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Abstract The present work describes the development
and characterization of a nanostructured mesoporous SBA-
15 silica loaded with prednicarbate, a corticosteroid widely
used in the treatment for atopic dermatitis, and the
assessment of its in vitro release profile in comparison with
a conventional cream formulation. The inclusion of pred-
nicarbate in the SBA-15 pores was confirmed by the
respective 24 and 16 % decrease in the surface area (Sggt)
and mesopores volume (V), in combination with supporting
data obtained by thermal analysis (TG and DSC), FTIR
spectroscopy, X-ray diffraction, and elemental analysis.
Additionally, it has been shown through X-ray diffraction
and DSC that the encapsulated molecules remain in an
amorphous state, and the protective function of the loading
was demonstrated through thermogravimetry by the
decrease in the rate of the thermal decomposition reaction
of the drug-loaded material (Amggo_gso -c). Finally, the
HPLC-MS/MS method developed was proven to be pre-
cise and accurate for the determination of prednicarbate in

DX Gabriel Lima Barros de Araujo
gabriel.araujo@usp.br

Departamento de Farmacia, Faculdade de Ciéncias
Farmacéuticas, Universidade de Sdo Paulo, Sdo Paulo, SP,
Brazil

Center for Skin Biology at Stiefel, a GSK company,
Research Triangle Park, NC, USA

Centro de Ciéncia e Tecnologia de Materiais do Instituto de
Pesquisas Energéticas e Nucleares (IPEN), Universidade de
Sao Paulo, Sdao Paulo, SP, Brazil

Departamento de Mineralogia e Geotectonia, Instituto de
Geociéncias, Universidade de Sao Paulo, S3o Paulo, SP,
Brazil

Departamento de Quimica Fundamental, Instituto de
Quimica, Universidade de Sdo Paulo, Sdo Paulo, SP, Brazil

Published online: 08 August 2015

the receiving fluid samples collected during the in vitro
release test using Franz diffusion cells.
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Introduction

Different pharmaceutical platforms have been developed to
obtain modified drug release systems able to overcome
issues related to clinical efficacy, adverse events, and
chemical or physical stability. Mesoporous silica matrices
have been studied for this purpose due to their specific
characteristics: pore size (2-50 nm) and its architecture;
extensive surface area (400-1500 m? g~') and pore vol-
ume (up to 2.2 cm® g~ ') [1, 2]; ability to undergo silanol
functionalization, yielding to a modified host—guest
chemical interaction during adsorption process, as well as
the capacity to better control the drug diffusion profile, a
highly desirable characteristic for drug delivery systems
[1, 3-14]. Previous studies have evaluated the modified
release of a large variety of poorly water-soluble sub-
stances, demonstrating the successful use of SBA-15 as a
carrier material, which is characterized by high surface
area, adequate pore volumes, narrow pore size distribution,
and non-toxic nature [6, 15-19]. Furthermore, the loading
of drugs in mesoporous silica can have a protective effect
on the molecule, resulting in the improvement of its
chemical stability, as observed by Qu and co-workers using
thermogravimetry to evaluate captopril encapsulated in
MCM-41 [20]. Prednicarbate is a non-halogenated corti-
costeroid, double-ester derivative of prednisolone, practi-
cally insoluble in water and with high anti-inflammatory
activity. It has been widely used for the treatment for atopic
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dermatitis in patients whose risk/benefit ratio is high [21],
despite its potential to cause severe adverse events, espe-
cially during chronic use [22-27]. Thus, the development
of a silica-based system for this drug can increase its
chemical stability and provide a better release profile and
minimize its metabolism by the cutaneous esterases,
potentially resulting in a longer therapeutic action and
reduction in the daily dose, and consequently decrease
frequency of adverse events such as skin thinning [25, 28].

In the present work, a pharmaceutically acceptable
procedure to load mesoporous SBA-15 silica with predni-
carbate was described and fully characterized to assess its
influence on drug stability and its release rate when
incorporated in a cream formulation.

