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Abstract Ordered mesoporous silica, SBA-15, presents
non-toxic nature; high pore volume and high surface area;
thermal, hydrothermal and mechanical stabilities. These
features may enable its use as a carrier for commonly
prescribed drugs in psychiatric practice: citalopram (CIT)
and risperidone (RIS). Thermogravimetry/derivative ther-
mogravimetry (TG/DTG) and ultraviolet and visible
absorption spectrophotometry (UV-Vis) were used to
determine drug quantity into/onto ECIT (CIT encapsulated
into SBA-15), ERIS (RIS encapsulated into SBA-15),
MCIT (mixture of CIT with SBA-15) and MRIS (mixture
of RIS with SBA-15). All materials were characterized
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through: TG/DTG, differential scanning calorimetry, ele-
mental analysis, Fourier transform infrared absorption
spectrophotometry and nitrogen adsorption—desorption. A
general solvent-based method for loading these psychoac-
tive drugs into non-functionalized SBA-15 showed to
retard their liberation in simulated gastric and intestinal
media when compared to physical mixtures performance. It
is expected that the functionalization of this nanostructured
silica may increasingly extend the dissolution of CIT and
RIS after encapsulation process, leading to application in
controlled release systems.

Keywords Drug delivery - Ordered mesoporous silica -
Controlled release - Solvent-based loading

Introduction

Ordered mesoporous silicas have been of great interest
since their discovery in the 1990s [1]. Some of their
applications include catalysis, fixation of biologically
active species, separations and advanced optical [2]. SBA-
15 silica belongs to this large family of materials, pre-
senting high pore volume (up to 2.2 cm® g™ '), high surface
area (up to 1500 m? g~') and thermal, hydrothermal and
mechanical stabilities [3-5].

SBA-15 silica concentrations varying from 200 to
1000 ug mL~" did not alter cell integrity of macrophages
maintained in vitro [6]. Additionally, no differences related
to mass and morphological parameters were observed in
animal models followed up for 1 year after administration
of this nanostructured silica [6]. Furthermore, SBA-15 was
successfully tested in immunological practice as an effec-
tive adjuvant [7].
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Since silica-based drug delivery platforms in controlled
release have been extensively studied [8-11], it was
opportune to apply this technology using different sub-
stances. Citalopram, one of the first selective serotonin
reuptake inhibitors (SSRI) introduced in the market, has
the main clinical use in the treatment of depression [12],
and risperidone is one of the most widely prescribed
antipsychotic medications, used for both acute and long-
term maintenance in schizophrenia [13]. Moreover, these
drugs had already been studied in controlled release but
not using nanostructured silicas [14—16]. Therefore, it is
providential to study the dissolution profile of these psy-
choactive agents from SBA-15 silica matrices because of
the many benefits for patients by taking an oral controlled
release formulation [17, 18], including maintenance of
optimum drug concentration, increased duration of ther-
apeutic effect, improved efficiency of treatment with less
amount of drug, minimized side effects, less frequent
administration and increased patient convenience and
compliance [18].

This study aimed to provide a starting point for evalu-
ating the in vitro release of citalopram and risperidone
encapsulated into non-functionalized SBA-15 in compar-
ison with the performance of physical mixtures.

Materials and methods
Synthesis of ordered mesoporous silica, SBA-15

SBA-15 was synthesized under acid conditions by self-
assembly with triblock copolymer template EO,(PO;0EO,q
[poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene
oxide)]  (Pluronic P123, BASF, Germany) and
tetraethoxysilane (TEOS 98%, Sigma-Aldrich, USA) as
described elsewhere [4].

