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Abstract

Sertraline hydrochloride (designated as sertraline from now on) is an antidepressive drug with unpleasant effects in the gastric tract.
Therefore, improved means of delivery allowing for a more controlled and efficient release were looked for. Two different porous mate-
rials, montmorillonite-K10 and MCM-41, were chosen as hosts. The drug was intercalated in the interlayer spacing of the clay by cation
exchange and was loaded inside the MCM-41 channels by pore volume impregnation means. Spectroscopic evidence (UV/vis, FTIR,
powder X-ray diffraction (XRD) and '*C CP/MAS and *°Si CP/MAS and MAS solid-state NMR), as well as elemental analysis, com-
plemented by DFT calculations, demonstrated the presence of sertraline in the composite materials. The release processes were moni-
tored under in vitro conditions using a simulated body fluid. The release profile from the clay is fast, indicating that a concentration
peak is reached in a short period of time, while the release profile from MCM is slower but lasts longer. These differences are discussed

on the basis of different therapeutic indications for both materials.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The drug delivery process is of major importance in
assuring that a certain molecule will arrive without decom-
position or secondary reactions at the right place to per-
form its task with efficiency. The drug is introduced as
part of an inert matrix, from which it should be released
in a controlled way and where it should be distributed uni-
formly. Despite the improvements experienced in the latest
years, better delivery systems are still needed. Nanotech-
nology approaches have been very valuable. Besides poly-
mers, liposomes, cyclodextrins and other matrices used to
circumvent this problem, inorganic micro and mesoporous
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materials based on clays and silica have also been shown to
have adequate, in some cases advantageous characteristics
[1-4].

MCM-41 is a one-dimensional material with ordered
hexagonal channels running in one direction, which belongs
to the M41S family, discovered in 1992 [5,6]. It has been
widely studied owing to many attractive features, including
a stable mesoporous structure, large surface area (usually
>1000 m?/g), narrow pore size distribution, and well-
defined surface properties, and has proved to be very good
for hosting molecules of several sizes, shapes and function-
alities. The functionalized materials have been applied in
many fields, such as, among others, catalysis, adsorption/
sorption, separation, sensing, optically active materials
and are making their entry into drug delivery [7-10].

The clays can be described as two-dimensional materials,
since they are formed by layers of double hydroxides, and
allow the intercalation of other species between them.
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Montmorillonite is a bio-inert clay mineral with fine grain
and large interlayer-planar spacing in the (00 1) plane with
a superior capability to intercalate large molecules into this
space [11]. The interlayer-space depends much on condi-
tions, becoming more open in basic medium, especially at
pH values above 11 [12]. This particular clay has many
known applications in a variety of fields, in a similar way
to MCM-41 described above [13-15]. It has been shown
to exhibit catalytic activity in a wide variety of chemical
processes, such as oxidation of olefins and halo-hydrocar-
bons, hydrocarbon cracking and isomerization [16,17]. This
versatility is tuned by the use of mixed-ion systems, where
some elements, such as Ga, La, Ce, Fe, Mn or Cr, substitute
some of the divalent cations from the lamellar sheets.

In recent years, both materials have started also to be
investigated for their capabilities concerning storage and
delivery of intercalated substances, such as biologically
active drugs, vitamins, amino acids, and mono-oligonucle-
otides [1-4,12]. Also, the interaction between the drugs and
the walls of the materials, within the available space, dis-
rupts the crystalline order of the structure, separating mol-
ecules or ions from one another. These “isolated” species,
also known as the amorphous form [18], are more easily
solubilized by the physiological medium. Besides the higher
dissolution rates of the drugs, the use of mesoporous
microparticles has also contributed to decrease the pH
dependency of drug’s behavior [19].