Materials and methods
Materials

Prednicarbate (Fig. 1), substance with a molecular mass
and formula of 488.58 g mol™! and C,;H;3¢0s, respec-
tively, 99.9 % of purity, was obtained from Hawon Bio-
chemical Science Co. Ltd. The silica material (SBA-15)
used in the loading process was synthesized according to
Matos et al. [29]. For HPLC-MS/MS analysis, HPLC-
grade acetonitrile obtained from J.T.Baker and LC-MS-
grade formic acid (purity >99 %) obtained from Thermo
Scientific were used. Ethanol (purity >99.5 %, J.T.Baker)
was used to prepare the receiving fluid in the in vitro
release study. Purified water used as component of the
receiving fluid and for chromatographic analysis was
obtained from a Milli-Q Integral Water Purification system
(EMD Millipore). The excipients of the placebo formula-
tion were listed in Neto et al. [21]. The placebo formula-
tion, a cream of low viscosity and white color, was donated
by Stiefel Laboratories Ltd., Brazil.
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Fig. 1 Chemical structure of prednicarbate
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Drug loading and release profile

The loading procedure of SBA-15 with prednicarbate was
carried out by adding 500 mg of the drug in a 250-mL
volumetric flask and filling the volume with ethanol
(99.5 %, J.T.Baker), resulting in a drug concentration of
5 mg mL~". Ethanol was chosen because it is a safe, non-
toxic solvent, in which prednicarbate is readily soluble. An
amount of 500 mg of silica was added into the same vol-
umetric flask to obtain a proportion 1:1 drug/SBA-15
(mass/mass). Afterward, the suspension was brought to
equilibrium under gentle stirring at 25 °C for 24 h [5].
Subsequently, the suspension was centrifuged for 4 min at
4000 rpm. The remaining drug in the supernatant phase
(drug in solution, not incorporated into the SBA-15) was
discarded. The powder obtained (pred/SBA-15 sample)
was then dried at 80 °C for 2 h, and the amount of drug
adsorbed in the SBA-15 was determined by the depletion
method.

After the characterization stage of the drug-loaded silica
(pred/SBA-15), an appropriate amount of this sample was
incorporated into a placebo cream formulation to obtain
0.25 % concentration (mass/mass) of prednicarbate, simi-
larly to the commercial product available [25]. A separate
sample of the same placebo formulation was used to pre-
pare a cream with prednicarbate dissolved in ethanol, also
resulting in a final drug concentration of 0.25 %. Both
semisolid formulations were used in the in vitro release
study, which was performed using Franz diffusion cells
equipped with an autosampler (Microette® Hanson
Research, model 57-6A-S). Recirculating water baths were
set at 32 °C, and 12 Franz diffusion cells, each one with a
dosing area of 1.77 cm? and a volume of 7 mL, were used.
The study protocol followed the Guidance for Industry:
Nonsterile Semisolid Dosage Forms [30]. The diffusion
cells were filled with a receptor medium (continuously
stirred at 300 rpm) of ethanol/water (1:1, v/v), which was
selected to ensure sink conditions throughout the experi-
ment [31-34]. A synthetic hydrophilic polysulfone mem-
brane (TUFFRYN®; 47 mm of diameter and pore size of
0.45 um) was placed on top of each diffusion cell. Six
diffusion cells were dosed with 260 mg of the cream
containing the pred/SBA-15 sample and the other six cells
with the cream containing prednicarbate only. At 0.5, 1, 2,
4,6, 8, 12, 18, and 24 h, an aliquot of 1.0 mL was taken
from the receptor compartment and immediately replen-
ished by the same volume of fresh receiving fluid. The
concentration of prednicarbate in the aliquots was deter-
mined by a validated HPLC-MS/MS method, and the
results were plotted against time in order to characterize
the prednicarbate release profile in both formulations
[35, 36].
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Characterization of the materials

Thermogravimetry (TG) and thermogravimetry derivative
(DTG) curves were obtained with a thermobalance model
TGA-51 (Shimadzu, Japan), using platinum pans with about
25 mg of sample, under air atmosphere (50 mL min~ '), ata
heating rate (f§) of 10 °C min~!, from 25 to 900 °C. Differ-
ential scanning calorimetry (DSC) analysis was carried out
in a DSC-50 cell (Shimadzu), using aluminum pans with
about 2 mg of sample, under dynamic nitrogen (N,) atmo-
sphere (100 mL min~"), heated () at 10 °C min~"' from 25
to 600 °C. The DSC cell was calibrated with indium (melting
point 156.6 °C and AH = 28.7J g~') and zinc (melting
point 419.6 °C and AH = 115.8 J g~ ) standards [37].