Encapsulation and physical mixing

To encapsulate citalopram hydrobromide (C,oH2,BrFN,O,
LIBBS, Brazil) and risperidone (C,3H,,FN4O,4, Bios-
intética, Brazil) into SBA-15, samples of silica were added
to citalopram-ethanol and risperidone-methanol solutions
(ca. 1.7 mg of drug per milliliter of solvent) in proportion
1:1 (SBA-15: drug) and stirred for 6 and 24 h, respectively.
These solutions were decanted, and the supernatants were
withdrawn. Remaining materials, named risperidone
encapsulated into SBA-15 (ERIS) and citalopram encap-
sulated into SBA-15 (ECIT), were dried in a stove at 70 °C
for solvents vaporization. Physical mixtures, MCIT and
MRIS, were obtained blending SBA-15 (ca. 91.6%) with
citalopram hydrobromide (ca. 8.4%) and SBA-15 (ca.
93.8%) with risperidone (ca. 6.2%), respectively, by
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geometrical dilution using mortar and pestle. The blends
were gently ground for at least 10 min to assure
homogenization.

Characterization of the materials

Thermogravimetry (TG) and derivative thermogravimetry
(DTG)

Thermogravimetric evaluations were performed on a TGA-
51 thermobalance (Shimadzu, Japan) under dynamic air
atmosphere (50 mL min~'), using platinum pan, at a
heating rate (V) of 10 °C min~' and sample mass ranging
from 10 to 25 mg.

Differential scanning calorimetry (DSC)

Assays were carried out using a DSC-50 cell (Shimadzu,
Japan) with sample mass between 1.70 and 1.75 mg
under dynamic nitrogen atmosphere (100 mL min™"),
using sealed aluminum pans, at a heating rate (Vi) of
10 °C min~".

Nitrogen adsorption—desorption

The N, adsorption—desorption isotherms were obtained at
—196 °C under continuous adsorption conditions, utilizing
an ASAP 2010 volumetric sorption analyzer (Micromerit-
ics, USA). The Brunauer-Emmett-Teller (BET) method
was utilized to calculate the surface area, and the Barrett—
Joyner—Halenda (BJH) method was used to calculate pore
size and volume.

Elemental analysis (EA)

Carbon, nitrogen and hydrogen percentages in the samples
were obtained through a CHN 2400 elemental analyzer
(Perkin-Elmer, USA).

Fourier transform infrared absorption spectrophotometry
(FT-IR)

FT-IR spectra were recorded in KBr dispersion using an
MB 102 FT-IR spectrophotometer (Bomem, USA) at room
temperature in the 400-4000 cm ™' range.

In vitro studies

Dissolution tests were carried out utilizing 500 mL of
media kept at 37 & 0.5 °C. These experiments were con-
ducted in a VK 7025 dissolution tester (Varian, USA). The
drugs were added to mixing vats using United States
Pharmacopeia (USP) Apparatus I, i.e., baskets, and the
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homogenization was assured at a stirring speed of 50 rpm,
under the form of either an encapsulated formulation or as
a physical mixture [19]. Simulated gastric fluid (SGF,
0.1 M HCI, pH = 1.2) and simulated intestinal fluid (SIF,
phosphate buffer, pH = 6.8) were prepared based on USP
XXXI (2008) [20]. SGF and SIF were deaerated by soni-
cation in a USC 1450 ultrasonic bath (Unique, Brazil) for
10 min. Samples of 7 mL were manually withdrawn
between 5 and 90, 5 and 120 or 10 and 120 min from
media and filtered over 0.20 um (Sartorius, Germany) or
0.45 pm (AxyGen Scientific, USA) membrane filters.

Ultraviolet and visible absorption spectrophotometry (UV-
Vis)

The quantification of CIT and RIS in all aliquots from
dissolution experiments was performed by a U-2910 UV-
Vis spectrophotometer (Hitachi, Japan). Either the maxi-
mum wavelengths (4,.x) used for absorbance measure-
ments of CIT and RIS (239 and 280 nm, respectively) or
the standard methods assumed in this section were based
on previously validated procedures [19, 21].

