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Introduction

In the pharmaceutical sector, nanotechnology has
great potential. With the use of novel drug targeting
techniques, medications are now being developed that
are more potent and profitable. Knowing that 13% of
the vast pharmaceutical industry market is now
comprised of the sale of products, such as silicate drug
delivery systems [1], makes these consequences more
evident. Controlling drug release mechanisms can be
quite helpful in managing treatment modalities using
medications. Numerous materials have been introduced
as drug release systems thus far, including
biodegradable polymers, ceramic materials like
hydroxyapatite and calcium phosphates, members of
the SBA family, and more [2-4].

The regulated and targeted drug delivery approach
prevents the drug's toxicity, destruction, and repeated
usage. Materials intended to use as drug carriers must
good biocompatibility and a high drug-loading
capability. To prevent rapid diffusion, the design of
these materials must be flawless. Mesoporous materials
are employed as drug carriers due to their distinct
characteristics, such as a higher surface-to-volume
ratio, manageable particle size effect, and
biocompatibility and biodegradability. The use of
mesoporous silica nanoparticles in medicine has been
the subject of increased research in recent years [5-8].
The high porosity of mesoporous silica materials,
allows biologically active molecules of varying sizes to
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settle in the pores of these materials [9]. Additionally,
the consistent porosity network of these materials
allows for the proper rate of loading and release. Since
molecular adsorption in mesoporous materials is a
surface phenomenon, the high specific surface area of
these materials also leads to increased adsorption of
bioactive molecules [10].

Efforts to create various types of silica
nanoparticles began at the start of the twenty-first
century. New mineral substrates in nanometer
dimensions with consistent structures were produced
using organic silanes in conjunction with structure-
directing agents or modifiers and a solvent mixture of
water and alcohol [11]. Silica-based mesoporous Santa
Barbara amorphous (SBA) materials have been widely
utilized as drug delivery systems. Due to their
favorable surface and physicochemical characteristics.
These include low toxicity, biocompatibility,
biodegradability, and cost-effective production using
inexpensive materials. SBA-15 and SBA-16 quickly
identified as particularly promising materials in this
field. Like other porous materials, the three-
dimensional silicate porous materials known as SBA-
15 and SBA-16, which contain SiO, and surface
hydroxyl (OH) groups, are made using non-ionic
copolymers as a template and have an amorphous
structure [12]. While SBA-16 crystallizes in a cubic
crystal structure, SBA-15 does so in a hexagonal one.
The three-dimensional cubic shape with open channels,
of SBA-16 has drawn more attention due to its Im3m
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space group.

The main subset of these materials is SBA-16,
which possesses a high surface area, uniform pore size,
high pore volume, thermal and chemical stability,
hydrophobicity or controllable hydrophilicity, water
insolubility, nontoxicity, strong mechanical resistance,
and a high concentration of active sites on its surface.
It also has a narrow and tunable pore size distribution
ranging from 2 to 50 nm, a wall thickness of
approximately 3 to 4 nm, and superior mechanical and
hydrothermal stability compared to MCM-41
compounds [13]. The mentioned characteristics make
these materials ideal for absorption, allowing
nanoparticles to evenly distribute across the pores and
enhance the resulting mesoporous  features.
Additionally, loading nanoparticles onto SBA prevents
their aggregation and improves the effectiveness of the
nanocarrier as a drug delivery mechanism [14].
However, the surfaces of the mesoparticles only
contain a limited variety of functional groups primarily
silane groups. This limitation restricts the potential
applications of these materials for specific target
molecules.  Several  studies have  proposed
modifications to the active sites of SBA-16 as a
solution. These modifications include adding various
ligands (such as organic groups, coordination
compounds, nanoparticles, and metal oxides) and
loading different chemicals onto them. [15, 16].

In this study, | will discuss the research that has
been conducted on the use of Nanoporous SBA-16 and
its derivatives as drug delivery systems.

Nanoporous SBA-16 and its derivatives as
drug carrier systems

Because of its uniform three-dimensional structure
and accessible pores, nanoporous SBA-16 performs
better as a novel drug carrier. Figure 1 illustrates the
overall procedure for making SBA compounds.
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Fig. 1. General synthesis steps of SBA.

