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Abstract: Mesoporous Silica Nanoparticles (MSN) are porous inorganic materials that have been
extensively used for drug delivery due to their special qualities, such as biocompatibility, biodegrad-
ability, and non-toxicity. MSN is a promising drug delivery system to enhance the efficacy and
safety of drug administration in nasal diseases like chronic rhinitis (CR). In this study, we used the
sol-gel technique for MSN synthesis and incorporate fluticasone propionate (FP) for intranasal drug
administration for the treatment of chronic rhinitis (CR). In order to confirm the particle size, shape,
drug release, and compatibility, various instruments were used. MSN was effectively prepared with
average sizes ranging between 400 ± 34 nm (mean ± SD) as measured by dynamic light scattering
(DLS), while zeta potential verified in all cases their positive charged surface. To investigate MSN
features, the Fourier transform infrared spectrometer (FTIR), scanning electron microscopy (SEM),
transmission electron microscope (TEM), thermal analysis, X-ray diffraction (XRD), and nitrogen
adsorption/desorption measurement were used. The loaded compound was submitted to in vitro
dissolution tests, and a remarkable dissolution rate improvement was observed compared to the
crystalline drug in both pH conditions (1.2 and 7.4 pH). By using an MTT assay cell viability was
assessed. The expression levels of the anti-inflammatory cytokines IL-4 and IL-5 were also measured
using mRNA extraction from rat blood. Other characterizations like acute toxicity and hemolytic
activity were also performed to confirm loaded MSN safety. Loaded MSN was incorporated in nasal
spray prepared by using innovator excipients including poloxamer. After this, its nasal spray’s
physical characteristics were also determined and compared with a commercial product (Ticovate).

Keywords: nasal spray; in-vitro; cell viability; controlled; crystalline

1. Introduction

Chronic rhinitis (CR) is a common inflammatory disease of the nasal passages and
sinuses that can significantly impair a person’s daily function and quality of life [1,2]. It is
generally characterized by nasal congestion and runny nose lasting at least 12 weeks [2].
Treatment approaches for patients with CR involve a complex combination of surgical
and pharmacological therapies, but topical and systemic steroid use is fundamental to
managing this condition [3]. Endoscopic sinus surgery (ESS) treats CR, refractory to con-
ventional medical therapy, by promoting sinus airway patency and clearing the sinuses
while reducing the severity of inflammation. It is widely recognized as the surgical proce-
dure of choice [4]. Even while surgery isn’t usually straightforward and painless, it can
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have risks like significant postoperative bleeding, mucosal adhesions, infection, inflamma-
tion, and subpar surgical results. Contrarily, because of their powerful anti-inflammatory
characteristics steroids are frequently utilized in the treatment of CR [5]. However, while
oral steroids are effective, their use is associated with several adverse effects [6]. Due to
their favorable safety profile, topical steroids are being used more frequently, and both
patients and doctors prefer intranasal delivery using a variety of nasal sprays [7]. Intranasal
steroids are considered to be the cornerstone of CR therapy because they provide high
local drug concentrations with minimal systemic exposure [8,9]. It has been shown that
fluticasone propionate (FP) works well to treat nasal inflammatory diseases [10]. It has
been utilized for sinus reasons in clinical practice for more than 20 years, and a wealth
of literature demonstrates its therapeutic characteristics for such illnesses [11]. FP is a
highly lipophilic, sparingly water-soluble (0.0108 mg/mL) drug with a relatively low risk
of systemic absorption [12]. Bioavailability is reported to be less than 11%, but a study of
repeated doses of inhaled corticosteroids suggests a bioavailability of 11% [12]. The 0.1%
ointment has a bioavailability of 0.7%. The terminal half-life of an inhaled dose is approxi-
mately 5 h, while other sources report 5.8 h. The poor water solubility of drugs is one of the
biggest problems in drug development [13]. Insoluble drugs require excipients to enhance
solubilities, such as surfactants, co-solvents, micellar solutions, chelating agents, and lipid
formulations [14,15]. Unfortunately, there is a need to resolve the issues of insolubility
more effectively to reduce the side effects of molecules [16].

Certain anatomical, physiological, chemical, and therapeutic obstacles associated with
conventional dosage forms can be bypassed by nanotechnology-based drug administra-
tion [14,17]. Various key therapeutic agents, including nucleic acids, peptides, and tiny
hydrophobic or hydrophilic molecules, can be delivered into different biological systems by
means of nanoparticles [18]. Potential advantages of NPs include enhanced drug solubility
and stability, enhanced bioavailability at target sites, and extended duration of action
through controlled release rates [19]. These properties enhanced drug loading and release
capabilities. To have biomedical applications, such particles must have specific particle
sizes, pore sizes, shapes, and pore geometries [20]. Nanotechnology-based drug deliv-
ery can overcome certain anatomy [17]. There are numerous types of nanoparticles [21].
Among these nanoparticles, silica nanoparticles possess more attraction due to their good
properties [22,23]. The use of silica as a substrate in nasal drug delivery and pulmonary
drug delivery has a special advantage. Due to it being biocompatible, silica is frequently
employed in inorganic nanoparticles. Silica nanoparticles are very porous and highly
tuneable in terms of pore size, density, and total surface area, they are great tools for
creating drug delivery systems [24]. This system has several advantages over polymeric
nano delivery systems like its huge drug loading, less leakage of drugs, olfactory mucosal,
and lung biocompatible [25]. It is also stable in olfactory mucosal pH (5.5–6.5), which can
increase rhinitis (7.2–8.2) [26]. In several studies, silica nanoparticles were used for pul-
monary drug delivery because of their good inhaled properties, and after administration,
silica nanoparticles can reach the target tissue or target site (like tumors, lungs, etc.). After
reaching the target site it can be engulfed by the mononuclear phagocyte system where it
is degraded by the hydrolyzation and silica matrix changed into orthosilicic acid which
returns to blood circulation and finally is removed from the body [25].

Silica can be synthesized by various preparation techniques in the form of NPs, trans-
parent films, or solid flat materials [27]. Silanols and siloxanes group which are present on
the surface of silica particles can be triggered by synthesis modification [28]. The aim of
this work was to formulate a poorly soluble, short-half-life drug-loaded MSN intended for
intranasal administration in order to control release and increase drug loading capacity.

2. Materials and Methods
2.1. Chemicals

Tetraethyl orthosilicate (TEOS), acetonitrile, hydrochloric acid, and Cetyltrimethylam-
monium bromide (CTAB) were purchased from Dae-Jung chemicals (Seohaean-ro Sinan,
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Gyeonggi, Korea). Fluticasone Propionate was graciously provided by Saffron Pharmaceu-
ticals (Faisalabad, Pakistan). Spectrum Medical Industries sold dialysis membranes having
a molecular weight cutoff (MWCO) of 8000 Da (Houston, TX, USA). Pharmaceutical-grade
materials poloxamer, Microcrystalline, Cellulose (MCC), and Sodium Carboxymethylcel-
lulose (CMC) were employed (JRS PHARMA GmbH & Co. KG Holzmühle, Rosenberg,
Germany). Throughout the studies, double-distilled and purified water that was manu-
factured on-site was used. Ticovate nasal spray (Saffron Pharma, Faisalabad, Pakistan)
was purchased from the market andwas used for comparison. The rest of the reagents and
solvents were all analytical-grade and utilized exactly as they were given to us.