FTIR spectra of prednicarbate, SBA-15, and sample
after the loading process (pred/SBA-15) were recorded at
room temperature in the 4000—400 cm ™' range. All mea-
sured samples were dried, and the powders were mixed
with KBr and pressed to a plate for measurement by FTIR
spectroscopy. Carbon, hydrogen, and nitrogen contents
were determined by elemental analysis using a Perk-
inElmer analyzer (Model 2400).

The nitrogen adsorption/desorption isotherms were
obtained with a Micromeritics equipment model ASAP
2010 pore analyzer set at —196.15 °C under continuous
adsorption conditions. The Brunauer—-Emmett—Teller
(BET) method was used to calculate the surface area
(SseT), and the Barrett—Joyner—Halenda (BJH) method was
used to calculate pore size diameter and pore volume dis-
tribution (V).

The surface morphology of the SBA-15 particles was
carried out before and after the loading process by scanning
electronic microscopy (SEM) (JEOL equipment, model
JSM 7401F).

The X-ray diffraction (XRD) patterns were obtained on
a Siemens, model D5000, with tube of Cu Ka, in the range
of 3-65° (20) and 1 s of pass time, using the powder XRD
method.

HPLC-MS/MS conditions

The high-performance liquid chromatography (HPLC)
apparatus used was an 1100 series (Agilent Technologies,
USA) equipped with a G1311A quaternary pump, a
G1315B degasser, a G1313A autosampler, and a G1316A
column thermostat. The HPLC was in tandem with a hybrid
triple quadruple mass spectrometer model AB SCIEX API
4000 QTRAP (AB SCIEX, USA). The validated HPLC-
MS/MS method was adequately sensitive for the analysis
of receiving fluid samples and selective toward prednicar-
bate quantification. Data acquisition and processing were
performed using the software Analyst version 1.4.2. The
reversed-phase chromatographic analysis was performed at

25 °C on a Pursuit 50 mm x 2.0 mm column packed with
5 um C,g particles (Varian, USA). The mobile phase used
was a mixture of water/acetonitrile (2:8, v/v) with 0.1 % of
formic acid, with an isocratic elution at a flow rate of
0.3 mL min~' and injection volume of 5.0 pL. Electro-
spray ionization in positive mode (ESI+) was selected for
the analysis of the compound, with a capillary voltage of
5500 V, desolvation temperature set at 600 °C, and curtain
gas (air) and desolvation gas (nitrogen) flows set, respec-
tively, at 1.38 and 3.35 bar. The declustering potential
(DP) and entrance potential (EP) were, respectively, 51 and
10 V, and the dwell time was 250 ms. Ultrapure nitrogen
was used as a collision gas and set at 6 a.u. The collision
energy (CE) applied was 13 and 17 eV, respectively, for
each multiple reaction monitoring transitions selected
(MRM mode, m/z 489.5 > 471.3, and m/z 489.5 > 381.2).
Calibration curves for quantitative analysis used the tran-
sition m/z 489.5 > 381.2 and were plotted using weighted
(1/x2) linear least squares regression [38, 39]. The collision
cell exit potential (CXP) was 8 and 16 V for each product
ion monitored, respectively, m/z 471.3 and 381.2. The
matrix effect (using placebo solution), linearity, precision,
accuracy, limit of quantification (LOQ), and limit of
detection (LOD) were assessed during the analytical
method validation [34, 40-43].

Results and discussion

Characterization of the materials

The results obtained by thermogravimetry (Fig. 2) of the
sample after the loading process (pred/SBA-15) showed a

mass loss of 5.48 % between 105 and 850 °C, indicating
the presence of adsorbed drug on the silica [44-47].
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Fig. 2 TG curves of SBA-15, pred/SBA-15, and prednicarbate
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The comparative analysis between TG curves (Fig. 2)
demonstrated a decrease in the rate of the thermal
decomposition reaction of the adsorbed drug. Moreover,
the presence of drug in the silica-loaded sample was sug-
gested by an approximated 20 % mass loss observed in the
region where the isolated samples (either SBA-15 or drug
alone) did not show any thermal event (Amgno_gso °c)-
These results can be attributed to the protective function of
the loading in SBA-15 [10, 20].

The comparative assessment of the FTIR spectra
(Fig. 3) and the elemental analysis results (Table 1)
showed the presence of prednicarbate in the sample gen-
erated through the loading process [47]. The 3.1 % of
organic material (carbon percentage) detected in the drug-
loaded sample (Table 1) corresponded to approximately
4.64 % of prednicarbate (mass/mass).

