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Abstract
Introduction: Ordered nanoporous silica such as SBA-15 has a great potential for application in
controlled drug release systems. Chemical modification of the silanol groups of SBA-15 allows
better control over drug loading and release. Therefore, tris(2-aminoethyl) amine-functionalized
mesoporous silica SBA-15 was evaluated as a potential carrier for the delivery of citalopram.
Methods: Tris (2-aminoethyl) amine-functionalized SBA-15 was synthesized and characterized
by various methods. Citalopram was loaded on the functionalized SBA-15 and drug release into
simulated body fluid (SBF) solution and phosphate buffers was investigated.
Results: The optimal condition for loading of the citalopram was obtained at pH = 9 after stirring
for 5 minutes. The release profile of citalopram was monitored in phosphate buffers with three
different pH values of 5, 7, and 8. A faster release rate at lower pH value was observed, suggesting
a weaker interaction because of the protonation of the amino group of the functionalized SBA15. The average release rate of citalopram from each gram of functionalized SBA-15 was 12 µg
h-1 in the SBF.
Conclusion: The results showed that loading amount and release rate of citalopram depended
on pH value and the release process showed a very slow release pattern. Therefore, tris
(2-aminoethyl) amine-functionalized SBA-15 is a suitable carrier for controlled release of
citalopram and has a great potential for disease therapy.
Keywords: Tris(2-aminoethyl) amine-functionalized SBA-15, Citalopram, Controlled release,
Spectrophotometry.

Introduction
Citalopram is an antidepressant of the
selective serotonin reuptake inhibitor
(SSRI) class. This drug acts by restoring
the balance of serotonin in the brain. Some
studies proposed that a potential cause
for antidepressant effect of citalopram
might be its interaction with cannabinoid
protein-couplings in the brain of rats.1 In
1998, citalopram received the approval
of US Food and Drug Administration
for treating major depression.2,3 In the
European countries, citalopram is approved
for the treatment of panic disorder,4,5
with or without agoraphobia. The dose of
citalopram varies from 10 to 40 mg/d at

maximum.6 Overdose can cause vomiting,
disturbances in heart rhythm, dizziness,
sedation, nausea, sweating, tremor,
confusion, amnesia, convulsions, and
coma.7 Overdose of citalopram can cause
death when combined with other drugs.
Normally, citalopram exists in plasma or
blood in the concentrations within the
range of 50-400 μg/L in patients receiving
the drug therapeutically, 1000-3000 μg/L
in people surviving the acute overdose
and 3-30 mg/L in not-survived patients.8-10
Additionally, it was reported to be the most
dangerous SSRI in overdose.11
On the other hand, researchers have
concentrated on mesoporous silica
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substances due to their potential application in the
fields of nanomedicine because of their tailorable
surface charge, low cytotoxicity, huge potentials for
organic functionalization, and good biocompatibility.
Nanomedicine is subdivided into different fields, one of
which is drug delivery system. For drug delivery, various
material designs have been proposed, mainly based on
liposomes, polymers, nanoparticles, and mesoporous
silica. Ordered mesoporous silica such as MCM-41,12
LUS-1,13,14 and SBA-1515 can be applied in many fields such
as drug delivery,16-18 preconcentration of metals,13,14 dye
removal,15,19 and catalysis.12 The extended surface area of
these materials makes them be highly absorbed and have
high pore volume, allowing a large amount of drug to be
encapsulated. Their well-oriented pore distribution helps
the reproducibility and homogeneity in the drug release
and adsorption phases, and the high density of silanol
groups enables the possibility of chemical modification of
the pore walls, allowing better control over drug release
and loading. The appropriate organic functionalization
can increase the effective control of the drug release
and drug loading. Using organic groups for promoting
attractive host-guest interaction with functional groups
of guest molecule would represent the drug release. It was
previously shown that some mesoporous materials can
provide the potential for control over the release pattern
of the guest drug.20-24 For example, SBA-15 can be used
for controlled release of gentamicin and amoxicillin25,26
and MCM-41 can be used for controlled release of
ibuprofen.27-29
The aim of this work was to synthesize tris(2aminoethyl) amine-functionalized mesoporous silica
SBA-15 and evaluate its use as citalopram delivery carrier.
This paper describes the loading and release profiles of
citalopram using amino polydentate SBA-15 carrier.
Materials and Methods
Reagents
Poly (ethylene glycol)-block-poly (propylene glycol)block-poly (ethylene glycol) (P123, Aldrich), tetraethyl
orthosilicate (TEOS, Merck) as the source for silica,
3-chloropropyltrimethoxysilane
(CPTES),
tris(2aminoethyl)-amine (Tren), toluene and ethanol (all of
Merck) were used as received from suppliers. All the
reagents were of analytical grade and used as received
without further purification. The stock solution of
citalopram (Figure 1) was prepared by dissolving its powder
in double distilled water (DDW). The stock solution was
diluted to prepare the desired concentration of citalopram
solutions. The SBF (1000 mL) was prepared by dissolving
the following chemicals in distilled water: NaCl (7.996 g),
KCl (0.224 g), MgCl2.6H2O (0.305 g), CaCl2 (0.278 g), 1 M
HCl (40 ml), NaHCO3 (0.350 g), K2HPO4.3H2O (0.228 g),
Na2SO4 (0.071 g), and NH2C(CH2OH)3 (6.057 g). DDW
was used in the research. The used glassware was soaked
156

