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Silica-Alginate Beads for Intestinal Ketoprofen Delivery
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Herein, studies on ketoprofen delivery systems based on silica-alginate beads developed for the drug intestinal
release for reducing its side effects were reported. The influence of surface properties, pore size and geometry of
mesoporous silica carriers on the ketoprofen release kinetics was studied by using pristine and 3-aminopropyl
functionalized MCM 41 (Mobile Composition of Matter) and MCF (mesocellular foam silica) materials. The
ketoprofen loaded mesoporous silica coated with alginate is a pH-triggered system able to slow down the drug
release rate in the targeted environment.
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Many research efforts have been focused on drug deliv-
ery systems (DDS) due to their therapeutic efficiency [1-
4]. Mesoporous silica is intensively studied as carrier in DDS
for its outstanding properties: high specific surface area
and total pore volume providing a good loading capacity of
biologically active molecules, an ordered pore framework
with narrow pore size distribution useful in sustained drug
release and the possibility to modify the silica surface prop-
erties through functionalization in order to tailor the inter-
actions between the support and guest molecules for de-
sired drug delivery kinetics [4-6].

Ketoprofen, an analgesic, antipyretic and non-steroidal
anti-inflammatory therapeutic agent, is orally administrated
three or four times per day in the treatment of rheumatoid
arthritis and osteoarthritis, [7-9] although it has severe side
effects like anorexia, peptic ulceration or bleeding and a
very short half-life, which limit its use [10-12]. In order to
avoid the ketoprofen delivery in stomach and to reduce its
side effects, new pharmaceutical formulations should be
obtained. Attempts were made to develop various
ketoprofen delivery systems, including mesoporous silica
carriers [13]. The hydrophobic pore surface of pristine silica
matrix can interact with ketoprofen molecules only through
van der Waals forces or hydrogen bonding, but the
aminopropyl (APTES) functionalized silica can establish
stronger interactions of acid-base nature (scheme 1).

This was proved in a study focused on the development
of ketoprofen delivery systems based on pristine and 3
aminopropyl functionalized SBA-15 mesoporous silica. The
adsorption of ketoprofen on functionalized SBA-15 matrix,
up to 20 %(wt), was proportional to the amount of
aminopropyl groups bonded on silica. Also, a slower kinet-
ics of drug release from functionalized SBA-15 than from
pristine one in simulated gastric fluid (pH 1.2), acetic buffer

(pH 4.5) and phosphate buffer (pH 8.4) was observed [14].
Silion et al. reported a better gastric tolerance of ketoprofen
by its intercalation into layered double hydroxides, MgAlLDH
and ZnAlLDH, through ionic exchange. In vivo studies on
the analgesic efficacy of ketoprofen intercalated into lay-
ered double hydroxides demonstrated a slightly higher
antinociceptive effect, maintained for longer periods of time
when compared with ketoprofen alone, especially in the
case of MgAlLDH [15]. Another ketoprofen delivery sys-
tem based on hydrophilic, biodegradable poly(vinyl alco-
hol) nanofibers was proposed by Kenawy et al. [16].

Alginate forms two types of gels, depending on pH, one
with high viscosity in acidic solution and an ionotropic
swelled gel in basic medium. Because of this feature and
its ability to entrap different biomolecules it was exploited
as carrier for various therapeutic agents, proteins, cells or
enzymes [17, 18]. Alginate is a natural polysaccharide poly-
mer, isolated from seaweeds, consisting in β-D-
mannuronate and α-L-glucuronate blocks arranged in an
alternating structure [19]. Sodium alginate is soluble in wa-
ter, but the network is stabilized, and alginate beads are
formed in calcium dichloride solution, by crosslinking of
the two type polymer chains with Ca2+ ions [20]. The beads
are insoluble in acidic environment, preventing the release
of loaded therapeutic agent in gastric fluid (pH 1.2) and
allowing the drug to reach the intestinal tract [21]. At higher
pH, in intestinal fluid (pH 7.4), the alginate beads swell and
allow the delivery of loaded biologically active guest mol-
ecules in the intestine [22, 23].