2.2. Preparation of Mesoporous Silica Nanoparticles

We recently reported using a modified sol-gel technique to synthesize mesoporous
silica nanoparticles [29]. We selected MSN produced with a 1:1 acetonitrile to water ratio
for this study from many trials because of their ideal size and form. In a 250 mL flask,
100 mL of an acetonitrile-water (1:1) combination was stirred for 15 min at 35 ◦C. After
that, 300 mg of CTAB was continuously poured into the aforementioned solution while
maintaining the same temperature and nitrogen atmosphere. After creating a clear solution,
5 mL TOES was gradually added using a 10 mL syringe while being constantly stirred for
an hour. The reaction started as soon as the resulting solution swiftly turned opaque or
milky white. The white gel (MSN) was filtered using a 0.1-micron Sartorius filter while
compressing with nitrogen. It was then washed three times with deionized water and
allowed to air dry for eight hours at room temperature. The dried bulk was then entirely
stripped of the surfactant template by being calcined at 500 ◦C for 6 h.

2.3. Drug Loading in MSN

Weighted fluticasone propionate was dissolved in methanol at a concentration of
100 mg/100 mL. FP solution and 100 mg of MSN were combined while being stirred at
1500 rpm for three hours and then stored for three days. The loading and storing were done
in closed containers outside in the open air. To fully remove the methanol, the mixture
was then dried at 55 ◦C for more than a day. The dried composite samples, referred to
as MSN-FP, were washed with water and again dried. Drug loading sketch was shown
in Figure 1.
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2.4. Preparation of Nasal Spray Nano Formulation by Using Fluticasone Propionate Loaded MSN

Nasal spray formulations were prepared using MSN preloaded with fluticasone pro-
pionate (MSN-FP). This formulation used the same excipients as the original product,
microcrystalline cellulose (MCC) and sodium Carboxymethylcellulose (CMC). Poloxamer
was also used. Purified water was placed in a large container, then CMC and MCC were
added to the container, and homogenization was started. After 2 h, the poloxamer was
added to the mixture and continuously mixed and homogenized. After 1 h, slowly add
fluticasone propionate (MSN-FP) while continuing to stir. Once a uniform mix is achieved,
begin filling the container with the nasal spray.

2.5. Determination of Entrapment Efficiency

Each 100 mg of MSN-FP was measured with an analytical balance. MSN-FP was
separately combined with 100 mL of methanol while being gently stirred for an hour. A
validated HPLC method was used to quantify the filtrate after the combination had been
filtered. The Shimadzu LC 20AB HPLC system had a UV-VIS detector and a 1000-pressure
pump (Shimadzu Scientific Instruments, Kyoto, Japan). Ammonium acetate buffer (pH =
7.6), methanol, and acetonitrile were employed as the mobile phase in a ratio of 10:50:40
(%v/v) on an Agela C18 column (250 × 4.6 mm, 5 µ) as the stationary phase. The UV
detector was set at a wavelength of 254 nm, the injection volume was 20 µL, and the mobile
phase flow rate was 1.0 mL/min. Drug loading efficiencies were computed in triplicate and
compared with the resulting chromatograms to standards. The nasal spray stability and FP
leakage from MSN within the nasal spray were both determined using the same process.

Entrapment efficiency (%)=
Drug added − Free drug

Drug added
×100 (1)

2.6. Particle Size, Polydispersity Index (PDI) and Zeta Potentials

Using a particle size analyzer and photon correlation spectroscopy (PCS), the average
particle size, PDI, and zeta potential were calculated (Zetasizer, Malvern Instruments,
Malvern, UK). In this technique, nano nasal sprays were made in filtered water and used
right away to assess the PDI and particle size.

2.7. FTIR Spectroscopy

In this study, we used an FTIR spectrometer from the USA (Thermo Scientific Nicolet
iN5 FTIR) equipped with an attenuated total reflection crystal cell. In this method, a spatula
is used to place a small amount of sample on the instrument and clamp the sample. There
was no need to prepare a sample for this FTIR. Using this method, spectra of MSN, FP,
poloxamer, MSN-FP, and nano nasal spray were recorded in the range 400–4000 cm−1.

2.8. DSC and TGA Study

Pure drugs, MSN and MSN-FP, were subjected to scanning calorimetry using a Di-
amond Series DSC from PerkinElmer (Waltham, Massachusetts, USA). The sample was
placed in a standard empty aluminum crucible with a hole drilled in the center and then
scanned over a temperature range from 30 to 300 ◦C at a rate of 10 ◦C min−1 under a
nitrogen atmosphere. TGA was also performed on a pure drug, MSN and MSN-FP.

2.9. XRPD Study

The pure drug, MSN and MSN-FP were exposed to an X-ray powder diffraction
analyzer made by D8ADVANCE, Bruker, Germany. The radiation was Cobalt filtered Fe2+

having a wavelength of 1.7890◦A. Data were recorded from 2θ angle of 5◦ to 50◦ at a step
size of 0.02◦ and scanning speed of 4◦/min.
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2.10. Morphology STUDY

Morphological analysis was performed using a scanning electron microscope (JEOL
Ltd., Tokyo, Japan). The pure drug, MSN-FP, and MSN-FP within nasal spray were
examined through SEM using adhesive tape coated with gold using a sputter coater. At
200 kV TEM images were taken with a JEOL JEM 2100F field Emission Gun. Almost for
15 min, the MSN-FP sample was washed in (Elma S 30 H) ultrasonic bath with ethanol
before the assay.

2.11. Nitrogen Adsorption–Desorption Analysis

Utilizing a Gemini VII 2390 surface area analyzer (Micromeritics Instrument Corp.,
Norcross, GA, USA) operating at −196.15 ◦C, the micro-meritic parameters, including
surface area, pore volume, and size, were measured. Prior to analysis, the material was
degassed at 200 ◦C for 24 h. Adsorption-desorption data were subjected to the Barrett-
Joyner-Halenda (BJH) and Brunauer-Emmett-Teller (BET) techniques to evaluate pore
properties [30].

2.12. In-Vitro Release Study

The dialysis membrane method was used to conduct in vitro release tests on the
medicinal material and nano nasal spray. Briefly, a dialysis bag (MWCO 12-14000 Daltons,
Medicell International Ltd., 239 Liverpool Road, (Liverpool, UK) was filled with a nasal
spray containing 1 mg of medication and was sealed in a pouch. The dialysis bags were then
individually suspended in 500 mL of media maintained at 37 ± 0.5 ◦C with continuous
agitation at 50 rpm, containing 0.1 M HCl, pH 1.2, and phosphate buffer, pH 7.4. At
specified intervals up to 8 h, samples of 2.0 mL were obtained, and the same volume of
fresh medium was added while maintaining the same conditions. The resulting filtrate was
collected from a 0.45 µm pore size, diluted with mobile phase, and used for HPLC analysis.
The concentration of the drug in formulated samples was quantified using a calibration
curve (R2 = 0.998) generated during method validation studies [31]. The percentage release
of the drug was calculated by following Equation (2) [32,33]:

Drug release percentage =
sample absorbance

standard absorbance
× 100 (2)

2.13. In-Vitro Diffusion Studies

This experiment was performed by using Franz Diffusion Cell. Silicon membrane was
used in this experiment. The permeation through the silicon membrane of the MSN-FP and
the pure drug was evaluated in vitro, using a vertical Franz diffusion cell (SES Analytical
Systems, GmbH, Germany), with a donor surface area of 1.2 cm2 and a receptor volume of
5.2 mL. The semisynthetic membrane (silicon SAMCO (Nuneaton, UK) was placed between
the donor and receptor chambers of the Franz diffusion cell having the epidermal side up.
The donor chamber of 1.0 mL volume covered with paraffin was filled with a sample. While
the receptor chamber has phosphate buffer saline of pH 7.4 at 37 ± 0.5 ◦C temperature
circulating water. The membrane was placed in contact with the receptor phase for the time
of 0.5 h at a temperature of 37 ± 0.5 ◦C earlier to the experiment. Samples (0.5 mL) were
withdrawn at pre-determined time intervals over 8 h (0.5, 1, 2, 4, 6, and 8 h) of receptor
phase and analyzed through a UV spectrophotometer at 254 nm while the cell was re-filled
with an equivalent concentration of newly prepared buffer solution [34,35].

