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Ameliorating the Poor Dissolution Rate of Selexipag in
Aqueous Acidic Conditions Following Confinement into

Mesoporous Silica
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ABSTRACT

Background: Pulmonary Arterial Hypertension (PAH) is a serious condition with available
treatment options, including Selexipag (SXP), a selective prostacyclin receptor agonist that
has effectively reduced patient morbidity and mortality. SXP is limited by poor water solubility,
especially in acidic solutions, which can affect its bioavailability and therapeutic efficacy.
Therefore, strategies to tackle the solubility of SXP, such as nano-based Drug Delivery Systems
(DDSs), should be explored. Objectives: The study aimed to tackle the poor dissolution rate
of SXP and, consequently, improving the clinical efficacy and treatment outcomes of PAH
patients. Materials and Methods: Three forms of Mesoporous Silica Nanoparticles (MSNs)
were investigated as a DDS. SXP was loaded to MSNs (SBA-15, MCM-41, and KIT-6) via rotary
evaporation technique and characterized for in vitro dissolution rates, drug release kinetics,
morphology, crystallinity, interaction and surface properties. Results and Conclusion:
Incorporating SXP as a monolayer to SBA-15 formulations significantly improved its dissolution
rate, achieving an enhancement ratio of 9.48 at pH 1.2 compared to the pure drug. Notably,
the monolayer and double-layer-loaded SBA-15 formulations exhibited the highest dissolution
efficiency percentages, with values of 72.85% and 69.01%, respectively, surpassing that of raw
SXP. The entrapment of SXP within SBA-15 mesopores was evident from pore volume reduction.
The enhancement in dissolution rates was ascribed to the conversion of SXP into an amorphous
state upon confinement within the nanostructure, which was indicated through X-ray diffraction
and scanning electron microscopy analyses.
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INTRODUCTION

The medical condition of Pulmonary Arterial Hypertension
(PAH) is described as the presence of abnormally increased
blood pressure in the pulmonary arteries.! A variety of
FDA-approved treatment options are available for patients
diagnosed with PAH. These agents include endothelin receptor
antagonists, Phosphodiesterase-5 (PDE-5) inhibitors, and
prostacyclins.? Selexipag (SXP) is a potent remedy for lessening
morbidity and mortality in PAH patients. This drug is a selective
prostacyclin receptor agonist with distinctive pharmacokinetic/
pharmacodynamic properties from synthetic prostacyclins and
their analogues, such as Iloprost and Beraprost.” Furthermore,
SXP has an adequate safety profile and has the potential to be
an appropriate treatment option for patients who have not
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responded to oral combination therapy with endothelin receptor
antagonists and PDE-5 inhibitors.**

On the other hand, the delivery of this agent may be limited
by the need for frequent inhalations or continuous intravenous
or subcutaneous administrations. Additionally, SXP possesses
low oral bioavailability of about 50% and a poor dissolution
profile, posing clear constraints to both in vitro and in vivo
performance. This is explained by the physicochemical nature of
SXP, which is a highly permeable drug with low water solubility
that is categorized as a class II drug by the Biopharmaceutics
Classification System.® The solubility profile of SXP was reported
to be pH dependent, exhibiting a high solubility in alkaline media
while being insoluble in acidic conditions.

In terms of patient convenience, effectiveness, patient-
friendliness, and least invasiveness, the oral route is considered
the most satisfactory, eflicient, tolerant, and least invasive
compared to other methods of drug administration.” In spite of
these positive aspects, oral administration has several limitations,
including the drug susceptibility to enzymes under different
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enzymatic and pH conditions of the Gastrointestinal Tract (GIT),
the challenges encountered in controlling drug release, and the
low dissolution, absorption, and bioavailability of several drugs
from the GIT.?

Nanoparticle systems have gained significant interest as drug
carriers because of their ability to overcome the barriers of the
GIT more effectively than other formulation strategies such as
nanosized solid dispersion,”'® nanosuspension,® nanoliposomes,'!
nanoemulsion,'? and nanomicelles.”* Nanoparticles offer several
advantages, including increased drug solubility, improved
bioavailability, sustained drug release, and targeted drug delivery,
making them an attractive option for drug development.'*
Furthermore, nanoparticle-based DDSs can be tailored to specific
drug properties and patient needs, thereby improving treatment
outcomes and patient compliance.