Herein, we report for the first time the development of
ketoprofen delivery systems based on silica-alginate beads
designed to prevent the delivery of therapeutic agent in
gastric fluid and thus to diminish its severe side effects,
such as stomach haemorrhagic lesions.

Scheme. 1. Interactions between ketoprofen and aminopropyl functionalized silica
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Experimental part
Materials

Tetraethylorthosilicate (TEOS, Fluka), 3-aminopropyl
triethoxysilane (98%, Aldrich), hexadecyltrimethyl-ammo-
nium bromide (CTAB, Fluka), ammonia aqueous solution
25% (Scharlau), hydrochloric acid 36.5-38% (Sigma), 1,3,5-
trimethylbenzene (TMB, Sigma-Aldrich), poly(ethylene gly-
col)-block-poly(propylene glycol)-block-poly(ethylene gly-
col), EO20PO70EO20 (Pluronic P123, average molecular
weight 5800, Sigma-Aldrich), toluene (Sigma-Aldrich),
ammonium nitrate (≥ 98%, Sigma-Aldrich) and ketoprofen
(≥ 98%, Sigma) were used as received without further pu-
rification. Ultrapure water (Millipore Direct-Q3 UV water
purification system with Biopack UF cartridge) was used
for all aqueous solutions and in vitro drug delivery experi-
ments. A simulated intestinal body fluid, pH 7.4, was pre-
pared according to literature [24] from 8.035 g sodium chlo-
ride (Sigma-Aldrich), 0.355 g sodium bicarbonate (Sigma-
Aldrich), 0.225 g potassium chloride (Sigma-Aldrich), 0.231
g potassium phosphate dibasic trihydrate (Fluka), 0.311 g
magnesium chloride hexahydrate (Sigma), 39 mL hydro-
chloric acid 1 M, 0.292 g calcium chloride (Sigma Aldrich),
0.072 g sodium sulfate (Sigma), 6.118 g tris(hydroxymethyl)
aminomethane (Sigma-Aldrich) dissolved in 1L of ultrapure
water and used for in vitro experiments.

Synthesis of mesoporous carriers
The synthesis of pristine mesoporous silica, MCM-41 [25]

and MCF (mesocellular foam silica) [26], was performed
according to the methods already reported by our group. In
brief, MCM-41 carrier was obtained in basic aqueous solu-
tion, pH=10, using CTAB as structure directing agent, in a
molar ratio TEOS : CTAB : NH3 : H2O = 1 : 0.147 : 3.19 :
149. After the aging step performed at 40 °C, 24 h, a hydro-
thermal treatment at 150°C, 24 h was applied. The struc-
ture directing agent was removed by extraction in two steps,
the first one in NH4NO3 alcoholic solution and the second
one in 4% HCl ethanolic solution. The pristine MCF material
was obtained in acidic medium by using TEOS as silica
precursor, Pluronic P123 as template and trimethyl ben-
zene as swelling agent, in the molar ratio TEOS : Pluronic
P123 : HCl : TMB : H2O = 1 : 0.016 : 6.21 : 0.432 : 184. The
reaction mixture was aged at 40°C for 20 h, hydrothermally
treated at 105 °C for 24 h under auto generated pressure
and then the recovered and washed solid was calcined in
air, at 550 °C for 6 h.

The functionalized mesoporous silica with 3
aminopropyl groups (samples denoted MCM APTES and
MCF-APTES) were obtained by the post-grafting approach
using MCM 41 and calcined MCF materials as pristine ma-
trices. Firstly, 0.15 g silica particles were dried in vacuum
for 1h at 110°C and then dispersed in 5 mL toluene in an
ultrasound bath at room temperature. Separately, 0.058 mL
3-aminopropyl triethoxysilane were dissolved in 2.5 mL
toluene and added to the silica particles suspension. The
reaction mixture was kept at 50°C for 24 h. The silica
functionalized particles were separated by centrifugation,
sequentially washed with toluene and ethanol and dried in
air at room temperature. The content of 3-aminopropyl
groups linked to the silica pore walls was determined by
thermal analysis (DTA-TG) considering only the weight loss
recorded for temperatures higher than 110°C, as below this
temperature water molecules desorption takes place.

