-thickness skin.
Permeation studies were performed using Franz-type
vertical glass diffusion cells with a 1.13-1.23 cm? cross
sectional surface area. The skin was mounted between
the donor and receptor chamber of the diffusion cells.
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The receptor compartment (approx. 3.5 ml) was filled
with a known volume of phosphate-buffered saline
(pH 7.4) with 4% BSA to ensure sink conditions [12].
The receiver medium was maintained at 37 £ 0.1 °C
and stirred with a magnetic bar throughout the
experiment. Following equilibration (1 h) of the skin
and receptor phase, aliquots (1 ml) of filtrated etha-
nol-water (30:70, v/v) solutions containing free or
cyclodextrin complexed oxybenzone, were spread uni-
formly over the epidermal surface in the donor
chamber which was sealed with parafilm to prevent
sample evaporation. The concentration of the UV filter
solutions was around 150 pg/ml. The diffusion studies
were carried out in a light-proof water bath to shield
samples from light. Aliquots (200 ul) from the receptor
phase were withdrawn immediately following vehicle
application (to check the skin barrier integrity) and
after 6 h. Each fraction was replaced with an equal
volume of fresh fluid pre-warmed at 37 °C. At least
eight replicates were used for each series of experi-
ments. Samples from the receptor phase were pro-
cessed by protein precipitation with two volumes of
acetonitrile-methanol (95:5, v/v) and then kept in a
refrigerator for 15 min. After centrifugation (5000 X g
for 15 min), the supernatant was analysed by HPLC as
outlined above.

In vitro human skin distribution

At the end of the permeation experiment, the residual
formulation in the donor compartment was removed
with a micropipette and the skin surface quickly washed
with distilled water three times. The treated area was
then dried gently with cotton swabs. Water aliquots and
all cotton swabs were added to the remaining solution in
the donor for the assay of the non-penetrated sunscreen.
To measure the oxybenzone concentration in the stra-
tum corneum the stripping technique was employed [15].
The skin samples were removed from the Franz cells and
Scotch tape strips (2 mm X 3.5 mm) were applied with a
constant pressure for 5 s and then removed. In order to
strip the stratum corneum uniformly and to minimize
the damage induced to the dermoepidermal junction, the
tapes were applied in four different directions. The
stratum corneum was sequentially stripped up to eight
times and the corresponding tapes were pooled,
extracted with 2 x 2 ml of methanol-acetonitrile (90:10,
v/v) and, after filtration, the resulting solution was
analysed for oxybenzone by HPLC.

Following the stripping of the horny layer, the epi-
dermis was separated from the dermis by heat treatment.
The two skin sections were separately cut into small pieces
and extracted with 2 X 2 ml of acetonitrile-methanol
(95:5, v/v). The resulting samples were filtered for sub-
sequent HPLC determination of the sunscreen content.

Data were analysed for significance by using the
Student’s unpaired ¢-test (Instat, Graphpad Software,
San Diego, CA). p-values < 0.05 were considered
significant.
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Photostability studies

Photolysis experiments were conducted in solution (30%
ethanol in water). A portion (0.5 ml) of the test prepa-
ration containing oxybenzone (150 pg/ml) alone or
complexed with SBE-f-CD, was placed into a quartz
cuvette (2 mm path-length), closed with screw caps and
inserted in the chamber of the solar simulator (Suntest
CPS+; Atlas, Linsengericht, Germany) which was
equipped with a Xenon lamp, an optical filter to cut off
wavelengths shorter than 290 nm and an IR-block filter
to avoid thermal effects. The solar simulator emission
was maintained at 500 W/m?. After the selected irradi-
ation time (2 h), the samples were quantitatively trans-
ferred into 2-ml calibrated flasks with methanol, diluted
to volume and the remaining sunscreen level was
quantified by HPLC, as outlined above. All samples
were protected from light both before and after irradi-
ation. The degree of photodegradation was evaluated by
comparing the peak areas of oxybenzone from the
irradiated samples, with those obtained by analysis of an
equivalent amount of the unirradiated preparations. The
results are the average of 10 experiments.