Results and discussion

CIT and RIS were thermally stable until 250 and 240 °C,
respectively, as shown in TG/DTG curves (Figs. 1, 2). The
thermal decomposition of the drugs was initiated above
these temperatures. MCIT contained around 8.7% of CIT
and MRIS contained circa 7.0% of RIS. These contents
were estimated by ultraviolet and visible absorption spec-
trophotometry (UV-Vis). Values of approximately 8.4% of
CIT encapsulated into SBA-15 and 6.1% of RIS encapsu-
lated into SBA-15 were determined by TG/DTG, consid-
ering the mass loss between 200 and 900 °C. TG/DTG was
also adopted for drug quantification as CIT and RIS were
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Fig. 1 TG/DTG curves: SBA-15 (line with space), CIT (line) MCIT
(small line with space) and ECIT (line with small line)
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Fig. 2 TG/DTG curves: SBA-15 (line with space), RIS (line), MRIS
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Fig. 3 DSC curves: SBA-15 (line with space), CIT (line), MCIT
(small line with space) and ECIT (line with small line)
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(small line with space) and ERIS (line with small line)
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not supposed to be completely released from the mesopores
of SBA-15 in aqueous hydrochloric acid solution for UV-
Vis measurements.

CIT showed a melting point at 188 °C and RIS melted at
170 °C as shown in DSC curves (Figs. 3, 4). No melting
peak was observed in DSC curves of ECIT, MCIT, ERIS
and MRIS samples, neither at the bulk melting point, nor at
depressed temperatures. It was hypothesized that the
adsorbed drugs (CIT and RIS) fractions were found to be
noncrystalline [3]. The absence of melting peaks reflects

the noncrystalline state of the confined molecules, and the
absence of bulk melting in physical mixtures reflects a
strong interaction with the silica surface induced by simple
physical blending [3].

Figure 5 shows the N, adsorption—desorption isotherms.
All isotherms were of type IV according to the ITUPAC
classification and showed H1 hysteresis loop which is
dominant in ordered mesoporous materials with uniform
cylindrical pores [22]. The Brunauer-Emmett—Teller
(BET) method was used to evaluate the specific surface
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area (Sggr), and the Barrett—Joyner—Halenda (BJH) method
was utilized to measure the pore diameter distribution. The
textural parameters are shown in Table 1.

Table 1 Textural parameters according to N, adsorption—desorption

Although CIT and RIS have not occupied all the
available space of SBA-15 preparations, N, adsorption—
desorption data demonstrated that ECIT, MCIT, ERIS and
MRIS had reduction in surface area. The decreased values
of Sgpr of ECIT, MCIT, ERIS and MRIS samples, com-

Sample BET surface area/m” g~ BJH pore size/nm  pared with pure SBA-15, may have an explanation in the
SpeT fact that drug molecules occupied these spaces [23]. It is
SBA-15 566.2 6.5 coqcelYable that the 1nterngl and external s1.1rface of the
ECIT 451.6 6.6 cylindrical pores was partlall}f covered' with the .drug
MCIT 4102 6.5 molecules [23]. The po.re size ' remained practically
EIS 4923 6.4 unchagl.ged, anl(li predom.lnan:i ' d%imﬁiter ;)NSa]s) 10 nIln,
MRIS 458.0 6.4 ac.cor ing to the pore size distribution ( ) results
(Fig. 6).
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Elemental analysis (EA) results (Table 2) confirmed that
CIT and RIS were present in the SBA-15 formulations by
remarkable increases of carbon, nitrogen and hydrogen
levels in comparison with pure silica.

The FT-IR spectrum of SBA-15 showed an intense band
at 1089 cm™ ! assigned to silanol groups (Si~OH) that was
observed in the other spectra of silica-drug materials
between 1081 and 1086 cm™'; CIT spectrum presented an

Table 2 Elemental analysis results

Sample C/% H/% N/%

SBA-15 0.41 0.68 0.14
CIT 59.37 5.90 7.06
RIS 67.23 6.30 13.47
ECIT 7.00 1.49 0.45
MCIT 5.77 1.27 0.85
ERIS 5.25 1.74 0.80
MRIS 4.52 1.55 0.88

Transmittance/%

3000 2000 1000
Wavenumber/cm-1

absorption band at 2229 cm™', corresponding to the

stretching of C=N group, also observed in the MCIT and
ECIT spectra between 2234 and 2235 cm ™', respectively;
the spectrum of RIS showed a band at 1650 cm ™' assigned
to the stretching of C=C aromatic ring, likewise observed
in the spectra of MRIS and ERIS between 1637 and
1635 cm ™', respectively. These observations gave support
to confirm the presence of CIT in the samples of ECIT and
MCIT, as well as the presence of RIS in the ERIS and
MRIS samples. No interactions were found using FT-IR for
all materials (Fig. 7).

