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ABSTRACT

A carrier system based on nanoporous silica (SBA-15) with magnetic nanoparticles of CoFe2O4 was synthesized via the 
impregnation of cobalt salt, iron salt and citric acid with as-synthesized SBA-15. The obtained samples were characterized 
by small angle X-ray scattering (SAXS), N2 adsorption/desorption, scanning electron microscopy (SEM), vibrating sample 
magnetometer (VSM) and ultraviolet (UV) spectroscopy.The effect of magnetization on the drug release behavior of SBA-
15 has been studied. Ibuprofen was chosen as a model drug. Drug release studies in simulated body fluid (SBF) at pH 
7.4 showed that after 48 hours, the percentage of drug release through SBA-15 and magnetic SBA-15 could reach up to 
80% and 20%, respectively. The obtained results reveal that the magnetization leads towards significant decrease of the 
drug release rate.
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Design of drug carrier systems (DDS) based on mag-
netic nanoparticles is one of the attractive research field 
because it provides the ability to guiding the drugs to 
the position of interest in the presence of an external 
magnetic field [1]. Among the several matrixes that 
can be used in this area such as polymer micelles [2, 
3] and lipid vesicles [4], highly ordered mesoporous 
silica materials have gained considerable attention for 
following properties: high surface areas, tunable pore 
sizes and volumes, and well-defined surface properties 
for modification [5-7]. Up to now, the research relating 

to the application of magnetic mesoporous silica ma-
terials as carriers for drug delivery has been reported 
by many groups [8-14]. Synthesis of spherical silica-
based mesoporous materials encapsulating magnetic 
Fe2O3 nanoparticles and investigation of their potential 
for drug targeting were described by Vallet-Regi et al. 
[9]. Hyeon’s group reported using uniform mesoporous 
silica spheres embedded with magnetic nanocrystalsas 
magnetic fluorescent delivery vehicles [10].

The aim of this work is the synthesis of magnetically 
functionalized SBA-15 with CoFe2O4 nanoparticles 
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and study of its potential application as carrier in drug 
delivery system. Ibuprofen (IBU) was chosen as a 
model drug to evaluate the storage capacity and de-
livery profiles of the non-modified and magnetically 
functionalized SBA-15.

2. EXPERIMENTAL

2.1. Materials
Poly (ethylene glycol) block poly (propylene glycol) 
block poly (ethylene glycol), P123, (EO20PO70EO20, 
MW= 5800 g/mol) was purchased from Aldrich. Tetra-
ethyl orthosilicate (TEOS), hydrochloric acid (37%), 
cobalt (II) nitrate hexahydrate, iron (III) chloride 
hexahydrate, citric acid and n-hexanewere obtained 
from Merck.Ibuprofen was purchased from Sigma-
Aldrich. All chemical reagents were used without fur-
ther purification.

2.1.1. Characterization
Small angle X-ray scattering (SAXS) patterns were 
recorded with a model Hecus S3-MICROpix SAXS 
diffractometer with a one-dimensional PSD detector 
using Cu Kα radiation (50 kV, 1mA) at wavelength 
1.54 Å. The scanning electron microscopy (SEM) im-
ages were obtained on Oxford LEO 1455V STEM 
and Philips EM-208 100 KV, respectively. The N2 ad-
sorption/desorption measurements were conducted at 
liquid nitrogen temperature (77 K) using BELSORP-
mini II. The specific surface areas were measured 
using multiple point Brunaure-Emmett-Teller (BET) 
method. The pore size distributions were calculated 
using desorption branches of the isotherms by Barrett-
Joyner-Halenda (BJH) method. The magnetic proper-
ties of sample were measured by MeghnatisDaghigh-
Kavir Co., vibrating sample magnetometer (VSM) at 
room temperature. The ultraviolet (UV) absorption 
spectra were obtained using a Raylight, UV 1600 
spectrophotometer.