Recent reports have highlighted the efficacy of Mesoporous
Silica Nanoparticles (MSNs) in overcoming the challenge
of low bioavailability associated with poorly water-soluble
pharmaceuticals when administered Orally.”® As a drug delivery
carrier, MSNs are chemically inert, and silica was deemed
generally recognized as safe by the FDA.'S Additionally, MSNs are
recommended over the typical drug carriers in controlling the
drug release,'” owing to tremendous porosity and surface area,
which permit them to confine higher drug amounts."® Florek et
al., 2017 and Musallam et al., 2022 stated that drug confinement
into MSNs nanopores changes the crystal habit to the amorphous
states and consequently augments the drug solubility.®" As well,
the presence of the entrapped drug inside the MSN pores may
deter its recrystallization process upon storage.”” Herein, we
aimed to investigate the effectiveness of three forms of MSNs as
nanocarriers for SXP to increase its dissolution rate. The SXP was
loaded onto MSNs using rotary evaporation and characterized
for in vitro drug dissolution, dissolution kinetics, morphology,
crystallinity, and interaction.

MATERIALS AND METHODS

SXP was supplied by Megafine Pharma Ltd., The mesoporous
silica types MCM-41 (SA > 800 m?/g), SBA-15 (SA= 550-600
m?/g), and KIT-6 (SA = 600 m?/g) were obtained from XFNANO
Co., Ltd., China. Buffer components (Potassium Dihydrogen
Orthophosphate and Disodium Hydrogen Orthophosphate) were
purchased from El Nasr Pharmaceutical Chemicals Company,
Egypt. Acetone was obtained from Thermo Fisher Scientific. All
other chemicals used in this study were of analytical grade.

Drug loading calculations

To maximize drug loading, it is essential to efficiently utilize the
MOSNE’ entire surface area. The maximum amount of SXP that can
be loaded onto the carrier can be determined using the theoretical
calculations of Dening and Taylor (2018) and Le et al. (2019).2%*
The theoretical monolayer can be calculated by utilizing the
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specific surface area of the adsorbent (MSNs), the molecular
weight of the adsorbate (SXP), the maximum exposed contact
surface area of a single molecule of the drug, and Avogadro's
number. The Cambridge Crystallographic Data Centre (CCDC)
provides the data necessary to calculate the maximum exposed
contact surface area of a single molecule, while the specific surface
area of the MSNs is determined using the multipoint BET method.
This calculation enables us to identify the optimal conditions for
loading SXP onto MSNs and improve its dissolution rate.

SSA x M,, x 102°
SAM XNA

TSCL = (% Wsxp / Wusn) =

Where, SSA represents the specific surface area of the adsorbent
(mesoporous silica) in square meters per gram. Mw refers to the
molecular weight of SXP in grams per mole. SA , stands for the
maximum exposed contact surface area of a single molecule in
square angstroms, which is calculated based on the two largest
molecular dimensions of the molecule (37.96 and 22.47 A). N,
represents Avogadro's number, which is 6.022 x 10.2 The data
required for the calculation of SA, were obtained from CCDC
under deposition number 1892239.

Loading MSNs with SXP

A rotary evaporation technique was utilized for loading MSN
formulations, which has been reported by Budiman and Aulifa
(2021) as an effective method for incorporating different drugs
into mesoporous silica.”® A concentrated solution of SXP (10
mg/mL) in acetone was prepared. Aliquots of this solution were
then mixed with a specific quantity of porous silica, resulting in
various drug saturation levels through the formation of mono-and
double-layered MSNs. The resulting mixture was transferred to
a rotary evaporator flask and subjected to ultrasonication for 5
min and vortexed for 10 min to disperse any silica aggregates. The
SXP-MSNs dispersion in acetone was then left to evaporate under
vacuum via Heidolph rotary evaporator (40°C, 100 rpm).

Characterization of SXP-loaded MSNs

In vitro dissolution studies

The dissolution characteristics of SXP from MSN formulations
were evaluated using a USP dissolution apparatus I1.>* Pure SXP
(5 mg) and equivalent amounts of MSNs formulations were
added to 500 mL of aqueous media containing 0.5 M phosphate
buffer (pH = 5.8) and 0.IN HCI (pH = 1.2) in the dissolution
vessel, and the paddle speed was set at 100 rpm while maintaining
a temperature of 37 + 0.5°C to simulate physiological conditions.
Samples were collected at predetermined intervals (5, 10, 20, 30,
40, 50, and 60 min) and centrifuged at 7000 rpm for 5 min to
remove any suspended particles. The same withdrawn volume of
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fresh dissolution medium was added to retain sink conditions.”
The samples were then analyzed at A of 299 nm using
spectrophotometry to quantitatively determine the drug content.
The measurements were performed in triplicate, and the results
were reported as mean * standard deviation.