The SBA-15 and prednicarbate spectra (Fig. 3) showed
a stretching band at 3450 cm™', corresponding to vOH
groups. The FTIR spectrum of SBA-15 also showed intense
typical bands around 1100 and 1200 cm™', which are
characteristic of silica, as well as other bands relative to the
bending modes of hydroxyl groups at 1630 cm™' and at
950 cm™ ' characteristic of the vibrations of Si—-OH of
terminal hydroxyl groups (silanols), which have an
important role in the stability of the drug in the matrix. It
was also observed in the SBA-15 spectrum a band at
800 cm ™', corresponding to the bending vibrations of the
Si—0, and another at approximately 470 cm™' related to
the bridging bending modes of the O-Si—O [48].

The FTIR spectrum of pred/SBA-15 sample (Fig. 3)
showed an absorption band assigned to the C=0O group
(vC=0) at 1750 cm ™', characteristic of the ester (C,,) and
carbonate (C,s) groups. The intensification of typical silica
bands between 1300 and 1100 cm ™' region validated the
presence of absorption bands at 1280 and 1083 cm™',
assigned to asymmetric stretching of C-O (v, C-O) in the
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Fig. 3 FTIR spectra of pred/SBA-15, SBA-15, and prednicarbate
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Table 1 Elemental analysis results of the SBA-15 silica, prednicar-
bate, and sample from loading process (pred/SBA-15)

Sample Carbon/% Hydrogen/% Nitrogen/%
SBA-15 0.1 0.4 0.2
Prednicarbate 66.2 7.6 0.1
pred/SBA-15 3.1 1.6 0.1

carbonate group and symmetric stretching of C—O (vy C-0)
in the ester group, respectively. In the same spectrum at
1650 cm™', two absorption bands partially overlapping
were observed at 1629 cm_l, which is characteristic of
silica, and the other at 1652 cm™" assigned to the stretch-
ing C=0 group (vC=0), characteristic of the semiquinone
moiety (C3) of prednicarbate [37]. These observations
combined helped confirming the presence of prednicarbate
in the drug-loaded SBA-15 sample [49].

Figure 4 shows the N, adsorption/desorption isotherms
and pore size distribution of silica type SBA-15 and the
sample obtained through the loading process (pred/SBA-
15). These materials exhibit [IUPAC type IV isotherm with
apparent hysteresis loop between 0.6 and 0.8 of relative
pressure (p/py), indicative of a narrow distribution of
mesoporous in the frameworks and characteristic of a SBA-
15 of good quality [6, 29, 50, 51]. The specific surface area
was evaluated using BET method (Sggr). The pore size
(diameter) and pore volume distribution (V) were also
measured before and after the loading of prednicarbate
using BJH method (Table 2). The Sggr and V values
decreased, respectively, 24 and 16 % as a result of lining
of mesopores by organic drug molecules (Table 2)
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Fig. 4 Nitrogen adsorption/desorption isotherms results of SBA-15
and pred/SBA-15
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Table 2 Structural properties of the silica before (SBA-15) and after loading process (pred/SBA-15)

Sample Particle morphology Particle size/um Pore diameter/nm Sper/m” g~ Viem® g7!
SBA-15 Rod-like 1.0-2.0 10.08 590 091
pred/SBA-15 Rod-like 1.0-2.0 10.08 451 0.76

[12, 47, 49, 52]. However, it was not observed any change
in the silica pore size distribution after the loading process,
suggesting that the drug molecules are packed inside the
pore and not uniformly distributed on the inner surfaces
[5]. These results associated with the observed shift of the
nitrogen isotherm after loading (Fig. 4), originated by the
reduction in total nitrogen amount adsorbed under different
relative pressure values [6], confirm that the drug was
introduced inside the channels of the SBA-15, validating
the prednicarbate encapsulation [8, 20].