2.14. In Vitro Cell Viability Studies

The University of Lahore got a human hepatocyte cell line (HepG2) from the American
Type Culture Collection (ATCC). At room temperature, 95% (v/v) humidity, and 5% (v/v)
CO2, cells were maintained in DMEM supplemented with 10% (v/v) FBS. One day before
MSN incubation, cells were sown close to confluency. As a measure of cell viability and
proliferation, the MTT assay (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
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measures the activity of the mitochondrial succinate dehydrogenase enzyme [36]. For 24 h,
different MSN-FP nano nasal spray doses (50–400 g/mL) were applied to the cell culture
medium. Each well was then filled with 15 µL of MTT (5 mg/mL) in phosphate buffered
saline (PBS), which was added, and incubated at 37 ◦C for an additional 4 h. A microplate
reader was used to measure the formazan crystals’ absorbance at 570 nm after the medium
had been gently aspirated with an MTT, solubilized in 100 µL of dimethylsulfoxide (DMSO),
and formed in each well [37]. The percentage of cell viability was determined using the
following formula.

% cell Viability =
Abs o f treated cell − Abs o f blank

Abs o f Control − Abs o f Blank
× 100

2.15. Hemolytic Investigations

To conduct the hemolytic study, blood was collected in an ethylene diamine tetra acetic
acid-containing tube, centrifuged at 1500 rpm for 5 min, the supernatant was removed and
the precipitate was washed 3 times with phosphate buffer saline (PBS). Then, 200 µL of
washed blood sediment was added to 3.8 mL of phosphate buffer saline and vortexed for a
few minutes. After that, samples were kept at 37 ◦C for 2 h followed by centrifugation for 5
min at 1600 rpm. Note the supernatant absorbance at 541 nm. In this experiment, Triton-X
was selected as the positive control and the phosphate buffer saline was as a negative
control, and % hemolysis was determined by using Equation (3) (Assadi et al., 2018).

% Hemolysis = ABS − ABS0/ABS100 − ABS0 ∗ 100% (3)

2.16. Acute Toxicity Studies

According to Organization for Economic Co-operation & Development Toxicity guide-
line, the animal model was executed for MSN-FP formulation toxicity. Experiments were
conducted with ethics approval from the Institutional Research Ethics Committee (Rashid
Lateef College of Pharmacy IRB No (RLCP-EP/5/2021) 12 rats weighing 150–170 g were
purchased from Tollinton market, Lahore, Pakistan and kept in the animal house of RLCP
for fourteen days. Four groups were divided, and three rats were in each group (Control,
Diseased, Pure drug, and MSN-FP). Rhinitis was established in rats using an ovalbumin
(OVA) sensitization method [38]. Pure drug and MSN-FP were topically administered by
nasal route in the test group and survived on water and food in to control group. On the
14th day of the study blood samples were collected and examined various biochemical
parameters [39].

2.17. Determination of Pro-Inflammatory Cytokines IL-4, IL-5 mRNA Expression

Airway inflammation is mediated by chemokines and cytokines. Cytokines are pro-
duced by eosinophils, lymphocytes, and mast cells. Pro-inflammatory cytokines (IL-4
and IL-5) produced primarily by Th-2 lymphocytes cause intense inflammation in allergic
asthma. These proteins recruit Th-2 lymphocytes, neutrophils, mast cells, and eosinophils.
Both eosinophils and mast cells play important roles in the pathogenesis of asthma. These
cells produce cytokines and leukotrienes, causing bronchoconstriction. 12 rats weighted
150–170 g were purchased from Tollinton market, Lahore, Pakistan, and kept in the animal
house of RLCP. Four groups were divided, and three rats were in each group (Control,
Diseased, Pure drug, and MSN-FP). Rhinitis was established in rats using an ovalbumin
(OVA) sensitization method [38]. Pure drug and MSN-FP were topically administered by
nasal route in the test group and the control group survived on water and food. Tissue
mRNA expression levels of the proinflammatory cytokines IL-4 and IL-5 were measured by
reverse transcription-polymerase chain reaction. Total RNA was extracted from the lung
tissues of rats using the standard TRIzol method. First stand cDNA synthesis was done by
reverse transcription, and different components were used to complete it. The resulting
prepared cDNA was stored at −20 ◦C for further use as a template for PCR. The cDNA
prepared by reverse transcription was further amplified by polymerase chain reaction.
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The PCR protocol included denaturation at 95 ◦C for 10 s, annealing at 58–60 Co for 20 s
(35 cycles), and extension at 72 ◦C for 30 s.

2.18. Physical Appearance, Viscosity and pH Determination

MSN-FP nano nasal spray was checked for its physical properties. There on, 1%
dispersion prepared in an aqueous medium was tested for pH by using a digital pH meter
(Xylem Analytics, GmbH & Co. KG, WTW-Weilheim, Germany). The formulated MSN-FP
nano nasal spray was evaluated for its viscosities at 0.5, 1, and 2 rpm by the using Brookfield
viscometer (Model DV-II) using Spindle #21.

3. Results

In the medical treatment of CR, a chronic inflammatory illness defined by the buildup
of very viscoelastic mucus in the sinuses, topical steroids is the first line of treatment. The
inadequate distribution of topical steroids to the nose and sinuses, however, frequently
results in a restricted therapeutic response. Utilizing MSN for localized medication adminis-
tration may help ensure constant delivery to desired locations, increase contact time, elevate
local drug concentrations, and reduce systemic side effects while improving therapeutic
outcomes. Utilizing a modified sol-gel process, MSN-FP was created. In order to improve
solubility, MSN-FP was added to the formulation for nasal spray and further investigated
for stability.

3.1. Particle Size, Polydispersity Index (PDI) and Zeta Potentials

The size and size distribution of this formulation was determined and characterized
using DLS. Figure 2 shows a size distribution diagram of MSN-FP within the water. The
DLS result showed that the hydrodynamic diameter of the MSN-FP was 400 nm with PDI
of 0.382 and charge was −10 mV.
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3.2. FT-IR Analysis

Using FTIR spectroscopy in the 400–4000 cm−1 spectrum range, the produced MSN
were examined for identification and characterization of functional groups contained in
silica particles, as shown in Figure 3. Mesoporous silica nanoparticles had characteristic
silicate absorption bands at 797, 1053, 1636, and 3396 cm−1, which are often attributed to
siloxane bonds (797.97) [40], Si-O-Si bending (1053.78 cm−1) and silanol (Si-OH) symmetric
stretching (3396.49) [41,42] and bending vibrations at 1636 cm−1 [40,42]. FP has a distinct
FT-IR spectrum as shown in Figure 3. The monohydrate form has a broad and weak peak
at 3500–3600 cm−1. This is believed to be an O–H stretch of water molecules within the
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crystal lattice. These characteristic bands reflect the ‘strongly bound’ water or water of
crystallization observed in numerous hydrates [43]. This is confirmed by the monohydrate
crystal structure. The water molecule is tightly bound to the FP molecule by three types
of hydrogen bonds. The three peaks in the carbonyl region between 1650 and 1750 cm−1

