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Abstract: The current paper explains how to make mesoporous silica microparticles (MSM) by mixing water and
dichloromethane. Several dichloromethane-water ratios were used to adjust the reaction mixture for the first time to
easily synthesize mesoporous silica micro particles with regulated particle size. By carefully modifying the
concentrations of water and dichloromethane, a higher level of consistency was achieved in the production of micro
particles, i.e. to a 2:1 v/v ratio. It was discovered that variations in the dichloromethane-to-water ratios significantly
affect the surface roughness and morphologies of mesoporous silica particles along with size. This is most likely because
the solvent affects how quickly tetraethyl orthosilicate (TEOS) and how quickly inorganic species polymerize. In all
experiments, conditions were maintained the same at 25°C temperature and 1000 rpm. Scanner electron microscopy
(SEM), Fourier transform infrared (FTIR) and X-ray powder diffraction (XRD) methods were used to identify the
structure of MSM. The in vitro cytotoxicity assays showed that the produced particles, which had a diameter of 1.0 m,
were safe for usage in the cellular system.

Keywords: Dichloromethane, mesoporous silica micro particles, tetracthyl orthosilicate, cetyltrimethyl ammonium

bromide.

INTRODUCTION

Due to their distinct physicochemical characteristics,
micro materials have made significant progress over the
past two decades, displaying precise and accurate
medication delivery and targeting (Singh et al., 2014, Sur
et al., 2019). The main objective of developing smart
materials is to create medicines that can increase drug
bioavailability at the target areas while lowering the
frequency of dose and side effects that are frequently
connected to a wide range of medications (Anselmo and
Mitragotri, 2019). Inorganic micro particles composed of
silicon carbide, silicon nitride, zirconia, alumina and
titania have recently been discovered to be effective in
biological and pharmacological applications (Krajisnik et
al., 2017). However, the report on MCM-41 type MSM in
2001 sparked the interest of countless researchers, leading
to a significant focus on mesoporous silica micro particles
(MSM) for drug delivery. Applications in catalysis,
biology and biomedicine have shown significant promise
for mesoporous materials, which have enormous specific
surface areas and pores with diameters between 5Snm to
50nm (Tang et al., 2012). MSM are superior to other
micro-carriers in a number of ways, including their
porous nature, ease of surface functionalization,
biocompatibility, low toxicity and ease of production
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using relatively simple and inexpensive methods (Kumar
et al., 2018, Li et al., 2019). The pharmaceutical industry
has made good use of MSM as a versatile carrier that
provides tuneable surface characteristics and enough
porosity for encapsulating a range of medications
(Maggini et al., 2016, Manzano and Vallet-Regi, 2020),
proteins (Xu et al., 2015, Zhou et al., 2018), genes (Zhou
et al., 2018) and enzymes (Zhang et al., 2019) for their
delivery in different clinical situations. Due to the
simplicity of surface functionalization, MSM with a high
porosity and large surface area for maintaining a
considerable drug's pay-load can target cells particularly
where the drug release is required in addition to
regulating the drug release at a particular site of interest
(He et al., 2010, Li et al., 2004, Vivero-Escoto et al.,
2010).

The ability to manage the size, porosity and form of the
nanoparticles is one of the key difficulties in the synthesis
of MSM. The sol-gel procedure is still the most popular
method for producing MSM because it gives exact control
over the size, porosity and shape of the nanoparticles.
Other methods include chemical vapor deposition, flame
spray pyrolysis, micro-emulsion and others (Brinker and
Scherer, 2013, Mehmood et al., 2019, Mehmood et al.,
2022a). The soft template approach, which Graham first
used to describe the sol-gel process in 1864 (Graham,
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1864) allows for the low-temperature synthesis of
materials that are entirely inorganic or organic-inorganic.
(Mehmood et al., 2020a, Mehmood et al., 2020Db,
Mehmood et al., 2022b). In this study, we proposed a
novel method for the one-step synthesis of monodispersed
mesoporous silica micro particles (MSM). This technique
involved the use of dichloromethane-water mixtures as
the reaction media for the first time, sodium hydroxide as
the base and cetyltrimethyl ammonium bromide as a
structure-directing surfactant. To fully characterize the
synthesized MSM, various analytical methods including
XRD, SEM, FTIR and in vitro cytotoxicity experiments
were employed to assess the safety of the micro particles.