Sertraline is a new antidepressant drug developed along
with venlafaxine, fluvoxamine, mirtazapine, fluoxetine,
citalopram. It is administered orally and used to treat men-
tal depression, obsessive—compulsive disorder, panic disor-
der, premenstrual dysphoric disorder, post-traumatic stress
disorder, and social anxiety disorder. It is not chemically
related to tricyclic, tetracyclic, or other available antide-
pressant agents and has fewer cardiovascular and anticho-
linergic adverse effects than these, but it is known for
causing adverse secondary effects in the gastric tract
[20-23]. The proposed inorganic supports should behave
as active antacids, as montmorillonite contains magnesium
and aluminium, while MCM-41 has a siliceous matrix, and
silicon may exhibit properties similar to those of alumini-
um. Furthermore the intercalation is considered a new
approach to improve drug solubility and even to decrease
the ulceration side effects of the drug, as it has been recently
described [12,19,24]. Also, the size of the molecule suggests
that it may fit either the pores or the intralamellar gallery
of the materials.

The composite materials prepared have been character-
ized by several spectroscopic techniques and their efficiency
as drug delivery systems evaluated in vitro.

2. Experimental section
2.1. Materials and methods

Starting materials were obtained from commercial
sources and used as received. Sertraline hydrochloride

was obtained from Sigma, and all other reagents, including
montmorillonite-K 10 (hereafter denoted as K10), from
Aldrich Chimica. Solvents were dried by standard proce-
dures — CaH, (methylene chloride and chloroform) — dis-
tilled under nitrogen and kept over 4 A molecular sieves.
Simulated body fluid was prepared following the ionic
composition defined for c-SBF according to Oyane et al.
[25]. Microanalyses were performed at the Elemental Anal-
ysis Service of ITQB. Powder XRD data were collected on
a Phillips PW1710 diffractometer using Cu-Ka radiation
filtered by graphite. TGA studies were performed using a
Perkin-Elmer TGA7 thermobalance system at a heating
rate of 10 K min~" under air. FTIR spectra in transmission
or absorbance modes were measured in the range 400—
4000 cm ™! using 2 cm ™! resolution with a Mattson Satellite
FTIR spectrometer using KBr pellets. 'H and '>C solution
NMR spectra were obtained with a Bruker Avance-400
spectrometer. °Si and '*C solid-state NMR spectra were
recorded at 79.49 and 100.62 MHz, respectively, on a
(9.4 T) Bruker Avance 400 P spectrometer. 2°Si MAS
NMR spectra were recorded with 40° pulses, spinning rates
5.0-5.5 kHz, and 60 s recycle delays. 2°Si CP/MAS NMR
spectra were recorded with 5.5 us "H 90° pulses, 8 ms con-
tact time, a spinning rate of 4.5 kHz, and 4 s recycle delays.
13C CP/MAS NMR spectra were recorded with a 4.5 pus 1H
90° pulse, 2 ms contact time, a spinning rate of 8 kHz, and
4 s recycle delays. Chemical shifts are quoted in ppm from
TMS. '3C spectra were also recorded in the solid state at
125.76 MHz on a Bruker Avance 500 spectrometer.

The controlled release tests were carried out suspending
the composite materials under continuous stirring at the
temperature of 37 4+0.1°C in a simulated body fluid
(SBF), maintaining a ratio of ml SBF/mg sertraline
absorbed equal to 1 and at pH 7.4.

Absorbance measurements were made at regular time
intervals at a selected wavelength (1,,x =275 nm) on a
UV-vis Shimadzu spectrometer with a temperature cell
and stirring. Absorbance measured values were fitted
against a calibration curve based on a Lambert—Beer law.

2.2. Preparation of materials and drug loading

The drug loading described below for the two materials
was found to be reproducible by +5%.

221 MCM-41 (MCM)

This material was synthesized as previously reported
from a gel containing cetyltrimethylammonium bromide,
and a silicate sodium solution [26]. The surfactant was
removed by calcination at 540 °C for 6 h in air. IR (KBr,
v, cm™Y): 3417 (vs, br d), 1631 (m), 1225 (vs), 1082 (vs),
946 (s), 798 (m), 565 (m). ?Si MAS NMR (5 ppm):
—94.7 (Q%), —103.5 (Q?), —109.5 (Q%).