Zhao et al. were the first trsearchers that create
SBA-type mesoporous materials, which are members
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of the ceramic family, in 1998. The synthesis of these
molecules involves hydrolyzing a silica source,
generally tetraethyl orthosilicate, in a two-phase
solution. The Pluronic copolymer F127, with a pore
size of more than 5 nm, is used to create the cubic
structure of SBA-16. In a study conducted by Kim, et
al. [17], the aim was to produce SBA-16 with larger
pore diameters. They achieved this by using a
combination of Pluronic F127 and Pluronic P123
agents, resulting in SBA-16 with pore sizes ranging
from 4. 5 to 9. 0 nm. Differences in synthesis
temperature, duration, and template composition are
responsible for the desired outcomes. Using tetraethyl
orthosilicate as a silica source and HCI at low
concentrations, Gubin et al. [9] examined the synthesis
of SBA-16 with Pluronic F127 in aqueous solution and
butanol. The ideal synthesis conditions for SBA-16
yielded a surface area of 886 m? g%, a pore volume of
0. 77 cm® g, and a pore diameter of 10. 4 nm.

The temozolomide medication was transported via
SBA-16 in a 2024 experiment by Soleymani et al. [18].
The drug carrier used in this investigation was the
mesostructure of SBA-16. To verify the structure of
SBA-16 after production, the physicochemical
properties were determined using elemental analysis
(EDX), X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR), scanning electron
microscopy (SEM), and transmission electron
microscopy (TEM). Response surface methodology
(RSM), central composite design (CCD), and design of
experiments software (DOE) were employed to analyze
the impact of effective parameters, such as pH, starting
drug concentration, quantity of nanocarrier,
temperature, and contact time, on drug loading. The
drug release was tested at 37 °C in three simulated body
environments: neutral, acidic, and alkaline with pH
values of 6. 8, 4. 8, and 7. 4, respectively.
Measurements were taken at 1, 2, 3, 4, 12, 24, 48, and
72 hours. Data from isotherm and drug loading kinetics
experiments revealed that the drug loading process
follows the Langmuir isotherm with R?=0.9964 and the
pseudo-second order kinetic model with R?=0.9992.
Additionally, thermodynamic investigations showed
that the drug loading process on the SBA-16
nanocarrier is both exothermic and spontaneous. Figure
2 illustrates the analyses conducted, demonstrating the
proper preparation of SBA-16. The statistical design of
experiments approach was utilized in this study to
optimize outcomes. The study concluded that pH had
the greatest impact on drug loading, while contact time
had the least. The optimal conditions for maximizing
drug loading (98.78%) according to the program are a
pH of 2, a nanocarrier quantity of 0. 04 g, a drug
concentration of 10 mg/L, a temperature of 40 °C, and
a contact time of 10 minutes.
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Fig. 2. (a) FTIR spectrum, (b) XRD analysis, (c) SEM
and (d) TEM images.

In Figure 3, the drug release graph shows three
acidic environments (red graph), an alkaline
environment (blue graph), and a neutral environment
(green graph). The release rate of temozolomide from
the SBA-16 nanocarrier is higher in acidic conditions
(pH = 4. 8) than in alkaline and neutral environments
(pPH =7. 4 and 6. 8, respectively). After 72 hours, 42%
of the drug has been released from the SBA-16
nanocarrier in acidic conditions, 39% in alkaline
conditions, and 37. 9% in neutral conditions. Initially,
the release of drug molecules adsorbed on the surface
of the nanocarrier, is explosive during the first few
hours, but then it stabilizes due to the release of drug
molecules adsorbed within the nanocarrier's pores.
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Fig. 3. Temozolamide drug release in three acidic,
alkaline, and neutral environments

In a related study, Fikri et al. [19] utilized nanosilica
SBA-16 as a carrier for carbamazepine medication. The
results indicated that the carbamazepine drug exhibited
enhanced adsorption and sustained release when
administered optimal conditions.