MATERIALS AND METHODS

Materials

Tetraethyl orthosilicate (TEOS), sodium hydroxide
(NaOH), dichloromethane = (HPLC  grade) and
cetyltrimethyl ammonium bromide (CTAB) were

obtained from the Dae-Jung Chemicals (City: Korea) and
utilized exactly as they were delivered. In-house
deionized water was produced throughout the duration of
the tests.

Preparation of MSNs

In order to create the mesoporous silica micro particles,
the previously described procedure was modified
(Mehmood et al., 2022c, Nunes et al., 2002). In essence,
distinct sol-gels were created by methodically adjusting
the water to dichloromethane ratio (1:1, 1:2, 2:1, 1:0 and
0:1) in the first phase of experiments. Each mixture
(100mL) was added to a 250 mL volumetric flask, which
had a constant temperature of 25°C. The pH was raised to
10.0 by adding 1mL of 0.5 M sodium hydroxide to the
solution. Once a clear solution was produced, 500mg of
CTAB was gradually added to the mixture and stirred on
a magnetic stirrer at a speed of 1000 rpm. After thorough
surfactant mixing, 10mL of TEOS was gradually added
using a 10mL syringe and the mixture was continuously
stirred for an hour at 25°C. The fluid became opaque after
about 15minutes, suggesting that the reaction had begun
and that white gel was starting to form. The white gel was
washed three times with deionized water, filtered using a
Sartorius filter of 0.2, and then allowed to dry for 8 hours
at room temperature in a desiccator. To entirely eliminate
the surfactant template, the dried bulk was then calcined
at 500°C for 6 hours (Yoon et al., 2007). In this
investigation, the formulations were referred to as MSM-1
through MSM-5.

Characterization of MSM

Morphology of MSM

The surface, shape and estimated size of MSM (VEGA3,
TESCAN) were examined using scanning electron
microscopy (SEM). Double adhesive tape was used to
carefully attach mesoporous particles to a specimen

holder. Various resolutions of micrographs were taken
after the samples were dried and coated with gold.

Wide-angle X-ray diffraction

To generate the X-ray diffraction patterns for the specific
sample, a combination of a CuK radiation source running
at 30mA and 30 kV was employed in conjunction with an
X-ray diffracto meter (Malvern Panalytical-X'pert PRO,
UK). The data acquisition involved a step size of 0.02°
and a scanning speed of 4°/min, covering a 20 angle range
from 10° to 40°.

FTIR spectroscopy

FTIR spectroscopy was utilized to examine potential
interactions among the various components employed in
synthesizing the mesoporous particles. Furthermore, it
aimed to identify the silicate group present in the most
optimal particles. Thermo Scientific, USA's Nicolet
ISTATR-FTIR spectrometer was utilized to acquire FTIR
spectra with a resolution of 2cm™ covering the 500 to
4000cm™ spectral area.

In vitro cell viability studies

HepG2 cell line (ATCC; Manassas; produced at the
University of Lahore) is now available thanks to the
American Type Culture Collection. Cells were kept alive
in DMEM enriched with 10% (v/v) FBS, humidity 95%
(v/v), and 5% (v/v) CO, at 37°C. The MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide)
test, which measures cell survival and proliferation, was
used to determine the succinate dehydrogenase
mitochondrial activity. (Mehmood et al., 2022c). The cell
media received additions of MSM-1 through MSM-5 for
24 hours at the same rates (500mg/mL). Then, each well
received 15ul of MTT (5mg/mL) in phosphate-buffered
saline (PBS), and the wells underwent a further 4 hours of
incubation at 37°C. Produced formazan crystals in each
well were dissolved in 100ul of dimethyl sulfoxide
(DMSO) after the solution containing MTT had been
thoroughly aspirated. The absorbance at 570 nm of the
dissolved formazan crystals was then determined using a
micro plate reader. (Patel et al., 2009). The following
formula was used to get the cell viability percentage.