Figure 1. Molecular Structure of Citalopram.

in dilute nitric acid for about 12 hours and finally washed
three times with DDW prior to use.
Apparatus
The prepared samples were characterized by powder
X-ray diffraction (Philips X’pert MPD) using Cu Ka
radiation (40 kV, 30 mA) over the range of 2q = 0.5-8.
The morphology was obtained by electron scanning
microscopy using an electron microscope (LEO 1455VP).
Thermogravimetric analysis (TGA) measurements were
performed on TA TGA Q50 at a temperature range of
ambient to 900°C. The ramp rate used was 20°C/min.
N2 adsorption–desorption isotherms were measured at
-196°C by BELsorp-mini II. The specific surface area
was estimated using the Brunauer–Emmett–Teller (BET)
method, and for the pore size distribution, Barrett–Joyner–
Halenda (BJH) method was used. Fourier transform
infrared spectra (FT-IR) were provided in a range of 600–
4000 cm-1 on a Bruker Vector 22 spectrophotometer. The
pH was controlled by Metrohm pH-meter (model 713)
and Varian UV/Vis spectrophotometer (Cary-100) was
used for the measurement of citalopram concentration in
the solution.
Synthesis of Tris(2-aminoethyl)amine Functionalized
SBA-15
The synthesis of modified SBA-15 was carried out
according to the previously reported procedure.30 First,
SBA-15 was synthesized using Pluronic P123 as a structuredirecting agent and tetraethyl orthosilicate. Then, it
was functionalized with CPTES to prepare Cl-SBA-15.
Then, refluxing Cl-SBA-15 with tris(2-aminoethyl)amine (Tren) in toluene and soxhlet extraction in ethanol
gave the product named as Tren-SBA-15. The detailed
procedure was reported in our previous report.30
Loading and Release Study
The loading of citalopram was achieved by soaking 0.1
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g of the functionalized SBA-15 in 100 mL of saturated
citalopram solution and stirring for 10 minutes at room
temperature. The produced solid was filtered, washed and
dried at room temperature. After drug loading, 30 mg of
the sample was weighed and put into 25 mL simulated
body fluid (SBF) or phosphate buffers at various pH
values. The release of citalopram was measured at time
intervals by UV-Vis spectrophotometer.
Results
Characterization
The modification of SBA-15 with tris(2-aminoethyl)
amine was illustrated in Figure 2.
To study the crystal structure of the products, their
low-angle X-ray powder diffraction (XRD) patterns were
used (Figure 3). As can be seen, SBA-15 pattern showed
the (100), (110), and (200) reflection peaks which are

Figure 2. Schematic Display of the Functionalization of SBA-15
with CPTES and Tren.

