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Abstract

The influence of complexation of a model drug, dexamethasone acetate (DMA), with b-cyclodextrin (b-CyD) and
hydroxypropyl- b-cyclodextrin (HP-b-CyD) on the in vitro permeation through hairless mouse skin and on skin
metabolism have been investigated. Complexation with CyDs increased the amount of DMA permeated in the order
of 2.0 and 3.0 times for b-CyD and HP-b-CyD, respectively. The partition coefficient, between stratum corneum and
buffer (KSC/buffer), for DMA decreased when the drug was an inclusion complex, being greatest for DMA/HP-b-CyD
complex. Complexation protected the drug against skin metabolism. The increase of skin permeation and stability of
the model drug in the skin suggest that the complexation with b-CyD and HP-b-CyD is a rational way to improve
the physical-chemical properties of drugs for use in transdermal delivery systems. © 2000 Elsevier Science B.V. All
rights reserved.
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1. Introduction

Ideal characteristics of a drug for transporta-
tion across the skin include low interaction with
the skin and no metabolism by the skin. High
lipophilicity and degradation by skin esterases
render many drugs unsuitable for transdermal
delivery (Potts et al., 1989; Singh and Roberts,
1994; Phillips and Michniak, 1995; Bast, 1997).

One potential method of optimizing the efficacy
of drug activity is through the use of rationally
designed drug carrier materials such as cyclodex-
trins (CyDs). They are cyclic oligosaccharides
consisting of six, seven or eight glucopyranose
units, usually referred to as a, b or g-CyD, respec-
tively. The CyD cavity exhibits a hydrophobic
environment, whereas the exterior of the molecule
is hydrophilic. The CDs are capable of forming a
variety of complexes in which guest molecules are
trapped entirely, or at least partially by the hydro-
phobic portion. This entrapment leads to changes
in the physical–chemical properties of the
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molecules (Lemesle-Lamache et al., 1996), which
can improve their molecular stability and
bioavailability. Our previous work, showed that
the complexation of a lipophilic drug (DMA) with
CyDs can increase boths its solubility and stabil-
ity in water (Vianna et al., 1998).

In this work we have investigated the influence
of the complexation of a lipophilic drug, with
CyDs on in vitro permeation and stability to skin
metabolism.

2. Material and methods

2.1. Material

b-cyclodextrin (b-CyD) and hydroxypropyl-b-
cyclodextrin (HP-b-CyD) were obtained from
Roquette. Dexamethasone acetate (DMA), dex-
amethasone (DM) and desonide were obtained
from Sigma Chemical (St Louis, MO). All other
reagents were BDH or HPLC reagent grade. The
HP-b-CyD used in this work had specified degrees
of substitution (number of hydroxypropyl groups
per b-CyD unit) ranging from 3.85 to 4.55.

2.2. Solid inclusion complexes

The solid complexes of DMA/b-CyD and
DMA/HP-b-CyD were obtained by freeze drying
as described previously (Vianna et al., 1998). The
stoichiometric ratio was 1:1 for both complexes.
The solid complexes were kept in a dessicator
over silica-gel prior to use.

2.3. HPLC analysis

Analysis of all samples was performed by a
Shimadsu Instruments HPLC System, model
5000. UV detector at 254 nm. C18 reversed-phase
column 125×4 mm (5 mm), C18 pre-column 4×4
mm (5 mm), Intralab 4290 integrator, and 0.01
AUFS. A methanol:water (60:40) mixture was
used as the mobile phase, at a flux of 1 ml/min
and an injection volume of 20 ml. The extraction
was carried out using chloroform. Desonide in
methanolic solution (200 ng/ml) was used as inter-
nal standard. The retention time for the degraded

product dexamethasone (DM), internal standard
and DMA were 4.3, 5.4 and 6.9 min, respectively.
The assay was linear between concentration of
50–400 ng DMA/ml (r, 0.99) with an injection
variability of B1% for intra-day variation, and
B3% for inter-day variation.

2.4. Partition coefficient stratum corneum buffer
(KSC/buffer)

Stratum corneum (SC) samples were obtained
by floating dorsal full thickness hairless mouse for
14 h on a solution of 0.1% w/v trypsin and 0.5%
w/v sodium bicarbonate at RT; followed by rins-
ing of the SC sheets with distilled water. SC
samples were spread on filter paper and dried by
storage in a desiccator over silica-gel, for at the
most 1 week prior to use.