The medication loading effectiveness under these
circumstances was 99. 87%. Furthermore, the
experiment demonstrated regulated medicine release.
Thermodynamic data showed that the drug loading
process is exothermic and spontaneous. The Langmuir
isotherm with a regression coefficient of 0.9991
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described the adsorption process. The first-order
kinetic model with a regression coefficient of 0.9996
described the drug release.

Functionalizing the nanocarrier with functional
groups such as —NHz is currently being explored as a
method to enhance efficacy and improve the interaction
between the nanocarrier and the drug [20]. To
functionalize SBA-16 with —NH,, 3 g of F127
copolymer were dissolved in 144 mL of distilled water
and 9 mL of hydrochloric acid. The mixture was stirred
at 35 °C until the surfactant was completely dissolved.
Then, 9 mL of 1-butanol alcohol were added and the
mixture, was stirred for an hour. Next, 13. 2 g of TEOS
and 0. 85 mL of 3-aminopropyltrioxysilane were added
to the solution. The mixture was stirred on a magnetic
stirrer at 100°C for an additional 24 hours. The
template was removed using ethanol extraction. The
drug Temozolomide, was carried by SBA-16-NH; [21].
The results of the BET experiment on mesoporous
SBA-16-NH> are outlined in Table 4. The data shows
that, the specific surface area of SBA-16-NH; is 258.64
m?/g. Furthermore, the average particle diameter and
pore volume were 4. 098 nm and 0. 5876 cm®/g,
respectively. This indicates that the produced SBA-16-
NH: is mesoporous [30]. Thermogravimetric analysis
was conducted to determine the thermal stability of the
samples, as illustrated in Figure 4. The decrease in
mass between room temperature and 200°C is directly
related to the amount of absorbed moisture that is
released. It is important to note that the presence of
amino groups actually decreases the amount of mass
lost within this range. The decomposition of the amine
ligands occurred thermally at higher temperatures, and
it was completed at 800 °C. In samples modified with
amine groups, only one major peak was observed at 400
°C. Within the recommended range provided by the
software, five factors pH, nanocarrier amount, initial
drug concentration, temperature, and contact time—
were examined to determine the optimal conditions for
maximizing drug loading. The experimental design
software suggested pH of 2.73, a nanocarrier dose of
0.045 g, adrug concentration of 10 mg/L, a temperature
of 30°C, and a contact time of 10 minutes as the best
combination to achieve the highest drug loading of
99.99% with a desirability rating of 1. Following, the
commended optimal conditions, the experiments were
conducted once more. The data obtained suggest that
temozolomide can be effectively delivered using
mesoporous SBA-16-NH..
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Fig. 4. TGA analysis of SBA-16-NH..

Figure 5a displays the FTIR spectrum of SBA-16-NH,.
In Figure 5a, the symmetric stretching vibration of the O-
H bond of the Si-OH silanol groups is represented by a
wide peak at 3441.12 cm™. Additionally, the peak at
1630.95 cm? is related to the stretching and bending
motions of the water molecules adsorbed onto the SBA-
16 surface. The symmetric and asymmetric Si-O-Si
bending, stretching, and bending vibrations are associated
with peaks at 463.52 cm, 805.20 cm™, and 1086.21 cm’
! respectively. The data presented above support the
conclusion that the manufactured material is a silicate
mesoporous [22]. The band observed at 1085.30 cm™ is
associated with the asymmetric stretching vibrations of
Si-O-Si, while the symmetric stretching vibrations of the
Si-O-Si bond are represented by the bands at
approximately 797.37 cm™ and 949.10 cm™. Additionally,
the presence of SiO4 units in the region around 471.94 cm
indicates tetrahedral silica. The broad band at 16.3414
cm? is indicative of the O-H stretching vibration mode of
silanol groups. In the spectrum of the amine-containing
sample, bands associated with C-H stretching vibrations
of propyl chains were observed around 2930 cm™. In the
spectrum of the amine-containing sample, the (C-H) v and
(C-H)d deformation vibrations in methyl groups were
observed in the regions of 1463.39 cm™ and 1353 cm™
[23]. Additionally, the XRD study related to mesopore
SBA-16-NH; revealed a very prominent peak at 26 = 20-
30°. The low-angle X-ray diffraction (XRD) pattern of
SBA-16-NH; confirms the presence of a well-ordered
mesoporous structure with a three-dimensional cubic
symmetry of Im3m, which is typical of SBA-16 materials.
The reflections from various planes of the cubic
mesoporous network are represented by distinct
diffraction peaks in the low 20 range (usually between 0.
8°and 1. 5°). These peaks indicate a mesoporous structure
with cubic geometry that is highly organized and
coherent. Slight changes in intensity and location of these
peaks are observed after functionalization with amino
groups (-NHy), indicating successful grafting of the amino
groups onto the pore walls while preserving the original
mesoporous structure. The slight decrease in peak
intensity is believed to be due to partial filling of the