Abs of treated cell — Abs of Blank

% cell viability = x100
Absof Control — Abs of Blank

STATISTICAL ANALYSIS

The statistical analysis was performed using the Graph-
Pad Prism V.5 program. The data (SD) were represented
using the mean and standard deviation. The threshold for
statistical significance was a P value of 0.05 and 0.001.

RESULTS

Morphology of MSM
The majority of the formulations produced spherical
MSM, according to SEM pictures, however, the size and
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shape varied depending on the dichloromethane-water
ratio. However, when we decreased the water content in
the reaction mixture, MSM were large in size and were in
a spherical shape. Even in fig. E we did not see any
particles because only dichloromethane was used. When
the ratio of dichloromethane to water in the MSM-3
formulations was equal, we produced the tiniest particles
with a spherical shape (2:1) (fig. C). However, when we
gradually changed the dichloromethane contents, no
obvious trend in particle size was seen. Even when we
used only water in reaction, there were no spherical
particles produced. It is remarkable that when
dichloromethane was the only reaction medium, no MSM
were produced. MSM-3 was chosen as the optimal
formulation.

Fig. 1: SEM images of various mesoporous silica micro
particles MSM-1(A), MSM-2(B), MSM-3 (C) and MSM-

4(D)

Fig. 2: SEM images of mesoporous silica micro particles
MSM-5 (E).

FTIR spectroscopy

FTIR spectroscopy was utilized to examine the generated
MSM for the purpose of confirming its identity and
characterizing the functional groups found on silica

Yasir Mehmood et al.

particles, as depicted in fig. 3. The distinctive absorption
bands of the MSM, observed at 797, 1053, 1636 and 3396
cm’, are occasionally associated with specific features
such as the presence of siloxane linkages (797.97)
(Wardhani et al., 2017), Si-O-Si bending (1053.78 cm™),
silanol (Si-OH) symmetric stretching (3396.49) (Liu et
al., 2015, Sevimli and Yilmaz, 2012) and bending
vibrations at 1636 cm™ (Liu et al., 2015, Wardhani et al.,
2017). Broad bands at 3430cm™ and 3454cm™ are linked
to O-H stretching, and bands at approximately 1625cm™
can be linked to water O-H bending in the case of all
formulated silica frameworks. All micro particles MSM-1
to MSM-5 showed the same peaks with different
intensities. Thus, the FTIR spectra testified to the purity
of the synthesized samples.
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Fig. 3: FTIR spectrum of mesoporous silica Micro
particles.

e MSM-1
v MSM-2
o
>
= MSM-3
[ =4
@
€ M\.’\_A
= MSM-4
MSM-5
T T T 1
10 20 30 40

2 Theta Scale

Fig. 4: XRD pattern of selected mesoporous silica Micro
particles (MSM).

Wide-angle X-ray diffraction

Wide-angle X-ray diffraction was utilized to examine the
crystalline and amorphous properties of the MSM-1 to
MSM-5. Three diffraction peaks are produced by the
MSM in the XRD study, which is used to identify the
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particles as mesoporous silica (Lai et al., 2003, Slowing et
al., 2006). The produced SiO2 samples' amorphous nature
was confirmed by the X-ray diffraction patterns, as shown
in fig. 4. The amorphous nature of MSM-1, MSM-2, and
MSM-3 was confirmed by two large peaks seen at 25°
and 10°. (Ghani, Saeed et al., 2017, Huo, Ouyang et al.,
2014), as depicted in fig. 4. Different diffraction peaks
were observed in MSM-4 and NAM-5. MSM-4 displayed
two diffraction peaks, which indicated its non-order
structure. Diffraction peaks at (100, 110 and 200)
emerged at 20. These peaks were in accordance with the
literature. Same peaks with high diffractions were seen in
MSM-5 along with other multiple peaks. Once the peaks
positioned shifted from the standard place, it indicated the
degree of order reduced.
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Fig. 5: Cell viability after exposure of silica micro
particles for 24 hours. Black asterisk show comparison
between untreated and treated cells. Blue asterisk shown
comparison between MSM-1 to MSM-4 Where * =
p<0.05, ** = p<0.005 and *** = p<0.001. When
compared with untreated significant reduction in cell
viability was observed in MSN-3.