Preparation of drug-loaded materials
The ketoprofen-loaded mesoporous silica carriers with

a drug content of 20% (wt.) (samples labeled keto@carrier)
or 40% (wt.) (samples denoted keto40@carrier) were ob-

tained by incipient wetness impregnation method using a
drug solution in 2-propanol. 80 mg mesoporous support
was contacted with the corresponding volume of
ketoprofen solution (10 mg/mL), homogenized by mixing
and then the suspension was vacuum dried for 12 h.

Preparation of ketoprofen-silica-alginate beads
The ketoprofen-silica-alginate beads were obtained by

ionotropic gelation technique. Into 20 mL sodium alginate
aqueous solution (2% wt), 0.1 g ketoprofen-loaded silica
were slowly added under magnetic stirring (600 rpm), at
room temperature for 0.5 h, to obtain a homogeneous sus-
pension. Then, the resulted suspension was dropped into
40 mL of 3% (wt) calcium chloride aqueous solution, mag-
netically stirred (200 rpm) at 5 °C using a 22 guage needle
connected to the rubber tube of a peristaltic pump (Ismatec
MCP Process) at 2.5 mL/min pumping rate. The resulted
beads were allowed to cure into the gelation medium for
30 minutes and then they were three times washed with
acidic aqueous solution, separated by decantation and dried
in air, at room temperature.

The drug content in ketoprofen-silica-alginate beads was
determined by UV-vis spectroscopy (Shimadzu UV1800
spectrometer) computed as difference between the initial
amount of ketoprofen-loaded into the silica support and
the quantity of therapeutic agent lost in calcium chloride
solution after the beads formation and in washing waters.

In vitro release experiments
The in vitro ketoprofen release experiments from either

mesoporous silica supports or silica-alginate beads were
carried out in ionic phosphate buffer solution (PBS), pH 7.4,
at 37°C and 150 rpm magnetic stirring using a dialysis mem-
brane bag (dialysis tubing cellulose membrane, molecular
weight cut-off 14,000, purchased from Aldrich). All desorp-
tion experiments were performed by immersing, in 90 mL
PBS, the dialysis bag loaded with ketoprofen-silica sample
containing the same amount of the therapeutic agent (10
mg) and 1 mL, PBS, simulating the intestinal fluid. Periodi-
cally, small volumes of the dialyzing fluid were withdrawn,
corresponding diluted with fresh PBS, and analyzed by UV-
Vis spectroscopy in order to compute the released drug
amount.

Materials characterization
The carriers and ketoprofen-loaded mesoporous silica

were investigated through: small- and wide-angle X-ray
diffraction (XRD), FTIR spectroscopy and N2 adsorption-
desorption isotherms. The small- and wide-angle XRD pat-
terns were recorded by using a Rigaku MiniFlex II
diffractometer with Cu-Kα radiation in the rage of 2θ=1.2°-
6.0° and 6°-50°, respectively with a scanning rate of 0.5°/
min. and a step of 0.01°. FTIR spectroscopy was carried out
on a Bruker Tensor 27 spectrometer in the 4000-400 cm-1

wavenumber range (KBr pellets technique). The nitrogen
adsorption-desorption isotherms were measured at liquid
nitrogen temperature on a Quantachrome Autosorb iQ2
surface and porosity analyzer for determining the textural
properties of both carriers and ketoprofen-loaded silica
samples. Before recording the isotherms, all samples were
outgassed 17 h under vacuum. The specific surface area
values, SBET, were calculated by the Brunauer–Emmett–
Teller (BET) method in the 0.1-0.25 relative pressure range
from the isotherms adsorption branch and the total pore
volume was measured at P/P0=0.9900.