Figure 3. Low Angle XRD Patterns of (a) SBA-15, (b) Tren-SBA-15.

characteristic of an ordered mesoporous silica structure
with two dimensional hexagonal nanochannels. These
reflections were repeated for Tren-SBA-15, implying
that none of the functionalization procedures changed
the structure of SBA-15. The only difference between
the patterns was the decrease of the intensity of (100)
diffraction peak during the modification which is ascribed
to the decrease of the scattering power of the silica wall.
On the other hand, this reflection was widened which
might be due to narrowing the silica pores which must
occur during the functionalization. Hence, the reflection
(100) was attributed to the silica wall, and pore narrowing
would make its reflection shift to the higher angles very
slightly.
To investigate the morphology of the samples, SEM
images were provided. As can be observed from Figure
4, SBA-15 consisted of some rope-like domains with a
length of 1 μm.
The properties of the samples were characterized by
N2 absorption-desorption isotherms, FTIR spectra, and
TGA data and the obtained results are available in Figure
5. It is worth mentioning that the applied techniques were
studied in our previous report.30
To study the textural structure of the prepared samples,
N2 adsorption-desorption analysis was carried out. All
the materials showed type IV isotherms with hysteresis
loops attributed to mesoporous materials (Figure 5A)
which indicated the maintenance of the SBA-15 structure
after modifications. Besides, Figure 5A (inset) shows the
pore size distributions which display a narrow pore size
within the range of 2 to 8 nm for all the samples. Based
on the textural properties which are listed in Table 1, total
pore volume, lower surface area, pore size, and higher
thickness of wall for the functionalized SBA-15 confirm
successful modification inside the nanochannels in silica.
The FTIR spectra (Figure 5B) confirm the functional

Figure 4. SEM Image of SBA-15.
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Figure 5. A: N2 Adsorption-desorption Isotherms and inset Pore Size Distribution, B: FT-IR Spectra and C: Thermogravimetric Curves of a)
SBA-15, b) Cl-SBA-15, c) Tren-SBA-15.

Table 1. Textural Properties of SBA-15, Cl-SBA-15, and Tren-SBA-15
Sample

BET Surface
Area (m2 g-1)

Total Pore
Volume (cm3 g-1)

Pore size (nm)

Wall Thickness
(nm)

SBA-15

781

1.5

7.0

6.0

Cl-SBA-15

581

1.4

5.4

7.2

Tren-SBA-15

490

1.0

4.0

8.0

groups created on the surface of SBA-15 after
modification. The characteristic peaks of silica surface
at around 1068, 811, 3392, and 3745 cm-1 attributed to
the asymmetric and symmetric stretching of Si-O-Si, the
terminal silanol groups, and OH stretching vibration of
SiO-H and adsorbed H2O, respectively, were shown in all
the samples, except for 3745 cm-1 in Tren-SBA-15 which
might be due to the hydrogen bonding occurred between
NH2 group and Si-OH, or enhancing H2O adsorbed due
to its hydrophilic nature. The latter suggestion was proved
by the TGA that showed a higher amount of the adsorbed
H2O in Tren-SBA-15 compared to SBA-15 and Cl-SBA-15
(Figure 5C). The peaks located at 1382 and 1465 cm-1
allocated to the bending vibrations of –CH2, and 2908 and
2971 cm-1 corresponding to C-H stretching vibrations of
methylene group (Figure 5B, b and c) indicated successful
anchoring of the ligands on SBA-15. Furthermore, the
absorption band at 1548 cm-1 was attributed to the N-H
bending vibrations in Tren-SBA-15. As a result, FT-IR
proved well the successful functionalization of the silica
surface.
To estimate the amount of ligand loading on SBA-15,
TGA analysis was performed (Figure 5C). The weight
loss before 120°C which occurred in each curve was
probably due to the evaporation of the adsorbed water.
As can be seen, this weight loss for Tren-SBA-15 was 1.8
times higher than that for Cl-SBA-15, implying that the
hydrophilic nature of amine groups on Tren-SBA-15 led
to more adsorbed water. After this weight loss, another
158