2.2.2. Loading in montmorillonite (K10sert)
The mixture of montmorillonite K-10 (1.0 g) and sertra-
line (500 mg) in dichloromethane (50 mL) was stirred for 3



C.D. Nunes et al. | European Journal of Pharmaceutics and Biopharmaceutics 66 (2007) 357-365 359

days at room temperature under a nitrogen atmosphere.
After filtration, the solid was dried under vacuo during sev-
eral hours. Elemental analysis found (%): C 7.29, N 0.48, H
0.99. IR (KBr, v, cm™1): 3630 (s), 3423 (vs, br d), 2947 (w),
2864 (w), 2712 (vw), 1629 (m), 1471 (w), 1402 (vw), 1229
(vs, br d), 1050 (vs, br d), 925 (s, sh), 795 (m). '*C CP/
MAS NMR (6 ppm): 19.7, 25.5, 29.7, 44.4, 55.5, 129.5,
140.1, 1453. Si MAS NMR (5 ppm): —94.3 (Q?),
—104.0 (Q%), —111.7 (Q%).

2.2.3. Loading in MCM-41 (MCMsert)

Prior to the incorporation of sertraline, physisorbed
water was removed from calcined MCM-41 by heating at
180°C in vacuum (1072Pa) for 2h. The mixture of
MCM-41 (1.0 g) and sertraline (500 mg) in dichlorometh-
ane (50 mL) was stirred for 3 days at room temperature
under nitrogen atmosphere. After filtration, the solid was
dried under vacuo during several hours. Elemental analysis
found (%): C 11.44, N 0.70, H 0.84. IR (KBr, v, cm'):
3643 (s, sh), 3424 (vs, br d), 2966 (w), 2852 (w), 2717
(vw), 1625 (m), 1474 (w), 1401 (vw), 1235 (vs), 1079 (vs),
965 (s), 809 (m). '*C CP/MAS NMR (6 ppm): 19.7, 24.9,
31.1, 45.0, 57.8, 130.0, 140.7, 145.9. *’Si MAS NMR (§
ppm): —92.2 (Q%), —102.4 (Q?), —108.9 (Q%).

2.3. Computational details

DFT [27] calculations were performed on sertraline
hydrochloride using the Gaussian 03 program, rev. B.04.
[28]. Molecular geometry, based on the published crystallo-
graphic structure [29], was fully optimized without any
symmetry constraints at the B3LYP [30] level with the 6-
31G* basis set [31] on all atoms. Frequency calculations
were performed at the same level to confirm the nature
(minimum) of the stationary point determined. NMR
chemical shifts were calculated using the GIAO algorithm
[32] and referenced to TMS (tetramethylsilane).

3. Results and discussion
3.1. Structure and calculations of the drug molecule

Sertraline is isolated as the hydrochloride, cis-(1S,4S)-
N-methyl-4(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-1-naph-
thalenamine hydrochloride, and the structure is represent-
ed in Scheme 1, with the atom numbering scheme. It acts
selectively as an inhibitor of the reuptake of serotonin
(5-hydroxytryptamine, 5-HT) (SSRI).

The structure of sertraline hydrochloride, obtained from
a single crystal X-ray structure determination, is available
[29]. In the crystal, each chloride ion bridges two sertraline
cations through hydrogen bonds, forming chains along the
crystal. Two sertraline cations bridged by one CI™ are
shown in Fig. 1.

DFT calculations were performed on sertraline hydro-
chloride. The geometry was fully optimized, using DFT
calculations (B3LYP/6-31G* in GAUSSIANO03), without
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Scheme 1.

any symmetry constraints, and the vibrational infrared
spectrum and the NMR chemical shifts were evaluated.
The results were mainly used to assign the experimental
spectra of the free compound. The optimized geometry is
also given in Fig. 2, with the indication of the approximate
dimensions of the optimized molecule.

The geometrical parameters of the sertraline cation com-
pare very well with those from the crystallographic X-ray
structure. The same cannot be said about the hydrogen
bonds, because the network existent in the solid was not
totally considered in the calculations. The chloride is only
involved in one N-H- - -Cl bond, instead of two. This will
obviously affect the description. The model will be accept-
able for the intended purpose, namely assigning IR and
NMR spectra, if the hydrogen bonds are not particularly
relevant.