reflect the three carbonyl groups of the FP molecule. Both forms peak at 1732 and 1658 cm−1.
However, the 1723 cm−1 carbonyl peak of the monohydrate shifts to 1706 cm−1. Assigned to
ester carbonyls that do not participate in hydrogen bonding [43]. The stretching of C=O was
noticed at 1635 cm−1 which represents the presence of amide-I while at 1540 cm−1 of the
amide-II (N-H bend) group in FP. The existence of the carboxylic group was confirmed by a
minor peak noted at 1350 cm−1. These findings are supported by previous studies [44–46].
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FTIR of MSN-FP shows a small peak indicating successful loading of FP onto MSN
particles. Bending of Si-O-Si (1053.78 cm−1) and symmetric stretching of silanol (Si-OH)
(3396.49) [41,42] and bending vibrations at 1636 cm−1 [40,42] is present in MS-FP and MSN-
FP Nano nasal spray, which clearly indicated MSN-FP present into stable form within nasal
spray suspension and the drug is present in amorphous form. The vibrational starching at
2950 cm−1 belongs to the methanetriyl group. In Figure 3, major peaks were observed at
2900 cm−1 and 1710 cm−1, which shows an asymmetric stretch FP. In the FTIR of MSN-FP,
the alkenyl stretch (C=C) shifted from 1632 cm−1 to 1655 cm−1.

3.3. Thermal Analysis

A differential Calorimeter modeled Q-2000 made by TA USA was used to evaluate
FP and MSN-FP. The temperature range was 25 ◦C to 500 ◦C, adjusted at a rate of heating
20 ◦C/min. The response of FP and MSN-FP formulation against heat flow was shown
in Figure 4. As shown in Figure 4, the DSC curve of FP exhibits an endothermic peak at
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50 ◦C, which corresponds to its intrinsic melting points due to dehydration and elimination
of other volatile components. An exothermic peak at about 150 ◦C is observed, which
can be attributed to glass transition temperature Tg. At approximately 250 and 415 ◦C,
two overlapping endothermic peaks have been found. This thermal process suggested that
FP significantly degrades during the melting phase, and it was observed that 8% substantial
weight loss was found over the same temperature range (TGA Figure 4). The complex
thermal events around the melting point indicate that FP undergoes significant degradation
during melting. It agrees with the observed significant weight loss of 8% detected over the
same temperature range by TGA Figure 4 [43]. In MSN-FP, no sharp exothermic peak was
found at 50 ◦C, but an exothermic peak was found at the same position and temperature
that recognized that FP is poured into pores of MSN in amorphous form. However, a weak
and broad exothermic peak appears at 150 ◦C and 200 ◦C in MSN-FP, which indicates a
noncrystalline state of drug entrapment into MSN. The 16.2% weight loss observed over the
temperature range of 25–250 ◦C by TGA Figure 4 agrees with the calculated water content of
3.3% for the monohydrate. The melting peak depression of the MSN-FP may be attributed
to the partial interaction of the drug with the surface of mesoporous nanoparticles which
are rich in silica groups, causing partial amorphization of the FP drug [47].
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3.4. Morphological Analysis

MSN prepared generally have high porosity. MSN showed a spherical shape after
the particles were scanned using an electron microscope. The porous surface appeared on
the MSN particle which was ensured by Nitrogen adsorption-desorption analysis, and it
may be the result of phase evaporation during particle hardening. The controlled release
properties of the drug particles that are entrapped in this MSN surface porosity make
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it a crucial component of the delivery system [48]. Figure 5B,C illustrated an electric
microscopic view (SEM and TEM) of MSN-FP and the view showed well-dispersed MSN
particles. API crystalline particles and commercial products of nasal spray also showed in
Figure 5A which depicted large crystal particles within the formulation.
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3.5. X-ray Diffraction (XRD)

The XRD patterns for MSN, poloxamer, CMC, MSN-FP, and pure FP are presented
in Figure 6. MSN showed low-intensity peaks in start at 2-theta values. Poloxamer and
CMC also showed some low-intensity peaks in different values. Two broad peaks of MSN
indicated its semi-order structure of mesoporous particles.

FP exits sharp peaks with crystalline forms [43]. XRD patterns were similar to that
of polymorphs with major peaks observed at characteristic diffraction peaks at 2-theta
values of 9.3, 13.3, 15.8, 16.3, 20.9, 12.5, and 26.4 at 2-theta values [43], corresponding to the
crystalline trend of FP. However, no prominent sharp peaks were noted except 13.3 and
16.1 in MSN-FP that confirmed the shifting of FP into amorphous form because of enlarged
pore confinement with polymer matrix.

3.6. Nitrogen Adsorption-Desorption Analysis

Characterization of MSN-FP synthesized by the modified sol-gel method has high
porosity (Kawashima et al., 1992). BET analysis was used for the evaluation of surface area
(354.9 m2/g), pore size (6.1 nm), and volume of blank MSN. From the results, it was noted
that significant reduction in BET surface area of MSN-FP than unloaded MSN due to the
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entrapped drug. Likewise, pore size (5.1 nm) and surface area (254.2 m2/g), were also
decreased in MSN-FP as compared with unloaded MSN shown in Figure 7.
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3.7. In Vitro Transcellular Permeability

This study was primarily aimed at verifying the in vitro transcellular permeability of
formulated pH 7.4 MSN-FP through silica membranes. Degassed buffer was used to fill
the clean, dried receptor cells and placed them in a magnetic block heated at 37 ± 0.5 ◦C
for 15 min. A pre-hydrated silica membrane was used between the matching donor and
acceptor compartments, an internal compartment filled with 1 g MSN-FP suspension in
water. The opening was sealed with parafoil to prevent direct evaporation. A speed of
200 rpm was maintained to agitate the receptor compartment. A final sample with a
volume of 0.5 mL was taken with a glass syringe for analysis at a wavelength of 254 nm
using a UV spectrophotometer. A fresh preheated equal volume was reintroduced to
maintain sample volume in the receiving chamber. In vitro permeation studies showed
that the formulation could increase the time of FP administration compared to the pure
drug suspension in water shown in Figure 8. These results suggest that MSN-FP has great
potential for drug diffusion.
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3.8. In-Vitro Release Study

FP pure drug and formulation MSN-FP was synthesized with the aim to maintain the
drug release for up to 8 h in order to deliver over-period action. The in-vitro FP release
profile from the MSN-FP showed a biphasic type sustained release pattern (Figure 9). Pure
drug release pattern is very slow in both pH (1.2 and 7.4) which means that FP is an
insoluble drug (0.00402 mg/mL water solubility). In both media, it has shown almost
the same pattern of poor solubility (30% release). Formulations (MSN-FP) exhibited a
burst release pattern of the drug (35–40%) within the first hour of dissolution followed
by the continual drug release pattern. A possible explanation for the initial burst release
of MSN-FP is that some of the drug molecules may have adhered to the surface of the
silica nanoparticles, causing a rapid increase in drug dissolution during the first hour of
the release study. The negatively charged carboxyl group of FP interacts weakly with the
negatively charged silanol group of silica nanoparticles which is unable to stop the burst
release [49]. The later sustained release trend was attributed to the slow diffusion of the
drug from silica nanoparticles up to 84–90% within both media.

The above results suggested that the prepared silica nanoparticles could be applied as
promising drug vehicles for sustained-release systems.
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3.9. Kinetic Modeling

The release of FP from MSN-FP was investigated by using the different models on
dissolution data; zero order, first order, Korsmeyer-Peppas and Higuchi. In the present
study, MSN-FP was well suited for the zero-order release model (R2 = 0.9739) up to
8 h [50]. Thus, the rest of the mathematical model demonstrated the delivery of the drug
incorporated inside the polymeric system after developing the pores through a diffusion
mechanism [51]. Results Table 1 of R2 for Korsmeyer-Peppas (0.9184) indicated that MSN-
FP followed the super case-2 transport mechanism too, controlled by using a matrix of
water absorbency and subsequent relaxation [52].