one occurred at around 500°C for Cl-SBA-15 and at
400°C for Tren-SBA-15, indicating a bit more thermal
stability of chloropropyl groups in comparison to amine
groups. In thermogravimetric curves of both Cl-SBA-15
and Tren-SBA-15, some weight losses happened between
120 and 800°C, which might be attributed to gradual
dehydroxylation of silica matrix. To correct this weight
loss, the weight loss in this range for SBA-15 was applied
as a baseline for dehydroxylating the silica. Based on these
results, the loading amount of chloropropyl and Tren on
SBA-15 was estimated as 1.48 mmol g-1 and 0.95 mmol g-1,
respectively, implying that around 84% of chloropropyl
groups on the silica surface participated in the reaction
with Tren.
Measurement of the Loading of the Citalopram on Tris(2aminoethyl)-amine Functionalized SBA-15
Loading citalopram on tris(2-aminoethyl) aminefunctionalized SBA-15 was investigated by soaking of
20 and 30 mg of functionalized SBA-15 in 10 mL of 10
and 15 mg L-1 citalopram solution and agitated for 10
minutes at room temperature. The amount of citalopram
was obtained by UV-Vis spectrophotometry method.
The results showed that the in all of the solutions, the
concentration of citalopram decreased after contact with
modified SBA-15 and it can confirm that citalopram has
been incorporated into the SBA-15 molecular sieves.
Moreover, the percentage of loading of citalopram on
functionalized SBA-15 increased with the increase
in functionalized SBA-15 quantity and citalopram
concentration. Hence, the loading of citalopram was
achieved by soaking of 0.1 g of the functionalized SBA-15
in 100 mL of saturated citalopram solution. The loading
of citalopram on Tren-SBA-15 can be based on hydrogen
bonding between the amine groups of the Tren-SBA-15
and citalopram which allows the drug to be held within
the pores of functionalized SBA-15.
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Release of Citalopram in SBF
The release profile of citalopram in SBF was monitored
with putting 30 mg Tren-SBA-15 into 25 mL SBF. The
release of citalopram was measured at time intervals by
UV-Vis spectrophotometer at λ= 238 nm. The results
(Figure 7) showed that the rate of citalopram release from
each gram of Tren-SBA-15 was 12 µg h-1, which is a slow
release pattern.
Discussion
Ordered mesoporous silica with high pore volume,
well-ordered pore distribution, good biocompatibility
and suitable functionalization and size of mesopores
are encouraging materials for controlled drug delivery
systems. Drug loading and delivery rate can be changed
by surface functionalization with different groups.31 This
functionalization is able to alter hydrophobic/hydrophilic
and electrostatic forces and the drug-matrix interactions.
Therefore, we decided to introduce a method for the
delivery of citalopram by functionalized mesoporous
molecular sieve to improve the medical impact of
citalopram. Loading citalopram was achieved by soaking
of the tris(2-aminoethyl) amine-functionalized SBA15 in saturated citalopram solution. Afterwards, the
release of citalopram in SBF and phosphate buffers
was measured. It should be noticed that functionalized
SBA-15 was used in our work because it is well known
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The Impact of the pH on the Loading and Release of
Citalopram
The loading of citalopram on Tren-SBA-15 was studied
in various pH values. The pH of citalopram solutions was
adjusted to the pH range of 2.0-9.0 (utilizing 1 mol L-1 of
either sodium hydroxide solution or nitric acid) and the
loading of citalopram was achieved by soaking 30 mg of the
Tren-SBA-15 in 20 mL of 10 mg L-1 citalopram solution and
stirring for 10 minutes at room temperature. The contents
of citalopram were measured by spectrophotometry
method. The percentages of citalopram adsorbed on
Tren-SBA-15 were 0%, 24%, 34%, 37%, 40%, and 42% at
pH 2, 4, 6, 7, 8, and 9, respectively. The results showed
that at lower pH values, the adsorption amount of
citalopram on the functionalized SBA-15 decreased. At
lower pH values, amino group of the functionalized SBA15 and citalopram could be protonated and therefore, the
interaction between the citalopram and the Tren-SBA-15
was weaker compared to higher pH values.
The release profile of citalopram (percentage of drug
released over time) was monitored in a stirred solution
of phosphate buffers with various pH values. The release
profiles in three different pH values of 5, 7, and 8 were
shown in Figure 6. A faster release rate at pH=5 (lower
pH), suggested a weaker interaction because of the
protonation of the amino group of the functionalized
SBA-15.
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mesoporous materials is effectively controlled as
compared to that from pure mesoporous materials. For
example, two MCM-41 materials with various pore sizes
were modified with aminopropyl group32 for controlling
the ibuprofen delivery rate. The results have shown that