2.2. Methods
2.2.1. Synthesis of SBA-15
Mesoporous silica SBA-15 was synthesized according 
to the procedure that described in our previous work 
[15]. In a typical synthesis, 4 g of nonionic triblock 

copolymer (PluronicP123) was dissolved in the mix-
ture of deionized water (30 g) and hydrochloric acid 
(120 g, 2M). 8.54 g of TEOS was added to the ho-
mogeneous solution under stirring. The produced gel 
was aged at 40°C for 24 h and heated to 100°C for  
48 h. The solid product was obtained after filtration 
and then calcination at 600°C for 6 h.

2.2.2. Preparation of magnetically functionalized SBA-15 
The magnetically functionalized SBA-15 was pre-
pared by the procedure reported in the literature [16]. 
1 g of as-synthesized SBA-15 was dispersed into 20 
mL of anhydrous ethanol, followed by addition of 
cobalt salt (Co(NO3)2.6H2O), iron salt (FeCl3.6H2O) 
and citric acid. The ratios of Fe(III) to Co(II) and cit-
ric acid to Fe(III) were fixed at 2.0. After stirring at 
room temperature for complete evaporation of etha-
nol, the residual solid was dried at 80°C for overnight, 
followed by calcination at 550°C for 10 h. The final 
sample was denoted as M-SBA-15.

2.2.3. Drug loading
Ibuprofen was chosen as a model drug to evaluate 
the loading and release behavior of SBA-15 and the 
magnetically functionalized SBA-15. The loading of 
ibuprofen inside the SBA-15 and M-SBA-15 was car-
ried out as in the following way: 0.3 g of the sample 
was added to 20 mL of ibuprofen–hexane solution  
(35 mg.mL-1) and soaked under stirring at room tem-
perature for 24 h to reach the equilibrium state. Final-
ly, the precipitate was filtered and washed thoroughly 
with hexane, dried under vacuum at 40°C. The ob-
tained samples were designated as IBU@SBA-15 and 
IBU@M-SBA-15. The amount of loaded drug was de-
termined by a UV/Vis spectrophotometer at 272 nm. 
The drug loading content and entrapment efficiency 
were calculated using the following equations:

2.2.4. Drug release
The release behavior of the IBU loaded SBA-15 and 
M-SBA-15 was investigated by soaking the tablet of 

(Weight of IBU in mesoporous material)Loading content (%) =  
(Weight of mesoporous material loaded with IBU)

(Weight of IBU in mesoporous material)Entrapment efficiency (%) = 
(Initial weight of IBU)
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samples in a solution of simulating body fluid (SBF) 
at pH 7.4. To avoid limitation of the delivering rate 
due to external diffusion constraints, continuous stir-
ring was maintained during the assays. 3.0 mL of the 
suspension was with drawn at a predetermined time 
after standing without stirring for 5 min, and the con-
centration of IBU in the suspension was measured 
by using a UV/Vis spectrophotometer at 272 nm. Af-
ter the measurement, the withdrawn suspension was 
added back to the SBF solution, meanwhile stirring 
continued. The determination of IBU release in the 
suspension was repeated for two times and cumulative 
concentrate values of released IBU were obtained.

3. RESULTS AND DISCUSSION

The small angle X-ray diffraction patterns of the non-
modified SBA-15 and magnetically functionalized 
sample are shown in Figure 1. The existence of an in-
tense peak at 2θ = 0.72° and two weak peaks in the 
2θ range of 1.3°-1.8° matches well with the pattern 
of SBA-15 that reported in the literature [17]. These 
peaks are attributed to (100), (110) and (200) reflec-
tions, respectively that is characteristic of the ordered 
structure of hexagonal lattice [18]. The intensity of the 
diffraction peaks decreased after the functionalization 
due to the existence of magnetic nanoparticles of Co-
Fe2O4 in the mesochannels.

Figure 2 shows wide-angle X-ray diffraction pattern 
of M-SBA-15 sample. The observed peaks at 30.51, 

35.51, 43.21, 57.21, and 62.71 are typically indexed 
to the crystal phase of CoFe2O4.