The content of aminopropyl groups linked on the silica
pore walls was determined by thermal analysis (DTA–TG)
performed in air, at a heating rate of 10 °C/min from 20 ° to
1000 °C, on a Mettler Toledo GA/SDTA851e equipment. The
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Fig. 1. FTIR spectra of ketoprofen (a), functionalized silica carriers
(b and c) and ketoprofen-loaded silica samples (d-h)

Fig. 2. Small-angle XRD patterns of MCM-41-type silica carriers and
ketoprofen-loaded samples

Fig. 3. Wide-angle XRD patterns of ketoprofen-loaded silica
samples and ketoprofen

ketoprofen-silica alginate beads were characterized by ther-
mal analysis (DTA-TG) performed in the same conditions
as for functionalized silica supports and by scanning elec-
tron microscopy coupled with energy dispersive X-ray spec-
troscopy (SEM-EDX) using Tescan Vega 3 LM electron mi-
croscope.

Results and discussions
Characterization of supports and ketoprofen-loaded
mesoporous silica samples

The influence of mesoporous silica support properties
(pore size and geometry, surface functionalization, the drug
content) on the ketoprofen delivery kinetics was studied.
Ketoprofen-loaded silica was then incorporated into algi-
nate beads and the drug release kinetics from these com-
plex composite carriers into simulated intestinal fluid (pH
7.4) was determined.

For obtaining drug-loaded silica materials, the therapeu-
tic agent was adsorbed into the mesopores of silica-type
carriers by incipient wetness impregnation method. In or-
der to study the influence of pore array geometry, two dif-
ferent pristine silica carriers were used, MCM 41 with an
ordered 1D hexagonal cylindrical pore array, presenting a
pore diameter of 2.8 nm and a total pore volume of 1 cm3/
g, and MCF exhibiting a higher porosity with a total pore
volume up to 3.25 cm-3/g [26] as a result of a continuous
three-dimensional disordered pore framework consisting
of large spherical pores interconnected by smaller windows
[27]. MCF-type silica has the capacity to accommodate a
larger amount of guest molecules into its mesopores than
MCM-41 or SBA-15. Nevertheless, there are only few stud-
ies on MCF silica used as carrier in drug delivery systems,
comparing to MCM-41 and SBA-15, especially for poor-
soluble therapeutic agents [28, 29]. Two aminopropyl
functionalized silica materials, MCM-APTES and MCF-
APTES, with similar content of organic moieties, were also
employed in order to enhance the acid–base interactions
between ketoprofen molecules and silica support. The
aminopropyl groups content, determined from thermo-
gravimetric analysis of functionalized silica samples, was
12%(wt.) and 12.4%(wt.) for MCM-APTES and MCF APTES,
respectively.

The supports and ketoprofen-silica samples were inves-
tigated by small- and wide-angle XRD, FTIR spectroscopy
and N2 adsorption-desorption isotherms. The successful
functionalization of silica carrier with aminopropyl groups
was proved by FTIR spectroscopy, which evidenced   the
characteristic   vibrations of aminopropyl   groups:  3445
cm-1 (νsNH),  1535 cm-1 (δNH2), 1470 cm-1 (δCH2), 2930
cm-1 (νasCH), 2855 cm-1 (νsCH) and 695 cm-1(γCH2) (fig. 1 b
and c) [30]. The small-angle XRD patterns of pristine and
functionalized MCM-41-type silica materials showed an
ordered mesophase with a hexagonal 1D symmetry for
the pore array (fig. 2a and b), while a disordered one being
characteristic for MCF materials [26].