The SEM images obtained for SBA-15 before and after
the loading process (Fig. 5) showed similar macrostructure,
with a rod-like morphology and the majority of the particle
sizes ranging from 1.0 to 2.0 um [42, 43]. The XRD pat-
terns of prednicarbate crystals, SBA-15, and pred/SBA-15
samples are displayed in Fig. 6. Diffraction peak charac-
teristics of prednicarbate crystals or other crystalline phase
were not observed for the drug-loaded material, indicating
that no crystallization process occurred to the molecules
adsorbed inside the pores [5, 8, 10, 53]. The DSC curve of
the drug-loaded sample did not display an endothermic

Fig. 5 SEM images of SBA-15 (a, b) and pred/SBA-15 (¢, d) microparticles
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Fig. 6 XRD diffraction patterns (wide angle) obtained from pred/
SBA-15, SBA-15, and prednicarbate

event between 175 and 200 °C, which is the characteristic
of the melting of the drug crystal [21] (Fig. 7); this also
indicated the inexistence of any crystalline drug phase after
the loading process [53].
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Fig. 7 DSC curves of prednicarbate, SBA-15, physical mixture
between prednicarbate and SBA-15 (1:19), and pred/SBA-15

Analytical development and validation
of the HPLC-MS/MS method

The HPLC-MS/MS method was developed and validated
for the quantification of prednicarbate in the receiving fluid
samples collected during the in vitro release test. Mass
spectrum of the prednicarbate solution (50 ng mL™" dis-
solved in receptor medium) was obtained in full scan
positive mode using electrospray ionization (ESI+). A high
abundance positive molecular ion with m/z 489.5 was
observed, indicating the presence of the compound of
interest. The product ion mass spectrum of m/z 489.5
obtained using collision energy (CE) set at 13 and 17 eV
resulted, respectively, in m/z 471.2 and 381.2 as major
fragments, which are consistent with the structure of the
compound. The determination of both transitions by MRM
mode (m/z 489.5 > 471.3 and 489.5 > 381.2) for the
receiving fluid samples confirmed the presence of the
prednicarbate [38, 39]. The calibration curve for HPLC—
MS/MS analysis was plotted for concentrations ranging
from 1.5 to 1380 ng mL~' (standards dissolved in the
receptor medium), using weighted (1/x?) linear least
squares regression, smooth factor of 1.0, and the transition
489.5 > 381.2. The coefficient of determination (Rz) >0.99
indicated a linear correlation between the drug concentra-
tions and their peak areas over a three-log concentration
range, with recovery values (triplicate measurements) for
each concentration between 90 and 110 %. The regression
equation, R”> value, and mass spectra are displayed in
Fig. 8.

The matrix effect was evaluated using a solution of
placebo formulation dissolved in the receiving fluid. It was
not observed any ion suppression or enhancement of the
protonated drug (m/z 489.5) when placebo solution was
injected directly in the ion source in combination with
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Fig. 8 Scan mode mass spectrum and product ion mass spectrum of
prednicarbate molecular ion (m/z 489.5), and calibration curve by
MRM mode (transition 489.5 > 381.2) using HPLC-MS/MS

chromatographic analysis of the prednicarbate solution
[39-41, 43]. The precision and accuracy of the method
were determined by the analysis of three nominal con-
centrations (six replicates per concentration): 10.9, 223,
and 632 ng mL™"'. The accuracy was determined compar-
ing the mean measured concentration with the nominal
values and the precision by relative standard deviation of
the replicates (RSD). The results (Table 3) indicated that
the HPLC-MS/MS method is precise (RSD < 5 %) and
accurate (recovery between 90 and 110 %) for quantitative
determination of prednicarbate in receiving fluid samples.
The LOD value, defined as the sample concentration
resulting in a peak area of three times the noise level, and
the LOQ value, defined as the lowest drug concentration
which can be determined with accuracy and precision,
were, respectively, 0.87 and 1.50 ng mL ™! [34, 42].

Release profile

The in vitro release of prednicarbate, either incorporated
freely in the placebo cream formulation or loaded into
SBA-15, was performed with six replicates of each test
article, using Franz diffusion cells and synthetic polysul-
fone membranes. The drug-loaded silica had approximately
5 % of adsorbed prednicarbate into the SBA-15, meaning
that each diffusion cell was dosed with 648.7 pg of drug
(260 mg of formulation applied), which is equivalent to a
0.25 % concentration [25]. The release profiles of both
semisolid formulations are displayed in Fig. 9, which
shows the cumulative amount of prednicarbate (ng) over
time (h) (Table 4).
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Table 3 Precision and accuracy of the HPLC-MS/MS method for the determination of prednicarbate in the receptor medium (n = 6)

Theoretical concentration/ng mL ™"

Concentration found (mean #+ SD)/mg mL™"