16

Results and discussion
Interaction between oxybenzone and cyclodextrins

Previous studies of cyclodextrin complexation with
oxybenzone have been restricted to f-CD and HP-$-CD
[7, 21]. Conversely, a systematic evaluation of the
interaction of various cyclodextrins with the sunscreen
agent was carried out in the present work. The highly
hydrophilic hydroxypropylated- (i.e., HP-a-CD, HP-f-
CD, HP-y-CD) and sulfobutylated-(SBE--CD) deriva-
tives were selected, because of the limited aqueous
solubility of native cyclodextrins [22]. Moreover, a
previous report has demonstrated the absence of valu-
able interactions between -CD and the sunscreen agent
[7]. The solubility method was used initially for studying
inclusion complexation of oxybenzone with the exam-
ined cyclodextrins. Figure 2a shows the influence of
HP-4-CD, HP-$-CD, HP-y-CD and SBE-f-CD on the
water solubility of the UV filter. The diagrams obtained
pointed to remarkable variations in the activity of the
different cyclodextrins, the major solubility enhance-
ments being produced by HP-f-CD (540-fold increase)
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Figure 2. Phase-solubility diagrams for oxybenzone with different cyclodextrins at 25 °C in purified water (a) and in 30% ethanol in water (b).
Key: ( ©) HP-2-CD; ( O) HP-y-CD; ( [J) SBE-B-CD; (A) HP-8-CD. Each point represents the mean + S.D. of at least three experiments. The
lines are the regression lines obtained using least squares linear regression analysis.



and especially by SBE-S-CD (1049-fold increase). In
particular, the graphs illustrated in Figure 2a demon-
strated that SBE-S-CD exhibited stronger interactions
with the sunscreen agent than HP-o-CD, HP-y-CD or
the previously adopted HP-$-CD [7, 21]. The superior
solubilizing effect of SBE--CD to the poorly water-
soluble oxybenzone suggests that the hydrophobic butyl
group, close to the cyclodextrin rim, plays an important
role in the inclusion process rather than the ionic sul-
fonate group protruding from the cavity. The apparent
solubility of the UV filter increased linearly (> > 0.99)
as a function of HP-$-CD or SBE-f-CD concentration
(Figure 2a) showing A| -type profiles and suggesting the
formation of complexes of stoichiometry 1:1 [28]. The
stability constants (Kj.;) calculated according to the
method of Higuchi and Connors [28] were
9482 + 119 M™" and 21353 + 531 M™! for the HP-g-
CD/oxybenzone and SBE-f-CD/oxybenzone complex,
respectively.

The interaction between oxybenzone and SBE-f-
CD, which has not been described before, was ascer-
tained in solution also by '"H-NMR spectroscopy. In
order to acquire evidence of complex formation in the
same vehicle used for the in vitro skin penetration
studies, "H-NMR analyses were performed in water—
ethanol mixtures. As NMR is less sensitive than
HPLC, the ethanol concentration in the donor fluid
had to be increased from 30% to 60% (v/v) to achieve
a sufficient solubility of the free UV filter for the
recording of NMR spectra. Table 1 lists the major
changes in the chemical shift values of selected
oxybenzone protons (see Figure 1 for oxybenzone
structure and atom labels) induced by the presence of
SBE-f-CD, other signals present in the spectra being
overlapped between them. Pronounced chemical shift
variations were observed for all detected oxybenzone
peaks (Table 1). Moreover, the H-6 signal was shifted
upfield (negative Ad value) which gave an indication of
the inclusion of this portion of the sunscreen molecule
into the cyclodextrin cavity [29]. These data demon-
strated the occurrence of interactions between
oxybenzone and SBE-f-CD in the 60% (v/v) ethanol in
water solvent system. It is reasonable to assume that
the complex should be even more stable in the donor
vehicle (ethanol-water, 30:70, v/v) owing to the lower
percentage of ethanol present. In fact, in aqueous
solutions the complexation efficiency decreases with
increasing cosolvent concentration [22, 30].