mesopores by the grafted amino groups, which has
minimal impact on the diffraction pattern. The low-angle
XRD data confirms that SBA-16-NH, maintains its three-
dimensional cubic Im3m mesoporous structure and the
surface functionalization does not cause structural
breakdown (Fig. 5c¢). The scanning electron microscope
(SEM) image of the surface of the produced SBA-16 and
SBA-16-NH, samples is shown in Figure 5d. This
micrograph indicates that the synthesized samples of
SBA-16 and SBA-16-NH. have a uniform, spherical
shape. Moreover, the pore size ranges from 2 to 50 nm,
demonstrating that the material created is mesoporous
[24]. A TEM image of the SBA-16-NH; mesostructured
material at a magnification of 100 nm is shown in Fig. 5e.
This image illustrates a highly organized cage-like
arrangement of mesopores. The adsorption-desorption
isotherm plot of SBA-16-NHz is depicted in Fig 5f. In this
nanocomposite, the adsorption curve does not align with
the desorption curve, forming a hysteresis loop
characteristic of a type IV isotherm. A material is
considered to have 100% mesoporous when its isotherm
graph displays a hysteresis loop and the shape of the pores
can be determined by analyzing the hysteresis loop and
the adsorption-desorption isotherm plot. According to the
diagram, the hysteresis loop falls under the H1 type,
indicating that the pores have a cylindrical shape [25].
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Fig 5. (a) FTIR spectrum, (b) XRD analysis, (c) low angle
XRD pattern, (d) SEM image, (¢) TEM image, (f) adsorption-
desorption isotherm diagram of SBA-16-NH2

According to the BET study, the specific surface area
of SBA-16-NH; is 258.64 m?/g. Additionally, the average
particle size and pore volume were determined to be 4.098
nm and 0.5876 cm?®/g, respectively. Therefore, it can be
concluded that the produced SBA-16-NH; is mesoporous.

One downside of nanoparticles is their tendency to
become isolated from the liquid phase. The centrifuge is
commonly used to separate nanoparticles from the liquid
phase, but it is not always very effective. Using magnetic
particles in the nanocomposite structure and then easily
separating them with a magnet is one helpful technique
for isolating nanoparticles from the solvent. The
extraction of ferromagnetic and paramagnetic particles
from mixtures is achieved through magnetic separation in
various industries. One of the key advantages of this
method is that it is a clean, chemical-free process that does
not harm threat to the environment. Magnetic separators
are highly efficient in separating magnetic particles from
non-magnetic materials, making them ideal for
applications requiring high purity levels. Magnetic
separation can recover a wide range of magnetic
materials, from ferromagnetic to paramagnetic particles.