On the other hand, it is expected that sertraline will not
remain as a crystal inside the pores of the materials upon
loading. Instead, the ionic, hydrogen bonds, and other
interactions inside the crystal will be replaced by analogous
interaction between the sertraline cation, chloride, etc., and

Fig. 1. The basic motif of the hydrogen-bond network in the crystal
structure of sertraline hydrochloride.
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Fig. 2. DFT optimized geometry (B3LYP/6-31G*) of sertraline
hydrochloride.

the walls. The cation will probably be a better model for
this amorphous form than the crystal motif.

3.2. Characterization of the materials

Sertraline hydrochloride (sert) was incorporated in
montmorillonite (K10) and in MCM-41 (MCM), as
described in Section 2, affording two composite materials
designated as K10sert and MCMsert.

The FTIR spectra of the host (K10 and MCM) and
loaded (K10sert and MCMsert) materials, as well as the
experimental and calculated vibrational spectra of sert
are collected in Fig. 3.

The spectra of both K10 and MCM host materials are
dominated by the vo_y modes, presenting broad and
intense bands at 3423cm™' (K10) and 3424 cm”!
(MCM). These are assigned to hydrogen-bonded hydroxyl
groups, whereas bands at 3630 cm ™' (K10) and 3643 cm ™'
(MCM) are indicative of free OH groups of the host matri-
ces. Broad and very intense features in the range 1000—

K10 MCM
— -~

PN

Vo e
M ~o UU

v o B

calculated

L ' I Y l il
400 1200 2000 2800 3600 400 1200 2000 2800 3600
Wavenumber / cm™! Wavenumber / cm!

Fig. 3. FTIR of pure sertraline (sert), hosts (K10 and MCM), and
composite materials (K10sert and MCMsert). Also shown is the DFT
calculated infrared spectrum (not corrected).

1200 cm™! are also present. These correspond to vgi o s
modes of the siliceous matrix of MCM and to vaialomH,
val_o_si and vsi_o_si modes of the layers of K10 clay. In par-
ticular, for K10, the bands at 930 cm™' and at 540 cm™'
correspond to the vaial0H> Valo-si modes, respectively,
and are characteristic of the octahedral layer of the clay
[33,34].

Although the spectra of the composite materials MCM-
sert and K10sert are dominated by the bands of the host
material, it is possible to see the presence of sert owing to
small, but relevant, spectral features that offer a positive
identification of the guest. In K10sert, a set of three broad
and very weak bands in the vc_y modes region at
2947 cm™ !, 2864 cm ™!, and 2712 cm ! indicates that sertra-
line is present in the interlayer spacing of the host clay, with-
out dramatic structural changes. Also visible is a pair of
bands at 1472 cm™ ! and 1402 cm ™', assigned to the C-H
bending and C=C stretching modes of the drug molecule.
The corresponding wavenumbers in the experimental IR
spectrum of pure sertraline are found at 2934 cm™',
2884 cm ! and 2698 cm ™! (for ve i modes) and 1464 cm ™!
and 1402 cm™! (for fcy and ve—c modes). DFT eigen-
values (not corrected) for these vibrational modes are esti-
mated to occur at 3201 em™ !, 3091 cm ™' and 2954 cm™! in
what concerns the ve iy modes and at 1519 cm™! and
1451 cm ™! for the ¢y and ve—c modes. This is in very good
agreement with experimental data.

In MCMsert, the bands corresponding to the vc g
modes of loaded sertraline are observed at 2966 cm ™,
2852 cm ™! and 2717 em™!, while the Pc_p and ve=c modes
are evidenced by the presence of bands at 1474 cm ™! and
1401 cm™'. The observation of this pattern indicates that
the drug was successfully loaded inside the pores of the
MCM mesoporous material. The decrease of the shoulder
at ca. 960 cm~! indicates that the Si-OH surface groups
of MCM are interacting with amino groups of sert mole-
cules, as discussed recently by Xia [23]. Comparison
between the observed values found for K10sert and MCM-
sert shows that some bands are shifted. This situation may
be due to the establishment of different types of host—guest
interactions (H-bond, ionic or other) between sertraline
and K10 or MCM. In both cases this may in fact be related
to the different drug release profiles presented by these
composite materials, as will be discussed later.