Table 1. "H-NMR chemical shifts for oxybenzone in absence and
presence of SBE-$-CD

Protons 0 free 0 complex AS*

H-6 7.553 7.504 —-0.049
H-3 6.609 6.651 0.042
H-5 6.570 6.611 0.041
OCHj; 3.900 3.927 0.027

AAS_ <
Ad= bwilh cyclodextrin — 50xybenzone alone-
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Powder X-ray diffractometric studies were carried
out to examine the interaction of oxybenzone with SBE-
p-CD on solid-state. The complex was prepared in a
molar ratio of 1:1 and 1:2 (guest:host) by the co-evap-
oration method. As shown in Figure 3, crystalline peaks
corresponding to oxybenzone were present in the dif-
fractogram of the physical mixture (Figure 3a), whereas
the diffraction pattern of the complex with a 1:2 molar
ratio did not show the sunscreen signals (Figure 3b).
This finding demonstrated the amorphous nature of this
co-evaporate, providing evidence of the inclusion of the
sunscreen agent into the SBE-f-CD cavity. In the X-ray
diffraction pattern of the 1:1 (oxybenzone:SBE-f-CD)
complex the main peak (26°) of the UV filter appeared,
though with a low intensity (diffractogram not shown).
This indicates that complexation of oxybenzone is more
efficient when a 2-fold molar quantity of the host is
used. Accordingly, the complexes in a molar ratio of 1:2
were selected for the subsequent studies.

In vitro percutaneous penetration

The influence of HP-$-CD or SBE-$-CD complexation
on the penetration of oxybenzone through excised hu-
man skin was investigated in vitro using Franz diffusion
cells. A finite dose of free or cyclodextrin complexed
(1:2, guest:host) sunscreen agent in ethanol-water
(30:70, v/v) solutions was applied to the skin surface and
the quantity of oxybenzone permeated over a period of
6 h into the different skin layers (stratum corneum,
viable epidermis and dermis) and in the receptor fluid
was measured by HPLC, according to previously
reported and validated procedures [14], with minor
modifications (see Experimental). The recovery values
obtained as sum of the unabsorbed UV filter and the
oxybenzone diffused into each skin compartment were
in the 94.2-98.5% range. For all the examined formu-
lations, the majority (78.1-89.7%) of the applied sun-
screen dose remained on the skin surface at the end of
the experiment. However, a substantial amount of
oxybenzone (19.8% of the applied dose) penetrated into
and through human skin from the preparation
containing the uncomplexed UV filter, 39.4% of the
permeated sunscreen being localized in the stratum
corneum (see Table 2). These results are in agreement
with those reported in earlier studies on human skin
absorption of oxybenzone [13-15, 31]. Moreover, the
data presented in Table 2 indicate that oxybenzone
readily diffuses across the stratum corneum barrier of
human skin. Appreciable levels of sunscreen agent
(12.0% of the applied dose) permeated into the viable
epidermis and the dermis upon application of the
oxybenzone solution without cyclodextrin (Table 2).
The concentration of UV filter measured in the viable
cutaneous tissue is consistent with the values obtained in
previous investigations of in vitro human skin absorp-
tion of oxybenzone from different vehicles [11, 14, 16].
The skin penetration of the sunscreen agent was not
significantly affected by complexation with HP-S-CD
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Figure 3. Powder X-ray diffraction patterns of oxybenzone/SBE-S-CD (1:2) physical mixture (A), oxybenzone/SBE-f-CD (1:2) co-evaporated

complex (B).

(Table 2). Using mouse skin, Felton ez al. [21] demon-
strated that HP-S-CD significantly increased the cuta-
neous retention of oxybenzone, although no
information regarding the sunscreen localization within
the skin was provided. The discrepancy with the results
reported here for the oxybenzone/HP-S-CD complex
(Table 2) may be ascribed to the difference in perme-
ability between animal and human skin. At variance
with the data obtained for HP-f-CD, a marked reduc-
tion (by up to 82.3%) in the quantities of UV filter
retained in the horny layer and diffused into the

epidermal and dermal regions was observed for the
formulation containing the SBE-f-CD complex
(Table 2). The pronounced difference in the degree of
oxybenzone accumulation in the different skin layers
produced by the two examined cyclodextrins, can be
explained in part on the basis of complexation strength
[23, 32] given the higher stability constant value mea-
sured from the solubility curves (Figure 2b) in the donor
vehicle (30% ethanol in water) for the oxybenzone/SBE-
B-CD complex (K;.1, 478 + 27 M) as compared to the
oxybenzone/HP-$-CD system (K., 241 =18 M™").

