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28The ordered mesoporous silicas SBA-15 and KIT-6, modified with lanthanum, have been for the first time
29applied in investigation of ibuprofen adsorption and release. The materials of hexagonal and regular
30structure were obtained by the hydrothermal method using a triblock copolymer Pluronic P123 as a
31template. The mesoporous silicas were impregnated with an aqueous solution of lanthanum(III) chloride
32in the amount necessary to obtain 1, 3 and 5 wt.% La loading. The physicochemical properties of the
33modified silicas were characterised by X-ray diffraction, transmission electron microscopy, UV–Vis spec-
34trophotometry and low-temperature nitrogen sorption. The results showed that lanthanum strongly
35determined structural as well as textural properties of the silicas. The samples of modified silica were
36checked for the ability to adsorb and release of ibuprofen. The storage capacity of the modified silicas
37obtained increased with increasing their average pore diameter and percentage content of lanthanum.
38The amount of ibuprofen adsorbed onto KIT-6 silica modified with La was higher than that adsorbed onto
39SBA-15 materials. The high coverage of lanthanum on the surface of KIT-6 and SBA-15 solids was found to
40increase the amount of ibuprofen and the rate of its release.
41� 2015 Published by Elsevier B.V.
42
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45 1. Introduction

46 Ordered mesoporous silica materials discovered in 1990s have
47 attracted great attention in different scientific fields. They have
48 found applications in catalysis, separation, as sensors [1–3] and
49 in adsorption processes [4,5]. Moreover, in recent years meso-
50 porous silicas have been used for hosting and further delivery of
51 various biomolecules [6–8] and drugs [9–12]. Thanks to their
52 ordered structure, well-defined surface properties, high pore vol-
53 ume (0.6–1.0 cm3/g) and surface area (600–1000 m2/g) high drug
54 loadings can be achieved [13]. It has been reported that both small
55 and large drug molecules can be captured into the mesopores of
56 ordered silica in the impregnation process and released by con-
57 trolled diffusion [14]. One of the model drugs that has been applied
58 in these studies is ibuprofen. It is a non-steroidal
59 anti-inflammatory drug that has been widely used for the treat-
60 ment of inflammation, pain or rheumatism [15]. However, ibupro-
61 fen has a short biological half-life (2 h) [16], therefore it is an
62 appropriate candidate for sustained or controlled drug delivery.

63Several authors have investigated the ibuprofen storage and deliv-
64ery properties of mesoporous silica materials [9,17–20]. It has been
65found that thanks to the suitable pore size and pore volume, meso-
66porous silica materials can be a support for the hosting and release
67of this drug. On the other hand, it has been also reported that the
68drug storage capacity of conventional mesoporous materials is rel-
69atively low, therefore mesoporous materials rich in Si–OH bonds
70could be modified with organosilanes of desirable functionalities
71[12,18,21,22]. A modification of this type can increase the interac-
72tion forces between the drug and the functional groups, therefore
73the drug release can be efficiently controlled. Apart from chemical
74functionalization of the mesopore wall, drug release can be
75fine-tuned by adjusting the pore diameter or by providing nano-
76caps for controlling the timing of the drug release [23]. We suggest
77that the modification of ordered mesoporous silica with lanthanum
78can influence the drug release rate. According to clinical studies,
79lanthanum has no toxic effects and its bioavailability is extremely
80low. The absolute bioavailability of lanthanum in human body is
81less than 0.002%, with the majority of an oral dose being excreted
82in the feces [24]. Furthermore, lanthanum oxide nanoparticles
83(LONP) have been used as a suitable candidate in biomedical appli-
84cations. Samples coated with LONP have been developed as sensors
85of different molecules such as phosphate and glucose. Compounds
86containing lanthanum have been also used for magnetic field

http://dx.doi.org/10.1016/j.ejpb.2015.07.003
0939-6411/� 2015 Published by Elsevier B.V.

⇑ Corresponding author at: Adam Mickiewicz University in Poznań, Faculty of
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fax: +48 61 8296761.

E-mail addresses: nowakiza@amu.edu.pl (I. Nowak), pietrob@amu.edu.pl
(R. Pietrzak).