The XRD powder patterns of all host (K10 and MCM)
and composite (K10sert and MCMsert) materials are
shown in Fig. 4. For comparison, we added the pattern
of pure sertraline and physical mixtures of sert and each
of the host materials. For the montmorillonite system,
most of the characteristic peaks in the two patterns are in
the same position, except the characteristic peak indexed
to the (001) reflection that is observed at 20 =8.7° for
K10 and is shifted to 260 = 4.7° for K10sert.

According to Bragg’s law, peaks shifting from higher
to lower diffraction angles are explained by a d-spacing
increase, which in this case would be from 10.1 A
to 18.6 A upon loading of the drug. Assuming that the
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Fig. 4. XRD powder patterns of host (K10 and MCM), sert, composite
materials (K10sert and MCMsert), and physical mixtures of sert with each
support.

alumino-silicate layer is ca. 4.8 A thick [16], this results in a
gallery increase from 5.3 Ato 138 A upon intercalation of
the drug. According to DFT calculations (see Fig. 2) the
maximum dimension of the sertraline molecule is_ca.
12.5 A. By considering the gallery height to be 13.8 A, it
is possible to estimate the tilt angle of the drug molecules
in the interlayer gallery (« in Scheme 2) as approximately
66°. Taking this value into account, a proposal for the
interlayer arrangement of the drug molecules is shown in
Scheme 2 (not at scale). This arrangement should be taken
with care, as it results from a rough estimation and much
more extensive theoretical work would be required to
obtain a more accurate value.

Considering now the MCM materials (Fig. 4), three
reflections indexed to a hexagonal cell can be observed
for the MCM powder pattern, the first corresponding to
the (100) reflection, the second to (110) and the last to
(200) plane. The value of d for the (100) reflection is
32.6 A, corresponding to a lattice constant of a =37.6 A.
The XRD powder pattern of MCMsert is quite similar to
that of MCM, with the reflections of (100), (110) and
(200) planes, which indicate retention of the long range
hexagonal symmetry. There is a slight attenuation of
XRD peak intensities, that should not be interpreted as a
loss of crystallinity, but, more likely, to a reduction in

-— v
i/“/‘% Z

Wil
cl

125A

@® =Na*

Scheme 2.

the X-ray scattering contrast between the silica wall and
the pore filling material [35,36].

The powder XRD profiles of the physical mixtures of
both K10 and sert, and MCM and sert (Fig. 4) of the mix-
tures differ from those of the composite materials and do
not show any differences when compared to the XRD pow-
der patterns of the bulk parent materials. This is expected
since mixing does not allow a real inclusion of the guest
within either the interlayer spacing of K10 or of the mesop-
ores of MCM.

Fig. 5 shows the TGA analyses to sertraline and all the
materials (host and composite) herein discussed. Both
MCM and K10 host materials show mass losses until
100 °C corresponding to physisorbed water. After this tem-
perature only a small quantity of mass is still lost by both
materials.

The TGA curve of sert shows an almost complete mass
loss reaching ca. 90% in the 190-340 °C temperature range.
This may be ascribed to a severe decomposition of the
drug. Afterwards, there are two further mass losses of,
respectively, 4% and 7% until the final temperature of
800 °C. Given the first abrupt mass loss, no estimation of
how the molecule is degraded can be made.

In what concerns the K10sert composite material the
loss of physisorbed water is also observed until 200 °C.
Afterwards, a two-step mass loss is accomplished by the
material corresponding to the gradual decomposition of
the sertraline molecule. This mass loss reaches ca. 15%, cor-
responding to a 0.05 mol% of sertraline, assuming that all
this weight loss is due to sertraline. In the case of the
MCMsert composite material, the same two-step pattern
is observed at temperatures above 100 °C and matches that
of the K10sert material. This two-step weight loss corre-
sponds to ca. 25% and corresponds to 0.07 mol% of sertra-
line inside the MCM pores. These values — 0.05 mol%
(K10sert) and 0.07 mol% (MCMsert) — agree with those
from elemental analysis, found to be 0.04 mol% and
0.06 mol%, respectively. The observation that mass losses
are observed until ca. 650 °C can be taken as an indication
that the drug is mostly inside either the intragallery spacing
of K10 or the mesopores of MCM materials.