Table 1. Kinetic Modeling of MSN-MP.

Models Fitted Equation R2

Zero Order Q = 4.3963t + 4.7393 0.9739
First Order Q = −0.1196t + 0.0704 0.8798

Higuchi Q = 25.877t1/2 − 22.862 0.9135
Korsmeyer-Peppas Q = 6.63902t0.85 − 2.83593 0.9184

Hixson Crowell (1 − Q)1/3 = 0.0269t + 1.0006 0.9270



J. Funct. Biomater. 2022, 13, 229 14 of 19
J. Funct. Biomater. 2022, 13, x FOR PEER REVIEW 15 of 21 
 

 

 
Figure 9. In-vitro drug release profile of pure drug and formulation studied at (a) acidic buffer pH 
1.2, (b) phosphate buffer pH 7.4 according to dialysis bag membrane method (n = 3). 

3.9. Kinetic Modeling 
The release of FP from MSN-FP was investigated by using the different models on 

dissolution data; zero order, first order, Korsmeyer-Peppas and Higuchi. In the present 
study, MSN-FP was well suited for the zero-order release model (R2 = 0.9739) up to 8 h 
[50]. Thus, the rest of the mathematical model demonstrated the delivery of the drug in-
corporated inside the polymeric system after developing the pores through a diffusion 
mechanism [51]. Results Table 1 of R2 for Korsmeyer-Peppas (0.9184) indicated that 
MSN-FP followed the super case-2 transport mechanism too, controlled by using a matrix 
of water absorbency and subsequent relaxation [52].  

Table 1. Kinetic Modeling of MSN-MP. 

Models Fitted Equation R2 
Zero Order Q = 4.3963t + 4.7393 0.9739 
First Order Q = −0.1196t + 0.0704 0.8798 

Higuchi Q = 25.877t1/2 − 22.862 0.9135 
Korsmeyer-Peppas Q = 6.63902t0.85 − 2.83593 0.9184 

Hixson Crowell (1 − Q)1/3 = 0.0269t + 1.0006 0.9270 

Figure 9. In-vitro drug release profile of pure drug and formulation studied in acidic buffer pH 1.2,
and phosphate buffer pH 7.4 according to dialysis bag membrane method (n = 3).

3.10. Haemolysis Investigations

The compatibility of MSN-FP nano nasal spray with blood was investigated through
hemolytic analyses. The results of hemolytic analyses (Figure 10) showed that MSN-FP
nano nasal spray did not cause significant hemolysis after the administration at concen-
trations 100, 150, and 200 µg/mL, but the rate of hemolysis was noted towards high
concentration i.e., 200 µg/mL. MSN-FP caused an immediate onset of hemolysis that soon
reached a plateau of 27.25% hemolysis at 200 µg/mL probably due to its negative charge
which might expel RBCs (−10 mV), which indicated that the extent of hemolysis was
concentration-dependent (Figure 10). Results of the present study demonstrated that cell
viability depended upon concentration and cells were alive after incubation with MSN-FP
nano nasal spray which confirms blood compatibility.

3.11. In Vitro Cell Viability Testing

According to the results of the MTT assay conducted on the human hepatoma cell
line (HepG2) exposed to five different concentrations (100, 150, 200, and 400 µg/mL) of
MSN-FP Nano nasal spray, the viability of cells was less at concentration ≥400 µg/mL of
MSN-FP nano nasal spray formulation (Figure 11). The concentration of MSN-FP nano
nasal spray in water is nearly nontoxic and biocompatible. Percentage cell viability was
checked at 100, 150, 200, and 400 µg/mL of MSN-FP nano nasal spray and was found
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91.28 ± 5.36, 82.42 ± 2, 71.13 ± 21, and 66.17 ± 8.97 µg/mL respectively demonstrating
a dose-dependent pattern of cytotoxicity. The results of IC50 of the MSN-FP nano nasal
spray after 24 h of exposure to HepG2 cells was 890.65 µg/mL that indicating a relatively
non-toxic nature.
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3.12. Acute Toxicity Studies

In order to evaluate acute toxicity six healthy rats having an average weight of
150–170 g were chosen. These rats were divided into four groups with each group con-
taining three rats. The first group was entitled as a control group while the second group
was considered to be a diseased group in which diseased has been produced by of MSN-
FP group. MSN-FP group rats were administered a nasally spray volume of nano nasal
equivalent to 10 mg/kg, while the control group rats was given water and food. In order to
evaluate different parameters like body weight; a physical examination of rats were done
on the first day and 14th day of the study and all clinical findings were noted Table 2. About
1.0 mL of blood was drawn on the 14th day for biochemical and hematological analysis and
the results of such analysis have been illustrated in Table 2. Both the control and MSN-FP
nano nasal spray groups exhibit no morbidity or mortality. In comparison to the control
group, no significant change in hemoglobin, Hct, RBCs, and WBCs parameters have been
observed. Although there exist some minor differences between the two groups, however
all hematologic parameters were within normal ranges.

Table 2. Biochemical blood analysis.

Hematology
Group I Group II Group III Group IV

Control Disease Pure Drug MSN-FP

WBCs × 109/L 5.1 ± 0.41 6.8 ± 0.10 6.8 ± 0.17 5.3 ± 0.11

RBCs × 106/mm3 5.96 ± 0.12 5.16± 0.19 5.56 ± 0.11 5.87 ± 0.12

Platelets × 109/L 285 ± 0.31 269 ± 0.11 269 ± 0.21 272 ± 0.21

Monocytes (%) 7 ± 0.10 8 ± 0.21 8± 0.31 6 ± 0.13

Neutrophils (%) 42 ± 0.17 51 ± 0.41 51 ± 0.14 43 ± 0.21

Lymphocytes (%) 52 ± 0.91 63 ± 0.31 55 ± 0.21 51 ± 0.31

Eosinophils 3 ± 0.12 6 ± 0.18 2 ± 0.10 2 ± 0.17

3.13. Effect of FP-MG on IL-4, IL-5 mRNA Expression Level

Results indicate a significant increase in the mRNA level of IL-4 of group II (disease
group) as compared to group I (control) (6.78 ± 0.127 vs. 5.38 ± 0.179). Pure drug-
treated group III did not show a significant decrease in IL-4 levels as compared to group
II (6.60 ± 0.277 vs. 6.78 ± 0.117) may be due to its delayed absorbance in rat lung tissues.
However, there was a significant decrease in the IL-4 level of group IV which is MSN-FP
as compared to group II (5.52 ± 0.159 vs. 6.878 ± 0.137) shown in Figure 12A. Similarly,
the result showed in Figure 12B for the mRNA level of IL-5 of group II (disease group)
as compared to group I (control) (5.82 ± 0.127 vs. 4.57 ± 0.179). Pure drug-treated group
III did not show a significant decrease in IL-5 levels as compared to group II which is the
disease group (5.61 ± 0.277 vs. 5.82 ± 0.127. However, there was a significant decrease in
the IL-5 level of group IV which is MSN-FP as compared to group II which is a diseased
group (4.79 ± 0.159 vs. 5.82 ± 0.127) shown in Figure 12B. The results showed MSN-FP
when given intranasally to rats; inflammation significantly decreased total monocytes
count, eosinophils and neutrophils in the blood as shown in Table 2. Inhibition of mRNA
expression of IL-4 and IL-5 may be one of the mechanisms by which MSN-FP showed its
anti-inflammatory effect.
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group III did not show a significant decrease in IL-4 levels as compared to group II (6.60 ± 
0.277 vs 6.78 ± 0.117) may be due to its delayed absorbance in rat lung tissues. However, 
there was a significant decrease in the IL-4 level of group IV which is MSN-FP as com-
pared to group II (5.52 ± 0.159 vs 6.878 ± 0.137) shown in Figure 12A. Similarly, the result 
showed in Figure 12B for the mRNA level of IL-5 of group II (disease group) as compared 
to group I (control) (5.82 ± 0.127 vs 4.57 ± 0.179). Pure drug-treated group III did not show 
a significant decrease in IL-5 levels as compared to group II which is the disease group 
(5.61 ± 0.277 vs 5.82 ± 0.127. However, there was a significant decrease in the IL-5 level of 
group IV which is MSN-FP as compared to group II which is a diseased group (4.79 ± 
0.159 vs 5.82 ± 0.127) shown in Figure 12B. The results showed MSN-FP when given in-
tranasally to rats; inflammation significantly decreased total monocytes count, eosino-
phils and neutrophils in the blood as shown in Table 2. Inhibition of mRNA expression of 
IL-4 and IL-5 may be one of the mechanisms by which MSN-FP showed its an-
ti-inflammatory effect.  
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3.14. Physical Characterization