KSC/buffer was determined by agitating gently SC
samples in isotonic phosphate buffer (pH 7.2)
containing DMA free or complexed at the con-
centration of 1.0 mg/ml in DMA for periods of
time up to 1 h. After allowing to stand, the
supernatant was removed and centrifuged for 10
min at 2000 rev·min−1. The aqueous phase was
assayed by HPLC at time zero (C0) and after
shaking to ensure partition (Ct). The partition
coefficient was KSC/buffer= (C0−Ct)/Ct. It was
found that the values of KSC/buffer were invariant
after an agitation period of 5 min and this time
period was adopted as a standard equilibration
period.

2.5. In 6itro permeation

DMA free or complexed was incorporated into
hydrophilic gels, hydroxyethyl cellulose (2.0% w/
w) in water. Cyclodextrins (b-CyD 1% w/w or
HP-b-CyD 10% w/w) were added in order to
mantain the solubility of DMA. Full-thickness
skin was excised from the abdominal surface of
4–6 weeks old hairless mice HRS/J strain (Jack-
son Laboratories, Bar Harbor, ME) and mounted
in a modified Franz diffusion cell. The available
diffusion area of the diffusion cell was 2.54 cm2.
Receptor phase was isotonic phosphate buffer
(pH 7.2) with 0.5% w/v of polyoxyethylene 20
cetyl ether and 0.01% w/v of thiomersal. 1.5 g of
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the formulations (infinite dose) was placed on the
membrane. Samples from the receptor phase were
withdrawn at predetermined times over a 24 h
period, and the amount of DMA present was
analysed by HPLC. After 24 h, the skin was
removed, cleaned with cotton soaked in methanol,
homogeneized in methanol, filtered, and the
amount of DMA assayed.

Permeation profiles were constructed by plot-
ting the total amount of DMA transported across
the hairless mouse skin (mg/cm2) against time (h).
The flux of the drug across the membrane (J) was
calculated from the slope of the graph and ex-
pressed as mg/cm2·h.

2.6. In 6itro skin metabolism

Hairless mouse skin was homogenized with iso-
tonic phosphate buffer (pH 7.2) using a tissue
homogenizer to suspend all the tissue. Samples
were centrifuged at 3000 rev·min−1 at 4°C for 15
min. Protein concentration of the supematant was
determined using a Bradford dye-binding assay
with g-globulin as the standard protein (Sapan et
al., 1999). The homogenates were adjusted to 2
mg protein/ml for the metabolism studies.

Homogenate supernatant was incubated at
37°C for 10 min before the start of the study. At
time 0 an amount of ethanolic solutions of DMA,
DMA/b-CyD or DMA/HP-b-CyD was added in
order to obtain a final concentration of 2.3 mM in
DMA. Aliquots were removed at appropriate
times and the content of DMA remaining and the
degradation product (DM) were analysed by
HPLC. Controls using phosphate buffer instead
of skin homogenate supernatant were also carried
out.

2.7. Statistics

The values are expressed as mean9S.D. of
mean. Comparisons were made using the
Kruskal–Wallis nonparametric ANOVA test and
post-test Dunn’s multiple comparisions. Differ-
ences were considered significant when P-values
wereB0.05.

3. Results and discussion

Fig. 1 shows the in vitro permeation profiles of
DMA and DMA/CyD complexes through hairless
mouse skin. A linear relationship was obtained
when the total amount of DMA/cm2 in the recep-
tor phase was plotted against time, indicating that
the hairless mouse skin is permeable to DMA and
that the percutaneous transport can be described
by zero order kinetics. Table 1 shows the perme-
ation parameters for free and complexed DMA.

It can be seen that complexation with DMA/b-
CyD and DMA/HP-b-CyD increased the amount
of DMA transfered across the hairless mouse
skin. After 24 h the amount of DMA permeated
was 5.8 mg/cm2 for the DMA alone. However,
when complexed with b-CyD and HP-b-CyD then
15.6 mg/cm2 and 32.0 mg/cm2 were transfered,
respectively. The permeation as measured by the
amount transfered was significantly improved
when complexed with either CyDs (PB0.05). The
flux increased when DMA was in a complexed
form. In other words, the percutaneous absorp-
tion of DMA was improved when it was com-
plexed with CyDs. It is probable that the CyD
increases the DMA flux by increasing drug

Fig. 1. In vitro permeation profile of DMA and complexes
through hairless mouse skin from hydrophilic gels: (	) DMA
free; (
) DMA/b-CyD and (�) DMA/HP-b-CyD.
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Table 1
In vitro percutaneous absorption data of DMA and DMA/CyD complexes through hairless mouse skin after 24 ha

