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Introduction

The drug delivery process has a crucial rule in assuring that a certain molecule will arrive without

decomposition or reactions at the right place to perform its task with efficiency [1]. Developments in

encapsulation technology have allowed the preparation of a large rang of submicron-sized drug loaded

particles [2]. Actually people are searching for non-toxic, degradable materials with high surface area and

storage capacity as drug carriers is highly active [3]. Among the various materials employed in controlled

drug delivery system, polymeric materials provide the most important avenues for research and

commercial application [4]. Among these drug delivery systems, inorganic porous minerals have been

used including synthetic Zeolithe, silica Xerogel material and porous ceramic [3]. SBA-3 is a typical

mesoporous molecular sieves was synthesized at room temperature under acidic conditions [5-6]. The

mesoporous material of SBA-3 structure synthesized at PH < 2 was stable and was applied as drug matrix

with properties acid [7]. Their synthetic procedure is similar to that for SBA-15 except that different

templates are used, i.e. low-molecular-weight alkyl quaternary ammonium ions (e.g. CTA+) [8].

Therefore, a liquid phase deposition procedure was used on SBA-3-type siliceous mesoporous molecular

sieve [9]. According to the nature of the surfactant and PH of synthesis media, interaction between the

silica and the surfactant is mediated by X-anions as described by S+X-I+, where the surfactants is a

cationic surfactant[7]. SBA-3 (p6m) has been chosen considering the fact that it has smaller pore size

(ca.22A
�
) which is very close to the targeted pore size bridging between micropore and mesopore range,

It has been found recently that its mesopore wall possesses some micropore, which maybe served as

active sites for modification [9,10].

Our approach in this study is to determine the loading capacity of biologically active molecules of

mesoporous templated and to characterize the drug-loaded materials and finally the in-vitro drug release

was performed in simulation body fluid (PH=7.4).

For this purpose, we chose a SBA-3 solid as mesoporous matrix and Nalidixic Acid, an anti bacterial

drug, was selected as a model drug is suitable for its incorporation within pore of SBA-3.

Experimental (Modeling)/Computational

A. Materials

Hexadaceyletrimethylammonium bromide (C18TAB, Aldrich) and Tetraethyl Ortho Silicate (TEOS,

Aldrich, 98%) are used as surfactant and silica source, respectively. The HCL aqueous solution (Merck,

37%) is used to adjust the PH value of the reaction system, deionized water as solvent, Nalidixic acid is

commercially available from Sigma Aldrich.

B. Synthesis of mesoporous silica SBA-318 and calcinations

5gr C18TAB and 75ml HCL 37% were first dissolved in deionized water to obtain a clear solution

while the mixture was being stirred at 400rpm and The solution were heated at 40
�c

, after 4h, the resultant

white precipitate (as-synthesized SBA-318) was filtered without washing and dried at 100
�c

overnight.

Before characterization, the as-synthesized SBA-318 powder was calcined at 550
�c

in air for 5h to remove

the surfactants. The heating rate to 550
�c

was 1
�c
�min.

C. Drug loading and release

A typical loading procedure of Nalidixic acid in SBA-318 was as follows: 0.2gr of calcined SBA-318 has

been suspended in 10 ml of 0.1M Nalidixic acid solution by stirring for 30h at room temperature.

Subsequently, Nalidixic acid loaded SBA-318 sample was separated from the solution by vacuum filtration

and dried at room temperature. the loading amount of the drug is determine by UV-Vis
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spectrophotometer. After the drug loading samples, the delivery rates were obtained by soaking 5mg drug

into 5ml of simulated body fluid (PH=7.4), under continuous stirring at the temperature of 37�0.1
�c

.

Absorbance measurements were made at regular time intervals at a selected wavelength (�max=257) on a

UV-Vis Shimadzu spectrometer. Absorbance measured values were fitted against a calibration curve

based on a Lambert-Beer law.