}‘.3100 —“““‘-“‘*—L —— K10
= \ ) ____ K1osert
é 80 MCM
60- MCMsert
40-
20-
sert
0
0 200 400 600 800

Temp./ °C

Fig. 5. TGA profiles of bulk sert drug and the materials K10, K10sert,
MCM, and MCMsert.
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2Si NMR spectra of K10 and K10sert are shown in
Fig. 6, along with those from MCM and MCMsert. For
the clay samples, three resonances are observed at
—94.3 ppm (Q%), —104.0 ppm (Q*) and —111.7 ppm (0.
The species can be assigned to silicon species where the
[SiO4]*~ tetrahedra are surrounded, respectively, by two,
three or four silicon atoms. The other neighboring atoms
can be aluminium or hydrogen. If Al and H are generically
represented as X, the species can be represented as:
0” = (5i0),-Si(0X),, ©Q°=(Si0);-Si+(0OX) and Q%=
(Si0)4-Si [11]. It is expected that X is essentially aluminium
because of the low quality of the ?°Si CP MAS NMR spec-
tra (not shown). In what concerns the MCM and MCMsert
materials, two convoluted resonances are clearly observed
at —102.4 ppm and at —108.9 ppm, assigned to Q° and
0* species, respectively [Q" = SiO4_,Si(OH),]. The signal
assigned to the Q® species has a very weak intensity and
appears at —92.2 ppm.

These results show that loading of sertraline either in the
interlayer spacing of K10 clay or inside the pores of MCM
did not affect to a great extent the structure of the host
materials.

13C NMR of pure sertraline (observed in solution and
DFT calculated) and the solid-state CP MAS of K10sert
and MCMsert appear in Fig. 7.

The calculated chemical shifts compare very well with
the experimental data from the spectrum of pure sertraline,
These resonances at 22.9, 27.6, 44.9 and 56.3 ppm are thus
assigned to the C,, C3, C4 and C, aliphatic carbon atoms of
the fused ring (Scheme 1), and the methyl group (C;;)
appears at 29.5 ppm. The assignment of the resonances of
the aromatic carbon atoms is not as straightforward, with
the exception of C;q and C;; that appear at higher chemical
shifts.

The solid-state spectra from composite materials
K10sert and MCMsert exhibit lower resolution, as expect-
ed. Nevertheless, by comparison with the liquid *C NMR
spectrum of pure sertraline it is possible to identify the
broad and intense resonance at 130 ppm as being due to
the aromatic nuclei of the drug molecule. Also, other fea-
tures at 6 =60 ppm and 50 ppm and a broad signal at
0 =25.0 ppm can be assigned to the remaining aliphatic
cyclic carbon atoms. The methyl group of sertraline is

/—J\b WL
—’—v/.J\‘_JJKm;“ “_/L'
MCMsert

MCM
L] -50 -100 -150 -200 0 -50 -100 -150 -200
&1 ppm 8/ppm

Fig. 6. 2’Si MAS spectra of host materials (K10, MCM) and composite
materials (K10sert and MCMsert).
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Fig. 7. '*C NMR solid-state spectra of host materials (K10, MCM) and
composite materials (K10sert and MCMsert). Also shown is the liquid '°C
NMR spectrum of sertraline together with DFT calculated chemical shifts.
Assignments are based on the DFT calculated results.

observed at ¢ = 35 ppm. These observations indicate the
successful loading of the drug inside the hosts.

3.3. Drug release profiles

Typical drug release profiles for the different types of
investigated materials are plotted in Fig. 8 (the same profiles
containing error bars can be found in Electronic
Supplementary Material — Figure ESI1). The controlled
release tests were carried out suspending the composite
materials under continuous stirring at the temperature of
37 £0.1 °C in a simulated body fluid (SBF), maintaining
a ratio of ml SBF/mg sertraline absorbed equal to 1 and
at pH 7.4. The chosen ratio comprehends a value well below
the estimated thermodynamic solubility (4.24 mg/ml at

100 O K10sert
O MCMsert
90
00000000
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000°
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Fig. 8. Drug release profiles of both composite materials at 37 °C in a
simulated body fluid. The inset shows the release profile on the first 15h
stressing the different initial release profiles.
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pH 6.05), and with a population of the protonated species
of the drug of ca. 97% at pH 7.4 [37]. The measurements
were made at regular time intervals using UV/vis spectros-
copy at a wavelength of 275 nm. The measured values were
then fitted against a calibration curve determined with the
pure sertraline dissolved in SBF (Lambert—Beer law). Since
the ratio of ml SBF/mg sertraline absorbed was initially set
to 1, the 100% mark in Fig. 8 corresponds to the complete
release of sert drug. This means that in a complete release
test a concentration of 1mg sert/ml SBF should be
measured.