Drug dissolution comparisons and kinetics analysis

Drug dissolution kinetics and dissolution parameters such
as Mean Dissolution Time (MDT), Dissolution Efficiency
percentage (DE%), Enhancement Ratio (ER), f (Difference
Factor), and f, (Similarity Factor) were evaluated using DDSolver.
xla software following the methodology outlined in previously
published articles.”®*

Scanning Electron Microscope (SEM)

SEM was employed to investigate the external morphology of both
raw SXP and SXP-loaded SBA-15. The samples were prepared by
spreading a thin layer of the materials on double-sided carbon
adhesive tape and treated under a high vacuum to prevent electron
charging during imaging.?® Detailed images were captured using
a scanning electron microscope (JEOL-JSM-6510LV, Tokyo,
Japan) to provide a comprehensive understanding of the external
morphology of the samples.

Fourier Transform Infrared (FTIR) Spectroscopy

To explore the potential bonding between SXP and the excipients,
a comparison was carried out between the FTIR spectra of the
pure SXP powder, untreated silica, and the chosen PMs and MSNs
formulations. The FTIR spectra were acquired using Nicolet iS10
FTIR spectrometer (Thermo Fisher Scientific, Massachusetts,
USA). The potassium bromide disc method was used with a
scanning range of 400-4000 cm™.%

Powder X-ray Diffraction (PXRD)

A thorough PXRD analysis was conducted to examine the solid
state of SXP in the selected SXP-loaded silica formulation. The
analysis was carried out using an X-ray diffractometer (D2 Phaser,
Bruker, Massachusetts, USA) at room temperature, utilizing
monochromatic Cu Ko radiation (I = 1.5406 A) at 30 mA and
40 kV. The X-ray diffraction pattern was recorded in the 26
range of 5° to 50° with an angular increment of 0.02° per second.
This technique facilitated the detection of any alterations in the
crystal structure of SXP and the identification of any potential
amorphous regions present in the formulation, providing an
extensive understanding of the solid-state properties of the
entrapped drug.*®

Surface analysis

Nitrogen adsorption-desorption isotherms analysis
conducted to determine the surface properties of untreated
SBA-15 and SXP-loaded SBA-15. The samples were degassed

overnight at 60°C to remove adsorbed gases before measurements.

was
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The BELSORP-miniX gas sorption analyzer (S/N: 10039, Version
1.1.3.1) was used at 77.35 K to precisely determine the surface
area, pore volume, and pore size distribution of the samples.
This method offers a detailed understanding of the textural
characteristics of the materials and their potential impact on drug
loading and release properties. Data were analyzed via BELMaster
software (Version 7.3.2.0).

The pore volume and diameter distribution were determined
using Non-Local Density Functional Theory (NLDFT/GCMC)
and Barret-Joyner-Halenda (BJH) adsorption models, and the
results were compared.’’ Meanwhile, the specific surface area of
the mesoporous silica was determined using the multipoint BET
method, based on isotherm adsorption data at P/P0 from 0.05 to
0.30, following the method described by Huang et al. (2014).*

RESULTS AND DISCUSSION
Drug loading optimization

To achieve the optimal loading SXP to the nanopores of MSNs,
the TSCL was calculated using the molecular weight of SXP and
molecular dimensions obtained from the CCDC database, along
with the surface area for each type of MSN. Since the surface
area for MCM-41 was approximately double that of SBA-15 and
KIT-6, the SXP monolayer loading percentage was 10.5, 5.7, and
5.5 % (w/w) for MCM-4, SBA-15, and KIT-6, respectively (Table
1).

In vitro drug release

The observed in vitro drug dissolution rates were presented
in Figure 1, where all SXP-loaded MSN formulations have
significantly improved the dissolution rate compared to naive
SXP. The dissolution patterns of SXP from KIT-6, SBA-15 and
MCM-41 were compared to the pure crystalline SXP in two
dissolution media: 0.1N HCI (pH 1.2) and phosphate buffer
(0.05M, pH 5.5). It was evident that about 25 and 15% of raw
SXP were dissolved after passing 1 hr in phosphate buffer and
HCI, respectively, which implied the limited solubility of SXP.
The loaded monolayer of SXP to MSNs surface was found to have
the fastest dissolution at 5 min compared to the higher saturation
level with a short MDT at pH 5.8 and 1.2 (MDT = 7.82 and 4.89
min, respectively) (Table 2). This was attributed to the change in
SXP crystallinity when confined in the nanosized pores of the
mesoporous structure, resulting in a more soluble amorphous
state of SXP*>**** At pH 5.8, the monolayer and double layer of
SXP-loaded SBA-15 exhibited the highest dissolution efficiency
percentage (72.85 and 69.01, respectively) compared to raw SXP
(15%). Meanwhile, at pH 1.2, the monolayer of SXP-loaded-
loaded SBA-15 formulation exhibited an improved dissolution
rate of SXP, with an enhancement ratio of 9.48 compared to the
pure drug. Subsequently, the release of SXP from double-layer
loaded SBA-15 and MCM-41 was enhanced at 45 min, which
could be ascribed to the reversible adsorption phenomenon. This
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phenomenon involves silica adsorption to the drug, hindering
the release of the unreleased SXP owing to silica content in
the formulation.” The silica content in the mono-layer SBA-15
formulation, which was about 94%, can account for the perceived
decrease in the release rates at these time points. However, KIT-16
showed a lower dissolution rate than the abovementioned MSNs
at both saturation levels with relatively low f, values (152.9 and
144.9), respectively.