Dissolution profiles demonstrated that drug unloading
from ECIT and ERIS was slower than from the physical
mixtures MCIT and MRIS in simulated gastrointestinal
medium [Fig. 8—11 (measures are expressed in mean val-
ues, n = 2)].

Dissolution in SGF: The release of CIT from ECIT
reached 83.1% (SD = 0.1%) after 120 min and 90.1%
(SD = 10.2%) from MCIT after 10 min (Fig. 8); the lib-
eration of RIS from ERIS reached 80.7% (SD = 0.3%)

3000 2000 1000
Wavenumber/cm-1

Fig. 7 FT-IR spectra: SBA-15 (a), CIT (b), MCIT (c), ECIT (d), RIS (e), MRIS (f) and ERIS (g)
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Fig. 8 In vitro profiles: ECIT (line with diamond) and MCIT (line
with square) in simulated gastric fluid, pH = 1.2. *ECIT 90 min,
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Fig. 9 In vitro profiles: ERIS (line with diamond) and MRIS (line
with square) in simulated gastric fluid, pH = 1.2

after 90 min, while MRIS released 97.6% (SD = 2.8%) of
RIS after 10 min (Fig. 9).

Dissolution in SIF: The CIT unloading from ECIT
reached 69.1% (SD = 0.8%) after 120 min and 90.8%
(SD = 3.1%) from MCIT as shown in Fig. 10; ERIS
released 31.1% (SD = 1.9%) of RIS after 120 min,
whereas MRIS released 68.2% (SD = 9.0%) of RIS in the
same period of time (Fig. 11).

It was possible to observe oscillations in the dissolution
profiles (Figs. 8—11), in which determined drug liberation
rates were followed by inferior drug releases. These types
of variation have been found in the literature [24-26], and
they may be a subject of further investigation. Besides, an
increase in the sample size is necessary for more accurate
results.

The SGF was more favorable to drug release probably
due to the fact that the synthesis of SBA-15 silica had been
carried out in acid medium. Moreover, the lower dissolu-
tion rates of RIS may be explained by its low solubility:

Fig. 10 In vitro profiles: ECIT (line with diamond) and MCIT (line
with square) in simulated intestinal fluid, pH = 6.8
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Fig. 11 In vitro profiles: ERIS (line with diamond) and MRIS (line
with square) in simulated intestinal fluid, pH = 6.8

RIS is labeled as class II compound according to the
Biopharmaceutics Classification System (BCS); otherwise,
CIT possesses high solubility, BCS class I drug. In addi-
tion, a relatively simple solvent-based method for loading
psychoactive drugs into non-functionalized SBA-15
decreased the liberation of the drugs from ECIT and ERIS
in simulated gastrointestinal medium in comparison with
physical mixtures profiles. The faster drug release from
physical blendings may be explained in terms of the
localization of the drugs fraction: Internally deposited drug
molecules need time to diffuse out the pores [3].

Conclusions

A general solvent-based method utilized for encapsulation
of citalopram and risperidone into SBA-15 silica was able
to retard the drugs liberation. By the way, these findings
demonstrated that the incorporation of functional groups on
the surface of SBA-15 silica is necessary for better control
over loading and release [27]. Functionalized mesoporous
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silica offers promising possibilities for drug delivery as
reported elsewhere [27-29]. Accordingly, there are per-
spectives to optimize the encapsulation process using
functionalized mesoporous silicas (this step includes an
increase of the sample size and an extension of the disso-
lution tests to observe the complete drug unloading) and
also to investigate the therapeutic efficacy of the encap-
sulated drugs. We expect to apply ordered mesoporous
silica SBA-15 in controlled release formulations to
improve patients’ compliance throughout citalopram and
risperidone treatments.
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