Table 2. In vitro distribution of oxybenzone in human skin 6 h after topical application of free or complexed sunscreen agent in ethanol-H,O

(30:70, v/v) solutions

Sample Percent of applied dose permeated®

Stratum corneum Epidermis Dermis
Free oxybenzone 7.81+2.99 5.75 £2.19 6.24 + 0.94
HP-B-CD complex (1:2, guest:host) 10.07 + 1.88° 5.19 £ 3.16" 5.22 4+ 3.99"
SBE-p-CD complex (1:2, guest:host) 3.70 £ 1.04° 1.02 £ 0.40° 2.01 +£0.31°¢

“Each value is the mean + S.D. of at least eight determinations.
®Indicates p>0.05 compared to free oxybenzone.
“Indicates p <0.002 compared to free oxybenzone.



Due to the presence of ethanol acting as competing
guest molecule [30], the values for the stability constants
obtained in the donor vehicle are lower than those
measured in 100% water. However, the difference be-
tween the equilibrium complexation constants is not
large enough to account for the remarkable decrease in
the cutaneous availability of the oxybenzone attained by
complexation with SBE-$-CD and hence some other
factors must be involved. In particular, the electrostatic
repulsion between the negative charge present in the
upper skin layers [33] and the polyanionic SBE-S-CD
may play a major role in the uptake of the sunscreen by
the skin, as reported for the percutaneous penetration of
butyl-methoxydibenzoylmethane complexed with SBE-
f-CD [34]. In addition, non-inclusion based processes
may be involved [35]. A number of studies have
demonstrated that addition of an excess amount of
cyclodextrin to the vehicle can lead to decreased drug
absorption through skin [27 and references therein].
However, the use of high cyclodextrins concentrations
has limited practical applicability to finished suncare
products due to the influence on the formulation bulk.

After the 6 h study period, no oxybenzone was
detected in the receptor fluid, this result being supported
by earlier in vitro investigations on the transdermal
absorption of the sunscreen agent [15, 16]. Using excised
human epidermis in Franz diffusion cells, Jiang et al.
[12, 14] have demonstrated that oxybenzone permeated
to the receptor chamber from various solvents and
commercial ~ products.  Additional  experiments
performed on isolated human epidermis, under the
conditions described in the present study, showed that,
in this case, the UV filter did diffuse to the receiver
medium. The percentage of applied dose passed through
the epidermal tissue after 3 and 6 h (Figure 4) was
notably decreased by complexation with SBE-S-CD,
whereas HP--CD did not have any significant effect, in
line with the results obtained with full-thickness skin
(Table 2).
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Photostability studies

Work from our group [10] and from other researchers
[24, 36] has shown that cyclodextrin complexation can
also influence the photochemistry of the included sub-
stance, either enhancing or decreasing its photolability.
Since it is known that oxybenzone is susceptible to some
degradation under sunlight [8, 37], it seemed relevant to
examine the effect of SBE-f-CD also on the stability of
the UV filter during irradiation. The photolysis experi-
ments were carried out on the same vehicle used for the
in vitro penetration studies. Free or complexed oxy-
benzone was exposed to the solar simulator and the
extent of photodegradation was measured by HPLC.
Following irradiation of the solution containing the
uncomplexed sunscreen agent, 2.3 £ 2.2% (n=10) of
the oxybenzone content was lost, in good agreement
with previous investigations [8]. The photo-induced
decomposition of the UV filter was not significantly
altered (p > 0.4) by complexation with SBE-S-CD, the
extent of degradation being 2.9 &+ 2.7% (n=10). More-
over, UV spectrophotometric analysis of oxybenzone
and its complex with SBE-f-CD showed that the
corresponding spectra were almost superimposable
(spectra not shown) and hence complexation doesn’t
modify significantly the UV absorption characteristics
of the sunscreen agent.

Conclusions

The results described in this study demonstrated that,
while maintaining the photochemical properties of the
UV filter, complexation of oxybenzone with SBE-S-CD
markedly reduces its percutaneous penetration thereby
minimizing the sunscreen contact with the living area of
the skin and the potentially associated toxicological
risks. This aspect is particularly important since
commercial sunscreen preparations usually contain high
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Figure 4. Penetration of oxybenzone across human epidermis to the receptor phase from ethanol-water (30:70,v/v) solutions containing free or

complexed sunscreen agent. Data represent mean + S.D. (n=6-8).
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concentrations of the UV filter and are repeatedly
applied to large areas of the skin for extended periods of
time [14, 18]. In addition, by inclusion into the SBE-f-
CD cavity, a more localized distribution of oxybenzone
on the skin surface is attained which should enhance the
sunscreen photoprotective power [16].
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