In another study, Fes04 magnetic nanoparticles were
loaded on SBA-16/NH; using the in situ method [26],
creating the FesO04/NH,-SBA-16 mesostructure as
nanocarriers for loading and releasing phenobarbital
medication. In this study, the Stopper method [27, 28] was
employed to magnetize Fe;O.. Initially, 0.994 g of FeCl..
4H,0 and 2.702 g of FeCls. 6H,O were dissolved in 10
mL of distilled water. The mixture was then agitated in a
three-hole beaker under a nitrogen environment.
Subsequently, 20 mL of ammonia was added to the flask
while stirring (pH between 9). A magnet was used to
separate the resulting precipitate (black in color) from the
solvent, and it was then rinsed with 96% ethanol. The
Fes304 nanoparticles were dried for 18 hours in a 65 °C
oven. The following equation represents the overall
response of the FesO4 preparation. For the synthesis of
Fes04/NH>-SBA-16, 60 mg of FesO4 was dispersed in 20
mL of ethanol, followed by the addition of 0. 2 g of SBA-
16/NH,. The mixture was stirred at room temperature for
8 hours. The produced nanocomposite was then dried at
ambient temperature after being separated from the
solvent using a magnet.

The FTIR and XRD spectra in Figures 6 and 7
demonstrate the synthesis of the SBA-16-NH,
nanostructure magnetized by Fez;O, effectively.
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The successful placement of FesO, particles on the
SBA-16/NH; mesostructure (black spots) is also visible in
scanning electron microscope images (TEM) of the
Fes04/NH2-SBA-16 nanocomposite (Fig. 8). The TEM
images clearly show that the morphology of SBA-16/NH:
is maintained after the addition of Fe3Os, with no
noticeable modifications [29].

3 2

Fig. 8. TEM micrograph of FesO4/NH2-SBA-16.

The Ag/ZnO/SBA-16 composite was created and
utilized as a phenobarbital drug delivery system in a study
conducted by Fikri et al. in 2024. Because of its simple
fabrication process, distinct morphology, spacious pore
size, and, especially the interconnected three-dimensional
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pore structure that enhances mass transfer, Ag/ZnO/SBA-
16 mesoporous material was used in this study as a carrier
for phenobarbital drug. After being identified using a
variety of methods (XRD, SEM, TEM, etc.), the newly
produced nanocomposite was used in research on drug
loading and release. The EDX examination of the
mesostructure of SBA-16 (Fig. 9a) reveals that silicon has
the highest peak compared to other elements, supporting
the conclusion that SBA-16 is a silicate material. The
presence of Zn and Ag peaks in Figure 9b confirms that
the Ag/ZnO/SBA-16 nanocomposite has been properly
manufactured. The peak associated with Si is still the
highest, demonstrating that this mesopore has retained its
silicate structure in addition to the accurate structure of
the manufactured nanocomposite.

c 20.12
o 3489
Si 16.55
n 6.70
Ag 17.75

-
A
1= Ag/ZnO/SBA-16

Fig. 9. EDX analysis of (é) SBA-16 and (b) Ag/ZnO/SBA-16.

SBA-16

The adsorption/desorption isotherm and BJH curve of
the Ag/ZnO/SBA-16 nanocarrier are shown in Figures
10a and 10b, respectively. As shown in Figure 10a, this
nanocomposite displays a type 1V (a) isotherm (according
to IUPAC terminology) and hysteresis in the
absorption/desorption mechanism [30]. A compound is
considered entirely mesoporous if its isotherm plot shows
a hysteresis loop. The shape of the pores can determine by
analyzing the hysteresis loop and the adsorption-
desorption isotherm plot. In this case, the hysteresis loop
is of the H1 type, indicating that the pores are cylindrical
in shape [31, 32]. The BJH curve of the nanocomposite
between 1 and 100 nm is displayed in Figure 8b. This
curve can be used to determine the size distribution of the
holes. The maximum distribution of pores in the
manufactured nanocomposite falls between 1 and 10 nm.
Additionally, the BET study of the Ag/ZnO/SBA-16
nanocomposite revealed a specific surface area of 276.87
m?/g. Additionally, the average particle diameter and pore
volume were found to be 10.90 nm and 0.5378 cm?/g,
respectively. Therefore, the synthesized nanocomposite
can be said to be classified as mesoporous. According to
the IUPAC classification, materials with pore sizes
between 2 and 50 nm are considered mesoporous,
indicating that nanomaterials, a subset of nanostructured
materials, contain nanometer-scale pores [33]. This type
of material, with a significantly large internal surface area,
is highly effective at absorbing and interacting with
atoms, molecules, and ions. The BET analysis results
indicate that Ag/ZnO/SBA-16 processes a nanoscale
structure due to the presence of nanoscale pores.
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The percentage of medication loaded onto the
nanocomposite was significantly impacted by five factors.
The effects of temperature, contact time, pH, initial drug
concentration, and composite dosage were studied using
the RSM approach.