In all FTIR spectra of ketoprofen-silica composites (fig.
1d-h), one can observe the silica bands: asymmetric and
symmetric stretching vibrations of Si-O-Si bonds at 1085
cm-1 and 800 cm-1, respectively, the vibrations of silanol
groups at 960 cm-1, the deformation bands of Si-O at 460
cm-1, the vibrations of physically adsorbed water molecules
at 1650 cm-1 and the stretching vibrations of OH groups
associated through hydrogen bonding in the range of 3200-
3600 cm-1, besides the specific bands of ketoprofen in the
range of 2850-2950 cm-1 attributed to the methylene groups,
1720 cm-1 and 1660 cm-1 assigned to the asymmetric and
symmetric stretching vibration of carboxyl groups (fig. 1a)
[30].

The small-angle XRD of ketoprofen-loaded MCM samples
exhibit the intense (100) and less intense (110) and (200)
Bragg reflections demonstrating the preservation of hex-
agonal mesostructure of MCM-41 supports (fig. 2c and d)
after the drug encapsulation. The diffraction peaks of crys-
talline ketoprofen are not present in the wide angle XRD
patterns of the drug-loaded silica samples (fig. 3), indicat-
ing that the drug molecules were absorbed into the silica
mesopores in amorphous state and crystalline ketoprofen
was not formed on the silica surface.
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Table 1
TEXTURAL

PROPERTIES OF
CARRIERS AND
DRUG-LOADED

SILICA SUPPORTS

Fig. 4. N2 adsorption-desorption isotherms
of MCM-41-type supports and ketoprofen-
loaded silica samples containing MCM-41-

type carriers (A) and their pore size
distribution curves computed with BJH
model from the isotherm desorption

branch

Fig. 5. N2 adsorption-desorption
isotherms of MCF-type supports and
ketoprofen-loaded MCF samples (A)

and their pore size distribution
curves computed with DFT model

The mesoporous silica supports and ketoprofen-loaded
silica materials exhibit type IV N2 adsorption-desorption
isotherms, characteristic for mesoporous materials, com-
pletely reversible for MCM-41-type samples (fig. 4A) and
with a large H1 hysteresis loop for MCF-based materials
because of sharp capillary condensation in the 0.65-0.9
relative pressure range (fig. 5A). The adsorption desorption
isotherms of ketoprofen-loaded silica materials prove the
adsorption of drug molecules into the support mesopores,
their total porosity being lower than that of the correspond-
ing carrier (fig. 4A and fig. 5A). The textural parameters
(specific surface area, SBET, total pore volume, Vpore, and
average pore diameter, d) determined from N2 adsorption-
desorption isotherms for the ketoprofen-loaded silica
samples are shown in table 1 in comparison with silica
carriers. Both 3-aminopropyl functionalized silica supports
present lower specific surface area and average pore di-
ameter than the pristine silica materials from which they
were obtained meaning that the organic moieties are linked
on the internal silica pore walls surface (table 1). Although
the functionalization with aminopropyl groups of silica ma-
terials caused a slight decrease of textural parameter val-
ues, all supports exhibited large porosity required for their
application as vehicles for biologically active molecules.
The samples containing ketoprofen present some porosity,
which diminished with the increase of therapeutic agent

content. The pore size distribution curves and average pore
diameter were calculated using Barrett-Joyner-Halenda
(BJH) method for MCM-41-type samples from the desorp-
tion branch of isotherms (fig. 4B) and DFT model for MCF-
type materials (fig. 5B). One can observe a decrease of the
average pore diameter of drug-loaded materials compared
with that of the corresponding carrier (fig. 5B and 6B) be-
cause of either the ketoprofen adsorption into carrier
mesopores or the interactions between drug molecules
and silica-type support (table 1).

Ketoprofen release profiles from mesoporous silica carri-
ers

The determination of ketoprofen in vitro release profiles
from mesoporous silica carriers was performed in intesti-
nal simulated fluid, saline PBS, pH 7.4, at 37 °C, under con-
stant magnetic stirring using a dialysis membrane. The
ketoprofen dissolution test was carried out in the same
conditions also using a dialysis bag. The drug delivery pro-
files are plotted in figure 6, as drug cumulative release with
respect to the time.