Results and Discussion

Fig.1 displays scanning electron microscopy (SEM) observation of SBA-318 particles and loaded

Nalidixic Acid in SBA-318. Mesoporous silica micrometer-scaled gyroidal spheres could be prepared in

acidic condition [9]. This formation process involves molecular self-assembly micelle alignment. Due to

the weaker binding strength of the counter ion Cl
-
, when the acid source HCL was used, it does not form

very long micelles with the quaternary ammonium surfactants. The XRD pattern displays three peaks

which are typical (100), (110) and (200) reflection of hexagonal (p6m) mesostructures. The XRD patterns

of the SBA-318 and SBA-318 + Nalidixic acid are presented in Fig.2. However, the diffraction intensities

of these corresponding peaks are markedly decreased for SBA-318 + Nalidixic acid. The three main XRD

peaks are still observed, showing that the hexagonal mesopores of SBA-318 are stable during the

entrapment of drug molecules inside the mesopores [4]. Fig.3 displays The impregnation of Nalidixic

acid by the SBA-318 was monitored by UV-vis spectrophotomete We observed that it took 7h to reach the

largest drug loading in SBA-318 . SBA-318 has gyroid morphology while pore size is larger than that of

SBA-312. This might be attributed to the influence micelles of surfactant C18TAB that is much larger than

C12TAB. In addition, IR spectra of the drug loaded sample, further gives a direct demonstration of

loading Nalidixic acid in mesoporous silica. The intensity of the absorption peak in 3500 cm
-1

be longing

to the acidic SiOH groups has decreased and slightly blue shift due to formation of hydrogen bond

between the carboniyl group of the drug and silanol group of the mesoporous silica [10-11]. There peaks

generally can be found in the same wavenumber in the spectrum of Nalidixic acid. This observation

further confirmed that Nalidixic acid had been loaded successfully in mesoporous silica materials (Fig 4).

The TGA curve of Nalidixic acid loaded in SBA-318 .Fig.5 shows a weight loss of 2.678% below 150
�c

resulted from the evaporation of physical water. While weight loss of 21.24% between 200 and 400
�c

are

detected, which is attributed to drug organic composition because surfactant and other organic

composition already removed at 550
�c

and loss of 3.768% after 400
�c

is attributed to dehydroxylation of

silanol and residual coke combustion [12-13]. Fig.6 shows drug release rate from mesoporous silica in

simulation body fluid (SBF). It is made at regular times UV-Vis spectroscopy at a wavelength of 257nm.

The measured values were then fitted against a calibration curve determined with pure Nalidixic acid

dissolved in SBF (Lambert-Beer law). The controlled release tests were carried out suspending the

composite materials under continuous stirring at the temperature of 37�0.1
�c

in SBF at PH=7.4. The

Nalidixic acid�SBA-318 delivery system exhibited 80 wt% of drug pronouncing the initial burst release

within 2h.It is proposed that there are two types of Nalidixic acid molecules adsorbed in mesopore of

SBA-3, the physically adsorbed and chemically adsorbed. In initial release period (<2h) of SBA-3+

Nalidixic acid in SBF, might is attributed to physically adsorbed. After 2h release kinetics is attributed to

chemically adsorbed drug molecules. The drug release process from the unmodified mesoporous matrix

(SBA-318+ Nalidixic acid) is mainly controlled by the diffusion of Nalidixic acid molecules through the

channels and the Nalidixic acid diffusion process should be mainly affected by the effective pore size of

the matrix [14].
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(b)(a)
Fig.1. SEM images of (a) SBA-318, (b) loaded Nalidixic Acid

Fig. 2. XRD patterns of calcined SBA-318 and loaded Nalidixic Acid

LO-nalidixic acid

1

1.5

2

2.5

3

3.5

4

0 3 6 9 12 15 18 21 24 27 30

Time (h)

A
b
s

LO-NAL

Fig.4. FT-IR SBA-318 , SBA-3+ Nalidixic AcidFig.3. Loading amount of Nalidixic Acid in SBA-318

as a function of time
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Fig.6. Cumulative release rates of Nalidixic Acid

from SBA-318 in simulation body fluid.

Fig.5. TGA curves of Nalidixic Acid loaded in SBA-

318.
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Conclusions

We have introduced Nalidixic acid in the SBA-318 material, giving rise to a new property of this material.

Hexagonal symmetry mesoporous silica materials with variable pore sizes and morphologies have been

employed as controlled delivery system for water-soluble drug. The Nalidixic acid drug could be

successfully loaded into the channel of mesoporous silica materials. The drug loading and release kinetic

were correlated to morphologies and pore sizes of mesoporous silica. A quick drug loading could be

achieved by either enlarging pore sizes or reducing the particle sizes. The delivery profiles showed that

the drug release rate could be controlled by regulating the pore sizes and morphologies of mesoporous

silica.
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