After preparation and successful characterization of MSN-FP, it was converted into a
nasal spray for use and was compared with commercial nasal spray for its physical post
preparation characteristic. For nasal spray applications, MSN-FP nasal spray formulation
was developed in liquid form. The pH of the nano nasal spray formulation was 6.1 (±0.1)
according to USP, which is appropriate for nasal products. The viscosity of the formulation
was 89 cpi at 25 ◦C. Results showed in Table 3.

Table 3. Physical parameters.

Formulation Appearance pH Viscosity (cpi)

MSN-FP
Nano-Nasal-Spray Opaque 6.1 ± 0.1 89 ± 14

Commercial product
(Ticovat) Opaque 6.3 ± 0.2 77 ± 18

4. Conclusions

The present study suggested that MSN-FP Nano nasal spray is a well-optimized
formulation for the potential treatment of severe Chronic Rhinitis. The in vitro studies
demonstrated that the following formulation might sustain release for up to 8 h. The
present study provides an innovative formulation in transdermal delivery of MSN-FP
Nano nasal spray for the treatment of severe Chronic Rhinitis. Minor adaptations in
various formulation factors can be fitted for other pharmaceutical usage and it will be a
subject of our future studies.

Author Contributions: Y.M. and H.S. make formulation and M.A.R., Y.A. and M.K. analyses after
the preparation of nasal spray. Y.M., H.S., M.A.R., Y.A. and M.K. all interpret the results, write and
corrected the article. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Deanship of Scientific Research at King Khalid University
for funding this work through group (large) research program under grant number RGP 2/70/43.

Institutional Review Board Statement: The protocol was approved by the institutional review board
Rashid Latif College of Pharmacy and Medical College, guidelines of the Faculty of Pharmacy, Rashid
Latif College of Pharmacy. Approval number: IRB No (RLCP/EP/5/2021).

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.



J. Funct. Biomater. 2022, 13, 229 18 of 19

Acknowledgments: The authors extend their appreciation to the Deanship of Scientific Research at
King Khalid University for funding this work through group (large) research program under grant
number RGP 2/70/43.

Conflicts of Interest: The authors declare no conflict of interest in the current study.

References
1. Poluan, F.H.; Marlina, L. Prevalence and Risk Factor of Chronic Rhinosinusitis and the Impact on Quality of Life in Students of

the Medical Faculty Christian University of Indonesia in 2018. J. Drug Deliv. Ther. 2021, 11, 154–162. [CrossRef]
2. Mainz, J.G.; Koitschev, A. Management of chronic rhinosinusitis in CF. J. Cyst. Fibros. 2009, 8, S10–S14. [CrossRef]
3. Bunzen, D.L.; Campos, A.; Leão, F.S.; Morais, A.; Sperandio, F.; Neto, S.C. Efficacy of functional endoscopic sinus surgery for

symptoms in chronic rhinosinusitis with or without polyposis. Braz. J. Otorhinolaryngol. 2006, 72, 242–246. [CrossRef]
4. Pauwels, B.; Jonstam, K.; Bachert, C. Emerging biologics for the treatment of chronic rhinosinusitis. Expert Rev. Clin. Immunol.

2015, 11, 349–361. [CrossRef] [PubMed]
5. Howard, B.E.; Lal, D. Oral steroid therapy in chronic rhinosinusitis with and without nasal polyposis. Curr. Allergy Asthma Rep.

2013, 13, 236–243. [CrossRef]
6. Campbell, R.G. Risks and management of long-term corticosteroid use in chronic rhinosinusitis. Curr. Opin. Otolaryngol. Head

Neck Surg. 2018, 26, 1–7. [CrossRef]
7. Ghogomu, N.; Kern, R. Chronic rhinosinusitis: The rationale for current treatments. Expert Rev. Clin. Immunol. 2017, 13, 259–270.

[CrossRef]
8. Joe, S.A.; Thambi, R.; Huang, J. A systematic review of the use of intranasal steroids in the treatment of chronic rhinosinusitis.

Otolaryngol.–Head Neck Surg. 2008, 139, 340–347. [CrossRef]
9. Li, N.; Peters, A.T. Chronic rhinosinusitis management beyond intranasal steroids and saline solution irrigations. Allergy Asthma

Proc. 2015, 36, 339–343. [CrossRef]
10. Parikh, A.; Scadding, G.K.; Darby, Y.; Baker, R.C. Topical corticosteroids in chronic rhinosinusitis: A randomized, double-blind,

placebo-controlled trial using fluticasone propionate aqueous nasal spray. Rhinology 2001, 39, 75–79.
11. Adriaensen, G.F.J.P.M.; Lim, K.-H.; Fokkens, W.J. Safety and efficacy of a bioabsorbable fluticasone propionate-eluting sinus

dressing in postoperative management of endoscopic sinus surgery: A randomized clinical trial. Int. Forum Allergy Rhinol. 2017,
7, 813–820. [CrossRef] [PubMed]

12. Umerska, A.; Mouzouvi, C.R.; Bigot, A.; Saulnier, P. Formulation and nebulization of fluticasone propionate-loaded lipid
nanocarriers. Int. J. Pharm. 2015, 493, 224–232. [CrossRef] [PubMed]

13. Savjani, K.T.; Gajjar, A.K.; Savjani, J.K. Drug solubility: Importance and enhancement techniques. Int. Sch. Res. Not. 2012, 2012,
195727. [CrossRef] [PubMed]

14. Vemula, V.R.; Lagishetty, V.; Lingala, S. Solubility enhancement techniques. Int. J. Pharm. Sci. Rev. Res. 2010, 5, 41–51.
15. Zhong, D.; Zhang, D.; Chen, W.; He, J.; Ren, C.; Zhang, X.; Kong, N.; Tao, W.; Zhou, M. Orally deliverable strategy based on

microalgal biomass for intestinal disease treatment. Sci. Adv. 2021, 7, eabi9265. [CrossRef]
16. Chaudhary, A.; Nagaich, U.; Gulati, N.; Sharma, V.K.; Khosaet, R.L. Enhancement of solubilization and bioavailability of poorly

soluble drugs by physical and chemical modifications: A recent review. J. Adv. Pharm. Educ. Res. 2012, 2, 32–67.
17. Chen, W.; Lu, F.; Chen, C.-C.V.; Mo, K.-C.; Hung, Y.; Guo, Z.-X.; Lin, C.-H.; Lin, M.-H.; Lin, Y.-H.; Chang, C.; et al. Manganese-

enhanced MRI of rat brain based on slow cerebral delivery of manganese (II) with silica-encapsulated MnxFe1−xO nanoparticles.
NMR Biomed. 2013, 26, 1176–1185. [CrossRef]