The therapeutic agent exhibited fast release kinetics
from pristine silica carriers in the first hour of experiment,
even faster than its dissolution, in the case of keto@MCF,
followed by a sustained release, more pronounced in the
case of aminopropyl-functionalized silica supports due to
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Fig. 6. Ketoprofen release profiles from
pristine and functionalized silica carriers fitted

with the Weibull function (A) and Higuchi’s
model (B)

Table 2
WEIBULL AND HIGUCHI PARAMETERS OBTAINED BY FITTING THE KETOPROFEN RELEASE DATA FROM SILICA CARRIERS

acid-base interactions (fig. 6). The fast first stage of
ketoprofen release from silica supports, especially for pris-
tine ones, could be explained by the diffusion of drug mol-
ecules, which are more soluble in basic medium in amor-
phous state than as crystals. The second stage of
ketoprofen release is slower when drug molecules, which
are stronger linked on silica surface through acid-base in-
teractions, are gradually delivery in simulated intestinal fluid.
One can observe a lower drug release rate at high amount
of therapeutic agent adsorbed into the mesopores of pris-
tine MCF silica and thus, an optimum drug covering of silica
pores surface is beneficial.

To get more insights on the drug transport mechanism,
different kinetics models were developed [31-36]. The
ketoprofen experimental release data were fitted with good
correlation coefficients, R2

w>0.95, using the Weibull model
(eq. 1), a two parameters exponential function based on
the theory of percolation in both Euclidian and fractal space
(fig. 7A), which is highly applied for the drug dissolution
from different matrices.

m(t)/m(∝ )=1– exp(-atb) (1)

were m(t) represents the cumulative drug release at time
t, m(α) is the total quantity of drug into support mesopores,
a parameter depends on the specific surface area through
which the drug diffusion takes place and b parameter indi-
cates the transport mechanism, a Fickian diffusion in
Euclidian (0.69 < b ≤ 0.75) or fractal spaces (b < 0.69).
table 2 lists the obtained a and b parameters, as well as the
correlation coefficients, R2

w, for the Weibull model. One
can notice that the b parameter values correspond to a
drug Fick’s diffusion in fractal space, being lower than 0.69
[31].

  To evaluate the ketoprofen release rate in the burst stage,
the drug delivery experimental data from the first hour of
the experiments were fitted with the Higuchi’s model: m(t)/
m(∝ )=kH*t1/2, were kH is the rate constant [32] (fig. 7B).

The kH values and the correlation coefficients, R2
H, obtained

for all ketoprofen-loaded silica materials are listed in table
2. The slowest ketoprofen delivery kinetics for the burst
stage of drug release was obtained in the case of MCF-
APTES carrier, followed by MCM-APTES support due to the
acid-base interactions between amino moieties linked on
carrier mesopores surface and ketoprofen carboxyl groups.
In the case of pristine silica support, lower delivery rate of
ketoprofen was noticed for MCM-41E than for MCF, which
could be explained by either a smaller average pore diam-
eter and an ordered pore array or a higher content of silanol
groups as the support was not calcined, unlike MCF carrier.

Characterization of ketoprofen-silica-alginate beads
To prepare drug-silica-alginate beads, keto@MCM-41E

and keto@MCF APTES were chosen, both samples having
20%(wt) drug content. The chosen drug-loaded silica
samples presented the lowest total cumulative release and
the slowest release kinetics among pristine silica and
functionalized silica carriers, respectively. The obtained
ketoprofen-silica-alginate, denoted keto@MCM-alg and
keto@MCF-APTES-alg, were investigated by SEM-EDX and
thermal analysis. The content of ketoprofen, which re-
mained in the silica-alginate beads was determined by
measuring the drug amount delivered in calcium chloride
solution during the beads formation using UV-vis spectros-
copy. About a third of ketoprofen was released from either
MCM-41 or MCF APTES in calcium chloride aqueous solu-
tion, resulting in a drug content of 2.2%(wt) in the alginate
beads.