The Ag/ZnO/SBA-16 nanocomposite, showed the
highest amount of drug loading at pH = 2.82. The results
indicated there is an inverse relationship between pH and
loading percentage. At a low pH (lower than pHp.=7.9),
the nanocomposite surface becomes more positive as H*
ions are adsorbed onto the nanocomposite sites. This leads
to the protonation of the amine group in the phenobarbital
drug, resulting in an increased drug loading rate.
However, at high pH (greater than pHy.c), the drug loading
decreases due to repulsion between the nanocarrier
surface and the drug which reduces the concentration of
OH- ions on the surface [34]. The surface charge is zero
at the point of zero charge (pHpzc) because the positive and
negative charges are equal at that point [35]. The pH of a
solution was created by dissolving 0. 01 g of the PHB drug
in 15 mL of distilled water. The pH was initially adjusted
to a range of 2 to 12 in order to determine the pHpz. The
solution was then placed on a magnetic stirrer for an hour.
The final pH was measured and pHp,c was found to be 7.9
according to Figure 11. If there were no surface charge,
the pH value would be different, and the graph would
appear green instead of red.

oo 200 | 300 | a0 |00 | oo [ 700 s0u [ a0 [ 000 | 1200 | sz |

pH; 211 667 670 675 683 7.25 795 846 976 1097 11.96

12 o
. /
8
pH;
6
4 PH=7.9
2
0
0 2 4 6 8 10 12
pH;

Fig. 11. pHrzc of Ag/ZnO/SBA-16 nanocomposite.
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The study investigated the impact of the dose of
Ag/ZnO/SBA-16 nanocomposite on the percentage of EE,
with beneficial results (p-value < 0. 05). It was observed
that the quantity of medication loaded increased as the
amount of nanocomposite increased. This is because
increasing the amount of nanocarrier provides more active
sites and a larger surface area for drug molecules to load
onto. The maximum amount of nanocomposite that can be
loaded with drugs is 0. 04 grams [20].

Furthermore, the drug loading percentage is inversely
proportional to the starting drug concentration. The
optimal starting drug concentration for this investigation
was found to be 10 ppm. The loading rate decreases as the
initial concentration increases [36]. This is because, at
higher concentrations, all the active sites of the drug
carrier are filled with drug molecules. Temperature is
another variable that can influence the loading of
phenobarbital medicines onto the Ag/ZnO/SBA-16
nanocomposite. The process of loading drugs onto the
nanocarrier was studied at five temperatures 30, 40, 50,
60, and 70°C. According to the findings, the amount of
medicine loaded onto the nanocarrier decreases as the
temperature increases. Changes in Gibbs free energy are
responsible for the decrease in loading. The enthalpy
change is negative (exothermic) and the entropy change is
positive during the adsorption process. With the decrease
in temperature, Gibbs free energy becomes negative,
causing the absorption process to occur spontaneously.
This is illustrated in Table 1, based on the equation AG =
AH - TAS [37].

Table 8. Thermodynamic parameters for the adsorption of PHB
drug onto Ag/ZnO/SBA-16 at different temperatures.

Temp. InKc AH’ AS AG’
(K) (Ki.mol™*)  (Kj.mol™%)  (Kj.mol™?)
303 4.45 -11.24
313 3.91 -10.86
323 3.88 -22.85 -0.038 -10.47
333 3.63 -10.09
343 3.35 -9.71

The drug loading capacity is directly proportional to
the contact period necessary to achieve stable absorption.
The findings demonstrate that the loading rate increases
quickly for the first 13 minutes as a result of an increase
in the available surface area of mesoporous silica
particles. This indicates that the medicine molecules have
access to a significant number of active sites on the
nanocomposite during the first few minutes, resulting in
higher drug loading [38]. The drug release experiment
graphs for three aqueous environments (green curve), an
acidic environment (blue curve), and an alkaline
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environment (red curve) are shown in Figure 12. In 2011,
Zeng et al. published a theoretical kinetic model for drug
release by silica nanoparticles [39].