18. Cooper, E.R. Nanoparticles: A personal experience for formulating poorly water soluble drugs. J. Control. Release 2010, 141,
300–302. [CrossRef]

19. Jia, L. Nanoparticle formulation increases oral bioavailability of poorly soluble drugs: Approaches, experimental evidences and
theory. Curr. Nanosci. 2005, 1, 237–243. [CrossRef]

20. Ruan, L.; Chen, W.; Wang, R.; Lu, J.; Zink, J.I. Magnetically stimulated drug release using nanoparticles capped by self-assembling
peptides. ACS Appl. Mater. Interfaces 2019, 11, 43835–43842. [CrossRef]

21. Chatterjee, K.; Sarkar, S.; Rao, K.J.; Paria, S. Core/shell nanoparticles in biomedical applications. Adv. Colloid Interface Sci. 2014,
209, 8–39. [CrossRef] [PubMed]

22. Tan, W.; Wang, K.; He, X.; Zhao, X.J.; Drake, T.; Wang, L.; Bagwe, R.P. Bionanotechnology based on silica nanoparticles. Med. Res.
Rev. 2004, 24, 621–638. [CrossRef] [PubMed]

23. Li, Z.; Barnes, J.C.; Bosoy, A.; Stoddart, J.F.; Zink, J.I. Mesoporous silica nanoparticles in biomedical applications. Chem. Soc. Rev.
2012, 41, 2590–2605. [CrossRef] [PubMed]

24. Lungare, S.; Hallam, K.; Badhan, R.K. Phytochemical-loaded mesoporous silica nanoparticles for nose-to-brain olfactory drug
delivery. Int. J. Pharm. 2016, 513, 280–293. [CrossRef]

25. García-Fernández, A.; Sancenón, F.; Martínez-Máñez, R. Mesoporous silica nanoparticles for pulmonary drug delivery. Adv. Drug
Deliv. Rev. 2021, 177, 113953. [CrossRef] [PubMed]

26. England, R.; Homer, J.J.; Knight, L.C.; Ell, S.R. Nasal pH measurement: A reliable and repeatable parameter. Clin. Otolaryngol.
Allied Sci. 1999, 24, 67–68. [CrossRef]

http://doi.org/10.22270/jddt.v11i3-S.4846
http://doi.org/10.1016/S1569-1993(09)60005-9
http://doi.org/10.1016/S1808-8694(15)30062-8
http://doi.org/10.1586/1744666X.2015.1010517
http://www.ncbi.nlm.nih.gov/pubmed/25651905
http://doi.org/10.1007/s11882-012-0329-5
http://doi.org/10.1097/MOO.0000000000000421
http://doi.org/10.1080/1744666X.2016.1220833
http://doi.org/10.1016/j.otohns.2008.05.628
http://doi.org/10.2500/aap.2015.36.3866
http://doi.org/10.1002/alr.21963
http://www.ncbi.nlm.nih.gov/pubmed/28558147
http://doi.org/10.1016/j.ijpharm.2015.07.008
http://www.ncbi.nlm.nih.gov/pubmed/26183331
http://doi.org/10.5402/2012/195727
http://www.ncbi.nlm.nih.gov/pubmed/22830056
http://doi.org/10.1126/sciadv.abi9265
http://doi.org/10.1002/nbm.2932
http://doi.org/10.1016/j.jconrel.2009.10.006
http://doi.org/10.2174/157341305774642939
http://doi.org/10.1021/acsami.9b13614
http://doi.org/10.1016/j.cis.2013.12.008
http://www.ncbi.nlm.nih.gov/pubmed/24491963
http://doi.org/10.1002/med.20003
http://www.ncbi.nlm.nih.gov/pubmed/15224383
http://doi.org/10.1039/c1cs15246g
http://www.ncbi.nlm.nih.gov/pubmed/22216418
http://doi.org/10.1016/j.ijpharm.2016.09.042
http://doi.org/10.1016/j.addr.2021.113953
http://www.ncbi.nlm.nih.gov/pubmed/34474094
http://doi.org/10.1046/j.1365-2273.1999.00223.x


J. Funct. Biomater. 2022, 13, 229 19 of 19

27. Manzano, M.; Vallet-Regí, M. Mesoporous silica nanoparticles for drug delivery. Adv. Funct. Mater. 2020, 30, 1902634. [CrossRef]
28. Wang, Y.; Zhao, Q.; Han, N.; Bai, L.; Li, J.; Liu, J.; Che, E.; Hu, L.; Zhang, Q.; Jiang, T.; et al. Mesoporous silica nanoparticles in

drug delivery and biomedical applications. Nanomed. Nanotechnol. Biol. Med. 2015, 11, 313–327. [CrossRef]
29. Mehmood, Y.; Khan, I.U.; Shahzad, Y.; Khalid, S.H.; Asghar, S.; Irfan, M.; Asif, M.; Khalid, I.; Yousaf, A.M.; Hussain, T. Facile

Synthesis of Mesoporous Silica Nanoparticles Using Modified Sol-Gel Method: Optimization and In Vitro Cytotoxicity Studies.
Pak. J. Pharm. Sci. 2019, 32, 1805–1812.

30. Brunella, V.; Jadhav, S.A.; Miletto, I.; Berlier, G.; Ugazio, E.; Sapino, S.; Scalarone, D. Hybrid drug carriers with temperature-
controlled on–off release: A simple and reliable synthesis of PNIPAM-functionalized mesoporous silica nanoparticles. React.
Funct. Polym. 2016, 98, 31–37. [CrossRef]

31. Zhang, Y.; Huo, M.; Zhou, J.; Zou, A.; Li, W.; Yao, C.; Xie, S. DDSolver: An add-in program for modeling and comparison of drug
dissolution profiles. AAPS J. 2010, 12, 263–271. [CrossRef] [PubMed]

32. Barkat, K.; Ahmad, M.; Minhas, M.U.; Khalid, I.; Nasir, B. Development and characterization of pH-responsive polyethylene
glycol-co-poly(methacrylic acid) polymeric network system for colon target delivery of oxaliplatin: Its acute oral toxicity study.
Adv. Polym. Technol. 2017, 37, 1806–1822. [CrossRef]

33. Khalid, I.; Ahmad, M.; Minhas, M.U.; Barkatet, K. Preparation and characterization of alginate-PVA-based semi-IPN: Controlled
release pH-responsive composites. Polym. Bull. 2018, 75, 1075–1099. [CrossRef]

34. Thakur, S.; Singh, H.; Singh, A.; Kaur, S.; Sharma, A.; Singh, S.K.; Kaur, S.; Kaur, G.; Jain, S.K. Thermosensitive injectable hydrogel
containing carboplatin loaded nanoparticles: A dual approach for sustained and localized delivery with improved safety and
therapeutic efficacy. J. Drug Deliv. Sci. Technol. 2020, 58, 101817. [CrossRef]

35. Abdul, A.H.; Bala, A.G.; Chintaginjala, H.; Manchikanti, S.P.; Kamsali, A.; Dasari, R.R. Equator Assessment of Nanoparticles
Using the Design-Expert Software. Int. J. Pharm. Sci. Nanotechnol. 2020, 13, 4766–4772.