The SEM investigation of ketoprofen-silica-alginate com-
posites revealed the formation of spherical beads with a
diameter in the range of 0.8 - 1.2 mm (fig. 7). On the beads
surface one can observe the formation of sodium chloride
crystals, though the beads were intensively washed with
ultrapure water (fig. 7). The EDX analysis coupled with SEM
investigation showed that silica particles are inside the al-
ginate beads, calcium ions penetrate the polymer network
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Fig. 7. SEM images of: A) keto@MCM-alg (inset its surface), B)
keto@MCF-APTES-alg (inset its surface), and EDX elemental

mapping of:  C) keto@MCM-alg and D) keto@MCF-APTES-alg beads

Fig. 8. DTA-TG analysis of ketoprofen-silica-alginate beads

Fig. 9. Ketoprofen release profiles from silica-alginate beads fitted
with the Weibull function

and on the alginate surface there are still sodium chloride
crystals.

The DTA-TG analysis of ketoprofen-silica alginate beads
showed thermal decomposition in several steps (fig. 8). In
the temperature range of 20° - 170°C, both-types of beads
lose water from alginate hydrogel and silica mesopores. At
170 °C, alginate begins to decompose, and the process
continues up to 600 °C [37]. Two strong exothermic effects
can be noticed in the 400°-580 °C temperature range on the
DTA curves. The residue mass for keto@MCM alg and
keto@MCF-APTES-alg was 25.6% and 24.5%, respectively,
which consisted of 15.9% (wt) silica and 9.7% (wt) com-
pounds containing calcium and sodium ions for the first
sample and 14% and 10.5% for the second one. Ketoprofen
melts at 97°C, it is stable up to around 170°C and totally
decomposes at 376°C [38, 39]. Because in the silica-algi-
nate beads the content of ketoprofen is low, its thermal
decomposition effect, in the temperature range of 170° -
376 °C, is hard to notice, being overlapped with that of algi-
nate, which is higher in the samples.

Ketoprofen release profiles from silica-alginate beads
The experiments of ketoprofen delivery from silica-algi-

nate beads, carried out in the same conditions as for drug-
loaded silica samples, showed slower kinetics in compari-
son with the ketoprofen-loaded silica carriers. The drug re-
lease experimental data were also fitted with the Weibull
function (fig. 9) with correlation coefficient of 0.977 and
0.954 for keto@MCM-alg sample and keto@MCF-APTES-
alg beads, respectively. The exponential b parameter of the
Weibull function has values of 0.514 and 0.321 for

keto@MCM-alg and keto@MCF-APTES-alg, respectively,
corresponding to a Fickian diffusion of the therapeutic
agent, as in the case of the ketoprofen delivery from silica-
type carriers. For both type of alginate beads, the pre-expo-
nential parameter a of the Weibull function has the same
value of 0.0103, because it depends on the surface through
which ketoprofen diffusion occurs. This can be explained
by the high contribution of alginate which is in large and
similar amount in both type of ketoprofen-loaded silica-
alginate beads. One can notice a higher release rate of
ketoprofen from MCM-alg beads than from MCF-APTES-
alg, the similar trend being also observed for the corre-
sponding ketoprofen loaded silica samples.

Conclusions
Alginate coated mesoporous silica nanoparticles as car-

riers for ketoprofen, an anti-inflammatory drug with severe
side-effects in the gastric tract, were proposed for the first
time. Through avoiding the drug delivery in stomach, a bet-
ter patient compliance would be approached. The
mesoporous silica materials can accommodate sufficient
amount of ketoprofen molecules and by tailoring the sur-
face properties and pore size of mesoporous silica carriers,
the drug delivery can be modulated. For example, a good
efficiency of ketoprofen entrapment into aminopropyl
functionalized silica carriers was obtained, better in the
case of functionalized MCF material than for MCM-41.

By coating the ketoprofen-loaded mesoporous silica
nanoparticles with alginate polymer, the drug release could
be better control, offering the possibility to reach the intes-
tinal tract and thus lowering its side-effects. Consequently,
the silica-alginate beads represent promising carriers for
the ketoprofen.
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