The premise of this model is that drug release occurs
explosively during the early hours and then slowly and
steadily, depending on the release of drug molecules
located inside the pores of silica nanoparticles. According
to the study, 10% of the total drug was released from the
nanoparticles during the first four hours, indicating a rapid
release. Drug absorption at the particle surface (surface
loading) of nanoparticles may explain the quick release of
drugs from nanoparticles. The drug's presence on the
surface of the nanoparticles could account for its early,
rapid release. Drug molecules adsorbed on the surface of
the nanoparticles are released more quickly than
embedded medication. However, it was discovered that
the drug release was still occurring [40].

a5
a0
O 35 /
w
& 30
;:J 25 Water pH=6.8
20 |/ PBS pH=7.4
15 PBS pH=4.8
10
5
1]
o 20 40 60 80 100 120
Time (h)
Fig. 12. In vitro release of PHB by Ag/ZnO/SBA-16

nanocomposite.

Ag particles are effective against a wide variety of
microbial species because they release Ag ions [41]. In
reality, Ag ions are a powerful antibacterial agents
multifaceted attack against susceptible and resistant
bacteria [42]. However, the oxidation of Ag ions causes
them to aggregate, resulting in the loss of their
bioactivities [43, 44]. Using an appropriate substrate
could be an effective strategy decrease prolonged
bioactivities in this situation. In order to accomplish this,
the substrate must protect Ag nanoparticles to inhibit the
rapid release of ions. Ag/SBA-16 is considered a perfect
support for loading and transporting Ag nanoparticles
over long periods due to its controlled ion release [45].
However, Ag/SBA-16 is expected to maintain
bioactivities because of its higher loaded Ag and more
complex pore structure [46]. In contrast, SBA-16 lacks
biological activity due to its biodegradability.
Additionally, its porosity may support the growth of
simpler microorganisms, resulting in no antibacterial
activity at any stage. The highly loaded Ag nanoparticles
in Ag/SBA-16 are predicted to demonstrate prolonged
and efficient bioactivities thanks to their controlled
release at the appropriate dose. This characteristic persists
until a sufficient ion dose is present in the bulk tubes [47].
In addition, four zero-order (ZO), pseudo-first-order
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(PFO), pseudo-second-order (PSO), and Higuchi model
(HIG) were examined to determine the optimal Kinetic
model for the release of the PHB drug in three aqueous,
acidic and alkaline environments. According to the
Higuchi kinetic model (R?= 0.9969, 0.9991, and 0.9992
for aqueous, acidic, and alkaline environments,
respectively) and drug loading, the results demonstrate
that drug release follows this model.

Conclusions

The focus of the present stusy was on the synthesis of
SBA-16 and its derivatives as drug delivery systems.
Various techniques such as Infrared spectroscopy (FTIR),
X-ray diffraction (XRD), scanning electron microscopy
(SEM), transmission electron microscopy (TEM), and
nitrogen sorption analysis were utilized to analyze the
mesoporous structure. Furthermore, the release and
loading of drugs from SBA-16 and its derivatives were
investigated. The release features were evaluated, and the
percentage of encapsulation loading efficiency was
analyzed using Design of Experiment software. The
results indicate that the highest adsorption rate can be
achieved by optimizing the effective variables involved in
drug loading. The study identified pH as the variable with
the greatest impact and contact time as the variable with
the least impact on the effectiveness of drug encapsulation
onto nanocomposites.

Studies on drug release reveal that the drug is released
rapidly during the initial hours, followed by a controlled
release over time. The thermodynamic and kinetic data
support the conclusion that physical adsorption causes the
drug to spontaneously and exothermically adsorb onto the
nanocarrier. Additionally, when comparing different
models, the pseudo-second-order model better captures
the adsorption and release of medications. The results
obtained suggest that mesoporous SBA-16 and its family
are ideal drug delivery systems for temozolomide.
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