DMA permeated (mg/cm2)bCompound DMA retained (mg/g)cJ (mg/cm2·h−1)

DMA free 5.8 (90.34)0.24 10.1 (90.6)
15.6 (91.1)0.65 1.3 (90.03)DMA/b-CyD
32.0 (92.4) 1.4 (09 .09)DMA/HP-b-CyD 1.29

a Results are expressed as mean9S.D. (n=5); abbreviation: J, flux.
b DMA free versus DMA/b-CyD and DMA/HP-b-CyD significant (PB0.05 and PB0.001, respectively); DMA/b-CyD versus

DMA/HP-b-CyD significant (PB0.05).
c DMA free versus DMA/b-CyD and DMA/HP-b-CyD significant (PB0.01 and PB0.05, respectively); DMA/b-CyD versus

DMA/HP-b-CyD not significant (P\0.05).

availability at the surface of the skin. In addition,
the skin retention decreased for DMA/CyD com-
plexes (PB0.05) in contrast to the enhanced per-
cutaneous absorption. It is interesting to consider
that the HP-b-CyD might also improve cutaneous
drug permeability as a result of the extraction of
lipid from the SC (Bentley et al., 1997). Arima et
al. (1996) have found that the complexation of a
prodrug ethyl-4-biphenylylacetic acid, with CyDs
increased its permeation through hairless mice
skin. In other work, Arima et al. (1998) reported
that pre and post-application of ointment con-
taining HP-b-CyD onto hairless mouse skin did
not affect the skin permeation or the conversion
of prodrug, but the flux of active drug/HP-b-CyD
complex through tape-stripped skin was greater
than through full thickness skin, while the conver-
sion of prodrug in skin was slowed by tape strip-
ping. However, Williams et al. (1996), found that
the pre-treatment of skin with b-CyD and HP-b-
CyD resulted in reduced permeation of toluene
through human SC. In the case of pre-treatment
with CyDs, the drug can have its cutaneous per-
meability increased only if does not form an
inclusion complex (Legendre et al., 1995). It might
be suggested that the method used to assess the
effect of CyDs might influence the skin-drug per-
meation profile (Bentley et al., 1997).

The SC, a multilayered wall-like structure in
which keratin-rich corneocytes are embedded in
an intercellular lipid-rich matrix, is a known per-
meation barrier to the transdermal delivery of
most drugs (Barry et al., 1983). Because the SC is
the first and main barrier for drug permeation
through skin, it is interesting to verify the parti-

tion of drugs. Table 2 shows that the KSC/buffer was
decreased by complexation suggesting that com-
plexation might be decreasing the affinity of
DMA for the SC, probably due to the aqueous
solubility of the drug being enhanced. This de-
crease in Ksc/buffer is in accordance with Másson et
al. (1999), who also predicted decreased partition
coefficient with increasing CyD concentration.
Since passive diffusion is driven by high drug
concentration in the aqueous drug vehicle, the
increase in DMA aqueous solubility can explain
the improvement of the percutaneous absorption
of DMA through the hairless mouse skin by
complexation, being greatest when HP-b-CyD
was the complexing agent.

Metabolism profiles were developed for DMA
free and DMA/CyD complexes in the supernatant
of the homogenate of hairless mouse skin in phos-
phate buffer, at 37°C. Linearity was observed
when log concentration remaining was plotted as
a function of time, indicating that DMA degrada-
tion was first order. Degradation constants (Kobs)

Table 2
Partition coefficient of DMA between hairless mouse SC and
phosphate buffer (KSC/buffer) at 25°Ca

KSC bufferCompound

13.5 (91.10)DMA free
DMA/b-CyD 1.1 (90.06)
DMA/ HP-b-CyD 2.2 (90.12)

a Results are expressed as mean9S.D. (n=5).Statistic-
DMA free versus DMA/b-CyD and DMA/HP-b-CyD signifi-
cant; (PB0.001 and PB0.05, respectively); DMA/b-CyD vs
DMA/HP-b-CyD significant (PB0.05).
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Table 3
Degradation constants (Kobs) and the time for 10% DMA
degradation (t90) at 37°C

Compound Kobs·10−3 T90 at 37°C (min)b

(min−1)a

DMA free 156.9
DMA/b-CyD 4.5 39

4.4DMA/HP-b- 40
CyD

a Obtained from degradation curve.
b t90=2.303/K log C0/C90.

cyclodextrin to affect degradation directly in the
skin must be limited in that most cyclodextrin are
not absorbed from the skin due to their hydro-
phobicity and high molecular weight.
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