Precision (RSD)/% Accuracy (mean £ SD)/%

10.9 11.3 £ 0.22 1.9 103.0 £ 1.97
223 232 £ 245 1.1 104.1 £ 1.10
632 623 £ 4.67 0.8 98.6 + 0.74
40 - representing around 78 % of the total drug released in the
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Fig. 9 Cumulative release rates of prednicarbate incorporated freely
in the cream formulation (a) and after being loaded into SBA-15 (b)

Table 4 Cumulative amount (ug) of prednicarbate released during
in vitro test (six replicates per time point)

Time/  Prednicarbate incorporated Prednicarbate loaded into
hours  freely (mean £+ SD)/ug SBA-15 (mean 4+ SD)/pg
0.5 6.49 £ 1911 1.10 £ 0.263
1.0 9.02 £ 1.803 1.38 £ 0.215
2.0 15.80 £ 2.362 245 £ 0.587
4.0 21.86 £ 2.299 3.86 £ 0.455
6.0 25.36 £ 2.678 438 & 0.776
8.0 28.17 £ 2.830 4.84 £ 0.818
12.0 31.01 £ 2.779 5.16 & 0.869
18.0 33.29 4+ 2.728 5.41 + 0.815
24.0 36.09 &+ 2.354 5.75 £ 0.731

The lower reproducibility of the results observed in the
first 2 h of the release profile was likely due to the system
reaching its steady state. The comparison of the release
profile of both formulations showed significant difference
(Fig. 9). The cream containing drug loaded in the SBA-15
showed a cumulative amount sixfold lower than the for-
mulation with free drug. The release rate was also lower
during the course of the experiment, demonstrating a
modified release of prednicarbate when loaded in the SBA-
15 [6, 19, 20]. The release rate of drug-loaded in the first
6 h was approximately fourfold higher than the rate from 6
to 24 h. This pronounced difference in the rates,

first 6 h, is attributed to easy dissolution and diffusion of
the drug packed inside the pores and not adsorbed on the
inner surface of them [5, 6]. The large pore sizes of the
SBA-15 (10 nm) might reduce steric diffusion resistance,
contributing also to this faster release rate at the beginning
of the experiment [20]. The presence of a small amount of
prednicarbate adsorbed on the external surfaces of silica
particles may have also contributed to this higher initial
rate of drug release [7]. The very slow release pattern of the
sample containing drug-loaded SBA-15 was observed after
6 h of testing (Fig. 9). This lower release rate can be
attributed to the presence of micropores in the SBA-15
[6, 51], displayed in Fig. 4. A fraction of the micropores
presented in the SBA-15 is associated with the walls of
primary mesopores, resulting in longer diffusion paths for
the drug due to interconnecting channels [29].

According to the results obtained, the loading of the
prednicarbate in SBA-15 provides a better chemical pro-
tection of the substance as well as a controlled release of
the drug [26, 27]. These two characteristics combined have
the potential to increase the clinical efficacy of prednicar-
bate and improve the safety profile of this corticosteroid.

Conclusions

The results demonstrated that prednicarbate can be loaded
into SBA-15 mesoporous silica using ethanol, a safe and
non-toxic solvent, through the process described herein.
The FTIR spectrum of the drug-loaded sample displayed
characteristic absorption bands of prednicarbate, confirm-
ing the presence of this molecule after the loading. The
decrease in the surface area and mesoporous volume
observed in the nitrogen adsorption/desorption isotherms of
the drug-loaded material, associated with the shift observed
in these isotherms and maintenance of the pore size, indi-
cated an efficacious drug encapsulation process into the
SBA-15. These results also suggested a preferred packing
of the molecules inside the pores, instead of uniform
adsorption on the inner surfaces, as described previously.
Thermogravimetric and elemental analysis results con-
firmed each other, suggesting around 5 % of drug content
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in the loaded material. The reduction observed by ther-
mogravimetry in the rate of thermal decomposition reac-
tion of the drug in this material confirmed the protective
function to the loading. Moreover, it has been shown
through X-ray diffraction and DSC that the encapsulated
molecules remain in an amorphous state. The release pro-
file obtained for the drug-loaded SBA-15 has the potential
to reduce the frequency of typical adverse events associ-
ated with this corticosteroid, mainly due to a modified
release rate, as well as an improved chemical protection of
this molecule, with the potential to decrease drug meta-
bolism by cutaneous esterases. In conclusion, the SBA-15
silica proved to be a material with a high potential for the
use in topical formulations as a carrier of poorly water-
soluble drugs of dermatological interest.
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