European Journal of Pharmaceutics and Biopharmaceutics xxx (2015) xxx–xxx

Contents lists available at ScienceDirect

European Journal of Pharmaceutics and Biopharmaceutics

journal homepage: www.elsevier .com/locate /e jpb

EJPB 11990 No. of Pages 9, Model 5G

11 July 2015

Please cite this article in press as: J. Goscianska et al., Ordered mesoporous silica modified with lanthanum for ibuprofen loading and release behaviour,
Eur. J. Pharm. Biopharm. (2015), http://dx.doi.org/10.1016/j.ejpb.2015.07.003

http://dx.doi.org/10.1016/j.ejpb.2015.07.003
mailto:nowakiza@amu.edu.pl
mailto:pietrob@amu.edu.pl
http://dx.doi.org/10.1016/j.ejpb.2015.07.003
http://www.sciencedirect.com/science/journal/09396411
http://www.elsevier.com/locate/ejpb
http://dx.doi.org/10.1016/j.ejpb.2015.07.003


87 controlled targeted drug release [25]. Moreover, lanthanum is also
88 applied in medicine to prevent high blood phosphate levels in dial-
89 ysis patients. The accumulation of lanthanum in the body of dialy-
90 sis patients is negligible, mainly because of its ultra-low
91 gastrointestinal absorption and route of elimination [26].
92 Recently, the novel lanthanum compound has been developed as
93 a promising anticancer drug [27]. Additionally, it has been reported
94 in previous studies that lanthanum incorporated in ordered meso-
95 porous silica increases their thermal stability [28–30]. Therefore,
96 the main aim of this study was to analyse the effect of ordered
97 mesoporous materials such as SBA-15 and KIT-6 modified with
98 lanthanum on the loading and release of ibuprofen. The new mate-
99 rials with different amounts of lanthanum were synthesised and

100 then characterised by various methods such as X-ray diffraction,
101 transmission electron microscopy, laser diffraction, ultraviolet–vis-
102 ible spectrophotometry, N2 sorption analysis. The structural effect
103 of these materials on ibuprofen loading and release has been stud-
104 ied for the first time.

105 2. Material and methods

106 2.1. Sample preparation

107 2.1.1. SBA-15
108 Hexagonal mesoporous silica SBA-15 was prepared by the
109 hydrothermal method described by Zhao et al. [4,31]. The synthesis
110 was performed in polypropylene bottle. The synthesis procedure
111 was as follows. A polypropylene bottle was loaded with 0.5 g of tri-
112 block copolymer Pluronic P123 (BASF) and 19 ml of 1.6 M HCl
113 (Chempur). When the surfactant was dissolved, 1.1 g of tetraethyl
114 orthosilicate (TEOS, Aldrich, 98%) was added dropwise. The final
115 mixture of: 10 g P123: 0.10 mol TEOS: 0.60 mol HCl: 20 mol H2O
116 was stirred at 35 �C for 6 h and then it was placed in an oven for
117 24 h at 35 �C and subsequently for 6 h at 100 �C. The white solid
118 product was filtered without washing and dried at 100 �C for
119 24 h in air oven. Finally, the product was calcined at 550 �C in air
120 to remove the template.

121 2.1.2. KIT-6
122 Cubic mesoporous silica KIT-6 was synthesised as follows: 4.0 g
123 of Pluronic P123 (BASF), 144 g of distilled water and 7.9 g of
124 hydrochloric acid (Chempur, 37%) were placed in a polypropylene
125 bottle [4]. The mixture was stirred for 3 h at 35 �C. After complete
126 dissolution of triblock copolymer, 4.0 g of 1-butanol was added
127 immediately. After 1 h stirring, 8.6 g of TEOS were added to the
128 homogeneous clear solution. The mixture was kept under vigorous
129 and continuous stirring at 35 �C for 24 h. Subsequently, the reac-
130 tion mixture was aged at 100 �C for 24 h under static conditions.
131 The product was filtered without washing and dried at 100 �C for
132 24 h in air oven. Finally, the sample was calcined at 550 �C in air
133 to remove the template.