The results presented in Fig. 8 show that after a period
of 60 h none of the samples (MCMsert and K10sert) had
completely released the drug. However, longer times did
not help to release higher quantities, as reported recently
in a study concerning gentamicin delivery [24]. This fact
is more significant in the release profile of K10sert, where
the release percentage stayed below 70-80%. This fact
may be explained by the existence of electrostatic interac-
tions between the protonated amino groups of the sertra-
line cations and the anionic groups from the layers of the
K10 clay [3,12]. In the case of the MCMsert sample, the
interaction between host-guest species is mainly by means
of hydrogen bonding between the guest molecule and the
silanol groups at the surface of the host material. There-
fore, the weaker host—guest interactions should contribute
to a more extensive release of the guest in this case. A sim-
ilar situation has already been described previously by Val-
let-Regi and co-workers, while studying MCM-41 loaded
with ibuprofen [2].

The release rate of sertraline from the host matrices was
found to be higher for K10sert than for MCMsert. In par-
ticular, the initial delivery rates (calculated in the first 2 h of
release) were calculated to be 0.7 mgh™! for K10sert and
0.4mgh~' for MCMsert. The calculated rate constants
were determined by fitting the absorbance vs. time data
to Eq. (1):

W, =Wy (1—¢")

where W, and W, are the quantities of sertraline at time ¢
and at the end of reaction, respectively, and k represents
the calculated rate. A simpler linear fit of the initial values
(to t =4 h in the inset of Fig. 8) provided roughly the same
results. K10sert has a higher initial capacity of delivering
the loading to the biological medium and therefore is more
effective in a situation where a rapid peak concentration of
the drug is needed. By contrast, MCMsert is somewhat
slower (rate ca. 40% slower than found for K10sert) in
the initial delivery, but achieves a constant delivery rate.
This can be relevant for situations of long-term treatment,
where a delivery of the drug under continuous rate is
expected.

The fast initial delivery rate has been observed in other
related studies and explained by the authors as part of the
drug being adsorbed outside the material or lying at the
entrance of the pores [24].

4. Conclusions

Sertraline, an antidepressive drug, was loaded in mont-
morillonite, a microporous clay, and MCM-41, a mesopor-
ous material with a hexagonal array of the channels. The
strong bands from the hosts observed in the FTIR spectra
of both composite materials obtained only left a feeble evi-
dence of the presence of the guest. Solid-state *C NMR
results, on the other hand, reveal signals characteristic of
sertraline, thus showing that the integrity of the guest is
maintained upon loading. DFT calculations allowed the
assignment of NMR chemical shifts and vibrational fre-
quencies. Powder XRD patterns show an increase in the
d-spacing when going from K10 to K10sert, required to
accommodate sertraline in the interlayer space, and a
decrease of the peaks’ intensity in MCMsert consistent
with mesoscopic order kept when sertraline occupies the
pores of MCM. These results and solid-state 2°Si NMR
data confirm that the structures of both host materials
are only slightly perturbed by the introduction of
sertraline.

The composite materials behave differently concerning
drug release. K10sert has faster release kinetics, but MCM-
sert delivers higher quantities of sertraline at a slower rate.
Therefore, each material can be more appropriate depend-
ing on requirements. A faster response, as presented by
K10sert, is relevant for situations where high seric concen-
trations must be achieved in a short period of time, whereas
the slower though continued response of MCMsert is more
suitable for long-term treatment situations thus reducing
the need of dose administration. Finally, none of the
drug-loaded materials was able to deliver the total amount
of drug. This may arise from strong interactions between
the drug molecules and the surfaces of the materials, which
are not overcome by interaction with the solvent (low
solubility).
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