The morphology of SBA-15 particles before and 
after modification and drug loading were shown in  
Figure 3. As it can be observed, the width and length 
of the twisted particles are about 2 and 30-50 μm, re-
spectively. In addition, the morphology of SBA-15 
particles can be maintained unchanged after the mag-
netization and drug loading.

The N2 adsorption/desorption isotherms of two sam-

Figure 1: SAXS patterns of SBA-15 and M-SBA-15.

Figure 2: Wide-angle XRD pattern of M-SBA-15 sample.

Figure 3: SEM images of (a) non-modified SBA-15 and (b) 

IBU loaded M-SBA-15.
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ples before and after IBU loading show a similar trend 
(Figures 4 and 5). Type IV isotherms with H1 type 
of hysteresis loops for all samples are observed [19]. 
The shape and the position of hysteresis loop (at p/p0 
from 0.60 to 0.85) are indicative of narrow mesopore 
size distribution of the synthesized SBA-15 and its 
modified samples [20]. The lower amount of adsorbed 
nitrogen and the shift of hysteresis loop of the func-
tionalized and ibuprofen loaded samples toward lower 
relative pressures are the indication of the presence of 

magnetic nanoparticles and drug in the pores. As it is 
shown in Table 1, the specific surface area (SBET), pore 
volume (Vp) and pore diameter (Dp) of the modified 
samples were reduced after the functionalization and 
loading of ibuprofen. 

The pore size distribution was calculated by BJH 
method base on the desorption branch of N2 adsorp-
tion/desorption isotherms. It is observed that all the 
samples have narrow pore size distribution with uni-
form mesochannels.

Figure 6 shows the magnetic properties of the  

(a)

(b)
Figure 4: (a) N2 adsorption/desorption isotherms and (b) 

pore size distributions of the non-modified SBA-15 before 

and after IBU loading.

(a)

(b)
Figure 5: (a) N2 adsorption/desorption isotherms and (b) 

pore size distributions of the M-SBA-15 before and after IBU 

loading.
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M-SBA-15 sample. High saturation magnetization 
(4.3 emu/g) can be observed for this sample. 

The magnetic separability of modified SBA-15 
was tested by placing a magnet near the glass bottle 
of sample. The powder of M-SBA-15 is absorbed by 
the magnet, indicating that M-SBA-15 has a magnetic 
separability from system. The obtained drug load-
ing capacity and entrapment efficiency of SBA-15 
and its magnetically functionalized sample are 30% 
and 45%, respectively. The drug release behavior of 
IBU@SBA-15 and IBU@M-SBA-15 was studied in 
SBF buffer with pH value of 7.4. Figure 7 displays the 
drug release profile of these samples. In the case of the 
non-modified SBA-15, 26% of drug was released after 
5 h while, in the same period of time, only 12% of IBU 
was released through M-SBA-15. During next 20 h, in 
contrast with SBA-15 that the percentage of released 
drug has shown a flying increase and could reach up to 
60%, for M-SBA-15 this percentage is less than 18%.
The drug release has stopped through the M-SBA-15 
after 48 h but it has continued from the non-modified 
SBA-15. These results reveal that the rate and amount 
of released drug decrease after magnetically function-
alization. It is may be due to the strong interaction  
between IBU and magnetic CoFe2O4 nanoparticles.

4. CONCLUSIONS

In summary, we have demonstrated the synthesis of a 
drug delivery system based on SBA-15 with magnetic 
nanoparticles of CoFe2O4. Ibuprofen as a model drug 
was introduced in the non-modified and functional-
ized samples. The obtained results of IBU loading and 
release illustrated the system had a potential use for 
controlled release. The magnetically functionalized 
sample due to the stronger interaction with ibuprofen 
has slower releasing rate. These findings offer promis-
ing perspectives for future applications of mesoporous 
silica materials in controlled drug delivery systems.
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