134 2.1.3. Modification of mesoporous silica with lanthanum(III) chloride
135 Incipient wetness technique was used to impregnate meso-
136 porous silicas SBA-15 and KIT-6 with an aqueous solution of
137 lanthanum(III) chloride (LaCl3, Aldrich) in the amount necessary
138 to obtain 1, 3 or 5 wt.% La loading. The materials were successively
139 dried at 105 �C for 5 h and calcined for 3 h at 400 �C (2 �C/min).

140 2.2. Sample characterisation

141 2.2.1. Powder X-ray diffraction (XRD)
142 All the samples obtained were characterised by powder X-ray
143 diffraction using a D8 Advance Diffractometer made by Bruker
144 with the copper Ka1 radiation (k = 1.5406 Å). The XRD patterns

145were recorded at room temperature with a step size 0.02� in the
146low-angle range and 0.05� in the high-angle range.

1472.2.2. Transmission electron microscopy (TEM)
148For TEM measurements, powdered samples were deposited on
149a grid with a perforated carbon film and transferred to a JEOL
1502000 electron microscope operating at 80 kV.

1512.2.3. Ultraviolet–visible spectrophotometry (UV–Vis)
152UV–Vis spectra were recorded using a Varian-Cary 300 Scan
153UV–Vis spectrophotometer. The ordered mesoporous silicas were
154placed into a cell equipped with a quartz window. The Kubelka–
155Munk function (F(R)) was used to convert reflectance measure-
156ments into equivalent absorption spectra using the reflectance of
157SPECTRALON as reference.

1582.2.4. Nitrogen sorption
159The pore structure of the samples obtained was characterised
160on the basis of low-temperature nitrogen adsorption–desorption
161isotherms measured on a sorptometer Quantachrome Autosorb
162iQ. Prior to adsorption measurements, the samples were degassed
163in vacuum at 300 �C for 2 h. Surface area and pore size distribution
164were calculated by BET (the relative pressure p/p0 range taken into
165account in the BET calculations was 0.006–0.2) and BJH methods,
166respectively. Total pore volume and average pore diameter were
167determined as well.

1682.2.5. Particle size distribution
169Particle size distribution of the obtained materials was mea-
170sured by Mastersizer 2000 (Malvern, UK) equipped with a Hydro
171dispersion unit. A helium–neon laser generating light of
172k = 632.8 nm and a blue semiconductor light source generating
173light of k = 466 nm, used in the particle size analyser, ensured a
174wide range of measurements 0.02 � 2000 lm. The obtained mate-
175rials were dispersed in the surfactant before measurements. The
176refractive index was measured by a refractometer Refracto
17730PX/GS (Mettler Toledo) to be 1.46 and was used to calculate
178the particle size distribution. Then the samples were dispersed in
179distilled water and introduced into the camera optical unit. The
180results were obtained in the form of percentages of d(0.1), d(0.5)
181and d(0.9) which are defined as:

182� d(0.1) (lm) – 10% of the particle distribution is below this value,
183� d(0.5) (lm) – median of particle distribution (50% of the distri-
184bution above this value and 50% below),
185� d(0.9) (lm) – 90% of the particle distribution is below this value.

186The results were also presented by using Sauter mean diameter
187(SMD), D(3,2) which gives information about an average of particle
188size and by volume mean diameter, D(4,3).

1892.3. Ibuprofen loading

190Mesoporous silica materials modified with lanthanum – 1, 3 or
1915 wt.% (0.25 g) were added into 50 ml of IBU (ibuprofen, BASF, USP,
192Ph. E. grade) solution in hexane (35 mg ml�1), followed by stirring
193at room temperature for 72 h in a closed batch to prevent the evap-
194oration of hexane. The loaded materials were then filtered and
195dried for 24 h at 100 �C. The amount of ibuprofen adsorbed was
196calculated by subtracting the amount found in the supernatant liq-
197uid after adsorption from the amount of ibuprofen present before
198addition of the adsorbent, measured by UV absorption at the kmax

199of ibuprofen 272 nm.
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