In vitro toxicity testing

Using a human-derived hepatoma cell line (HepG2), in
vitro cell viability (MTT assay) investigations employing
four different formulations MSM-1 to MSM-4
(500pg/mL) were carried out. HepG2 cells treated with
the formulation and exposed to a high concentration
(500png/mL) of all MSM particles, which had reduced cell
viability (fig. 5). The production of MSM-3 using a ratio
of water and dichloromethane (2:1) appears to be nearly
harmless and biocompatible. The percent toxicity
generated by MSM at concentrations (500ug/mL) was

correspondingly 20.47 1.13, 27.11 5.56, 30.00 7.48, 39.63
8.17 and 53.31 1.86g/mL, suggesting a dose-dependent
cytotoxic pattern. MSM-3 50% inhibitory concentration
(ICs0) against HepG2 cells after 24 hours of exposure was
calculated to be 776.2ug/ml, demonstrating the
substance's comparatively low toxicity.

DISCUSSION

In order to produce MSM of controllable size and shape,
we present a simple one-step synthesis approach for MSM
that involves reacting TEOS with positively charged
CTAB and dichloromethane-water combination at varied
proportions under standard circumstances. To examine
the impact of the solvent/co-solvent concentration on the
prepared MSM, the ratio of dichloromethane to water was
systematically  changed. In order to  create
dichloromethane-water combinations with the requisite
qualities, five experiments were carried out in one set. We
gradually increased the amount of water in the
dichloromethane. The amount of CTAB in the
experimental sets was fixed at 500mg. As previously
documented, the micellization process of different
surfactants can be impacted by the presence of additives
such co-solvents, which can also enhance or decrease the
CMC (Dey et al., 2017, Rajput et al., 2016). According to
Jalali and Gerandaneh (2011), different organic solvents
have known impacts on CTAB CMC (Hoque et al.,
2022); nonetheless, the amounts of CTAB used in our
investigation were significantly greater than its CMC to
create spherical micelles.

Once the critical micelle concentration is surpassed, the
individual surfactant monomers undergo self-aggregation
to form spherical micelles. By subjecting the negatively
charged silica to the positively charged micelles under
specific conditions, a range of MSMs with different sizes
were effectively created. These conditions were
determined based on the composition of the
dichloromethane-water mixture. More intriguingly, the
addition of TEOS made the reaction media opaque,
allowing observers to see that the reaction speed increased
as the amount of dichloromethane rose. The process
proceeded with hydrolysis and subsequently TEOS
condensation at the polar head region of CTAB micelles
in the presence of NaOH, which served as a catalyst. The
varied dichloromethane-water mixes determined the
overall morphology of MSM, as demonstrated by the
SEM figs. because to modest changes in micelle
production in these mixtures, which eventually produced
variances in the placement of the silica precursor at the
top of the micellar template (fig. 1) (Vazquez et al.,
2017).

The FTIR spectra provided confirmation of the presence
of silicate in the produced MSM. Our findings are
consistent with previous reports that demonstrate similar
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FTIR results for MSM, further validating our results.
(Maleki and Hamidi, 2016, Wardhani et al., 2017). The
generation of MSM particles and their amorphous nature
were additionally confirmed through XRD analysis, as
these particles displayed two wide peaks at 10° and 25°,
consistent with the description found in the existing
literature.

CONCLUSIONS

In this study, using a straightforward sol-gel process and a
variety of water and dichloromethane ratios, we
effectively created MSM with a commendable yield.
Proportions of water and dichloromethane (2:1) in the
formulation produced homogenous, monodispersed
particles with an average size of 1.0um. These particles
are compatible with cells in sufficient concentrations,
according to in vitro cytotoxicity testing. In particular, its
high yield, large surface area and tiny particle size, along
with its comparatively quick synthesis, make it an
appealing choice for pharmaceutical applications such as
improving drug solubility, controlling drug release, and
targeting.
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