the functionalizing process was effective in both drug
adsorption and drug release profile as functionalized
MCM-41 released ibuprofen in a slower delivery rate.
Moreover, Zeng et al33 performed a similar study on
controlled delivery of aspirin using MCM-41 substances
modified by organic aminopropyl groups. It has been
observed that the amount of aminopropyl groups on
the ordered structure and the pore wall of mesoporous
substances influence the releasing features of this delivery
system. Additionally, Prokopowicz et al34 studied the
SBA-15 and rehydroxylated SBA-15 (SBA-15-R) as the
bioactive drug delivery system using doxorubicin. The
assays were carried out in vitro. For the SBA-15, the total
drug release at pH = 7.4 was found after 144 hours, whereas
for SBA-15-R, it was found after 170 hours. A comparison
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of calcined SBA-15 and the functionalized SBA-15 with
long alkyl chains like octadecyltrimethoxysilane and
octyltrimethoxysilane in controlled delivery patterns was
done by Doadrio et al.24 The mesoporous samples were
charged with the macrolide antibiotic erythromycin and
the release assays were performed in vitro. The results
showed that by increasing the number of hydrophobic–
CH2 moieties in the host, the release rate decreased.
The low angle XRD patterns of SBA-15 and Tren-SBA-15
showed an ordered mesoporous silica structure with twodimensional hexagonal nanochannels and established
that the functionalization did not change the structure of
Tren-SBA-15. Similar to previous reports,35 SEM images
showed that SBA-15 consisted of some rope-like domains
with a length of 1 μm. The textural properties which were
extracted from N2 adsorption-desorption analysis were
listed in Table 1, displaying lower total pore volume,
surface area, and pore size and higher wall thickness
for the functionalized SBA-15 which confirm successful
modification inside the nanochannels in silica.36 In
addition, FT-IR proved the successful functionalization
of the silica surface and anchoring of the ligands on SBA15.37,38 Based on TGA analysis, the loading amount of
chloropropyl and Tren on SBA-15 was estimated as 1.48
mmol g-1 and 0.95 mmol g-1, respectively, implying that
around 84% of chloropropyl groups on the silica surface
participated in the reaction with Tren.
The results showed that at lower pH values, the loading
percentage of citalopram on the functionalized SBA-15
decreased. The loading percentage was 42% at pH=9
and 24% at pH=4. At lower pH values, the amino group
of the functionalized SBA-15 and citalopram could be
protonated and therefore, the interaction between the
citalopram and the Tren-SBA-15 was weaker compared to
higher pH values. Similar results were reported by ValletRegi et al.23 They examined the calcined SBA-15 material
for the delivery of amoxicillin. It was observed that the
amount of drug loaded into the SBA-15 porous matrix
greatly relied on the pH value.
This study revealed that the release rate of citalopram
depends on pH value. The release profiles at the three
different pH values of 5, 7, and 8 (Figure 5) showed a faster
release rate at pH=5 (lower pH), suggesting a weaker
interaction because of the protonation of the amino group
of the functionalized SBA-15. Li et al39 reported similar
results. They demonstrated the feasibility of controlling the
delivery rate of ibuprofen occluded in two multifunctional
amine mesoporous silica spheres. They showed pHresponsive control for drug release. They showed that
amine-functionalized mesoporous silica spheres have a
faster release rate at low pH values (4.5) than at higher
pH values (7.45). Moreover, Prokopowicz et al34 indicated
that the drug release profile of rehydroxylated SBA-15
was pH-dependent. In comparison with phosphate buffer
(pH = 5.0), drug release in SBF (pH = 7.4) was slower,
mostly because of stronger electrostatic interactions and
160

simultaneous deposition of phosphate and calcium ions
onto the silica surface.
Finally, the release profile of citalopram in SBF was
monitored. The results (Figure 6) showed that the rate of
citalopram release from each gram of Tren-SBA-15 was 12
µg h-1. The results demonstrated that the release process
was very slow and had a relatively constant rate over the
subsequent hours.
Conclusion
This paper describes a method for the delivery of
citalopram by Tren-SBA-15 molecular sieve in order to
improve the medical effect of citalopram. The method
is based on the interaction between amine groups in
citalopram and Tren-SBA-15. The results showed that the
loading amount and release rate of the drug depended
on pH value. Additionally, a very slow release pattern
was observed. Therefore, the Tren-SBA-15 is a suitable
carrier for encapsulating citalopram molecules through
its ordered functionalized nanopores and for controlled
release of it.
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