36. Mosmann, T. Rapid colorimetric assay for cellular growth and survival: Application to proliferation and cytotoxicity assays. J.
Immunol. Methods 1983, 65, 55–63. [CrossRef]

37. Patel, S.; Gheewala, N.; Suthar, A.; Shah, A. In-vitro cytotoxicity activity of Solanum nigrum extract against Hela cell line and
Vero cell line. Int. J. Pharm. Pharm. Sci. 2009, 1, 38–46.

38. Yang, S.; Wu, J.; Zhang, Q.; Li, X.; Liu, D.; Zeng, B.; Liu, Z.; Kang, H.; Zhong, Z. Allergic Rhinitis in Rats Is Associated with an
Inflammatory Response of the Hippocampus. Behav. Neurol. 2018, 2018, 8750464. [CrossRef]

39. Erum, A.; Bashir, S.; Saghir, S.; Tulain, U.R.; Saleem, U.; Nasir, M.; Kanwal, F.; Malik, M.N.H. Acute toxicity studies of a novel
excipient arabinoxylan isolated from Ispaghula (Plantago ovata) husk. Drug Chem. Toxicol. 2015, 38, 300–305. [CrossRef]

40. Wardhani, G.A.P.K.; Nurlela, N.; Azizah, M. Silica Content and Structure from Corncob Ash with Various Acid Treatment (HCl,
HBr, and Citric Acid). Molekul 2017, 12, 174–181. [CrossRef]

41. Sevimli, F.; Yılmaz, A. Surface functionalization of SBA-15 particles for amoxicillin delivery. Microporous Mesoporous Mater. 2012,
158, 281–291. [CrossRef]

42. Liu, F.; Wang, J.; Huang, P.; Zhang, Q.; Deng, J.; Cao, Q.; Jia, J.; Cheng, J.; Fang, Y.; Deng, D.Y.B.; et al. Outside-in stepwise
functionalization of mesoporous silica nanocarriers for matrix type sustained release of fluoroquinolone drugs. J. Mater. Chem. B
2015, 3, 2206–2214. [CrossRef] [PubMed]

43. Chen, X.S.; Carillo, M.; Haltiwanger, R.; Bradley, P. Solid state characterization of mometasone furoate anhydrous and monohy-
drate forms. J. Pharm. Sci. 2005, 94, 2496–2509. [CrossRef]

44. Kailasanathan, C.; Selvakumar, N.; Naidu, V. Structure and properties of titania reinforced nano-hydroxyapatite/gelatin bio-
composites for bone graft materials. Ceram. Int. 2012, 38, 571–579. [CrossRef]

45. Radev, L.; Hristov, V.; Fernandes, M.H.V.; Salvado, I.M.M. Organic/inorganic bioactive materials part IV: In vitro assessment of
bioactivity of gelatin-calcium phosphate silicate/wollastonite hybrids. Open Chem. 2010, 8, 278–284. [CrossRef]

46. Smitha, S.; Mukundan, P.; Krishna Pillai, P.; Warrier, K.G.K. Silica–gelatin bio-hybrid and transparent nano-coatings through
sol–gel technique. Mater. Chem. Phys. 2007, 103, 318–322. [CrossRef]

47. Maleki, A.; Hamidi, M. Dissolution enhancement of a model poorly water-soluble drug, atorvastatin, with ordered mesoporous
silica: Comparison of MSF with SBA-15 as drug carriers. Expert Opin. Drug Deliv. 2016, 13, 171–181. [CrossRef]

48. Tiwari, A.; Mishra, M.K.; Shukla, A.; Yadav, S.K. Microsponge: An augmented drug delivery system. Am. J. PharmTech Res. 2016,
6, 79–95.

49. Biswas, N. Modified mesoporous silica nanoparticles for enhancing oral bioavailability and antihypertensive activity of poorly
water soluble valsartan. Eur. J. Pharm. Sci. 2017, 99, 152–160. [CrossRef]

50. Li, Y.; Liu, Y.; Ma, R.; Xu, Y.; Zhang, Y.; Li, B.; An, Y.; Shi, L. A G-quadruplex hydrogel via multicomponent self-assembly:
Formation and zero-order controlled release. ACS Appl. Mater. Interfaces 2017, 2017. 9, 13056–13067. [CrossRef]

51. Dash, S.; Murthy, P.N.; Nath, L.; Chowdhury, P. Kinetic modeling on drug release from controlled drug delivery systems. Acta Pol.
Pharm. 2010, 67, 217–223. [PubMed]

52. Treenate, P.; Monvisade, P. In vitro drug release profiles of pH-sensitive hydroxyethylacryl chitosan/sodium alginate hydrogels
using paracetamol as a soluble model drug. Int. J. Biol. Macromol. 2017, 99, 71–78. [CrossRef] [PubMed]

http://doi.org/10.1002/adfm.201902634
http://doi.org/10.1016/j.nano.2014.09.014
http://doi.org/10.1016/j.reactfunctpolym.2015.11.006
http://doi.org/10.1208/s12248-010-9185-1
http://www.ncbi.nlm.nih.gov/pubmed/20373062
http://doi.org/10.1002/adv.21840
http://doi.org/10.1007/s00289-017-2079-y
http://doi.org/10.1016/j.jddst.2020.101817
http://doi.org/10.1016/0022-1759(83)90303-4
http://doi.org/10.1155/2018/8750464
http://doi.org/10.3109/01480545.2014.956219
http://doi.org/10.20884/1.jm.2017.12.2.382
http://doi.org/10.1016/j.micromeso.2012.02.037
http://doi.org/10.1039/C4TB02073A
http://www.ncbi.nlm.nih.gov/pubmed/32262388
http://doi.org/10.1002/jps.20470
http://doi.org/10.1016/j.ceramint.2011.07.045
http://doi.org/10.2478/s11532-009-0142-8
http://doi.org/10.1016/j.matchemphys.2007.02.068
http://doi.org/10.1517/17425247.2015.1111335
http://doi.org/10.1016/j.ejps.2016.12.015
http://doi.org/10.1021/acsami.7b00957
http://www.ncbi.nlm.nih.gov/pubmed/20524422
http://doi.org/10.1016/j.ijbiomac.2017.02.061
http://www.ncbi.nlm.nih.gov/pubmed/28219689

	Introduction 
	Materials and Methods 
	Chemicals 
	Preparation of Mesoporous Silica Nanoparticles 
	Drug Loading in MSN 
	Preparation of Nasal Spray Nano Formulation by Using Fluticasone Propionate Loaded MSN 
	Determination of Entrapment Efficiency 
	Particle Size, Polydispersity Index (PDI) and Zeta Potentials 
	FTIR Spectroscopy 
	DSC and TGA Study 
	XRPD Study 
	Morphology STUDY 
	Nitrogen Adsorption–Desorption Analysis 
	In-Vitro Release Study 
	In-Vitro Diffusion Studies 
	In Vitro Cell Viability Studies 
	Hemolytic Investigations 
	Acute Toxicity Studies 
	Determination of Pro-Inflammatory Cytokines IL-4, IL-5 mRNA Expression 
	Physical Appearance, Viscosity and pH Determination 

	Results 
	Particle Size, Polydispersity Index (PDI) and Zeta Potentials 
	FT-IR Analysis 
	Thermal Analysis 
	Morphological Analysis 
	X-ray Diffraction (XRD) 
	Nitrogen Adsorption-Desorption Analysis 
	In Vitro Transcellular Permeability 
	In-Vitro Release Study 
	Kinetic Modeling 
	Haemolysis Investigations 
	In Vitro Cell Viability Testing 
	Acute Toxicity Studies 
	Effect of FP-MG on IL-4, IL-5 mRNA Expression Level 
	Physical Characterization 

	Conclusions 
	References