Drug dissolution kinetics

The dissolution profiles were tested for fitting to the
mathematical models, including zero-order, first-order, Higuchi,
Korsmeyer-Peppas, and rate constants (k) for pure SXP, and the
MSNs formulations were determined and reported in Tables
3 and 4. The decision on the release model was based on the
regression parameters (R2 and AIC); therefore, the criteria for
model selection is based on the lowest AIC and highest coefficient
of determination values to confirm the goodness of fit.

The dissolution profile of pure SXP showed fitting to the linear
first-order kinetic models in both dissolution media, with R?
reaching up to 0.99 with increasing acidity of the media. This
was confirmed by the Korsmeyer-Peppas result with a diffusion
coeflicient (1) = 0.66, which implies that SXP followed a first-order

or pseudo-first-order kinetic and indicates the presence of
boundaries affecting passive drug diffusion.

In contrast, the dissolution pattern of loaded silica formulations
depended on the MSNs type, which might be affected by the
mesoporous structure. SBA-15 and MCM-41 have similar
hexagonal symmetry, whereas KIT-6 has bicontinuous cubic
mesostructured with Ia3d symmetry. The change in MSNs
symmetry might explain the variation SXP release pattern,
thereby affecting the kinetics of drug dissolution. At pH 5.8,
KIT-6 showed a closely fitted release profile to the Higuchi model
with a coefficient of determination = 0.96, 0.98 for monolayer and
double-layer loaded KIT-6, respectively.

Furthermore, typical drug release models such as zero-,
first-order, and Higuchi have failed to describe the dissolution
profiles of SXP-loaded SBA-15 and MCM-41 at both drugloading
levels. On the contrary, the model of Korsmeyer-Peppas showed
high goodness of fit since it showed a high correlation (>0.99),
and AIC favoured Korsmeyer-Peppas. The n values retrieved
from Korsmeyer’s model for all SXP-loaded MSNs were below
0.5, which is a typical Fickian diffusion, implying the absence of
boundaries that shape the passive diffusion process. According
to the Korsmeyer-Peppas model, it was anticipated that the time
required to release 90% of the drug (T, ) from raw SXP would be

Table 1: The loading of SXP in MSNs expressed as a weight-to-weight percentage.

Saturation level Silica type

MCM-41 SBA-15 KIT-6
Monolayer loading 10.5% 5.7% 5.5%
(100% Saturation)
Double layer loading 21.1% 11.4% 11.1%
(200% Saturation)

Table 2: Dissolution parameters of SXP and SXP-Loaded MSNs formulations in phosphate buffer (pH 5.8, 0.05M) and HCI (pH 1.2, 0.1N).

Dissolution SXP KIT-6
model
AtpH 5.8

100% 200%
MDT (min) 24.36 18.58 19.30
ER -- 2.547 2.47
DE (%) 15.01 38.24 37.11
f1 -- 152.95 144.94
f2 -- 31.83 3291
AtpH 1.2
MDT (min) 26.94 10.45 13.12
ER -- 3.96 3.78
DE (%) 8.67 34.36 32.85
f1 -- 248.06 238.74
2 -- 30.50 31.35
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SBA-15 MCM-41
Saturation level

100% 200% 100% 200%

7.82 24.36 11.45 10.14

4.85 4.59 4.215 4.03

72.85 69.01 63.28 60.58

371.77 348.38 308.38 292.82

12.69 14.10 16.75 17.79
4.89 6.65 8.89 12.47
9.48 9.35 6.03 5.74
82.28 81.14 52.30 49.86
692.70 691.07 421.45 405.24
8.23 8.29 19.02 19.84
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Figure 1: In vitro drug release from raw SXP and SXP-loaded MSNs in dissolution media of (a) 0.05M phosphate buffer (pH 5.8) and (b) 0.1N HCI (pH
1.2). Asterisk (¥) indicates that SXP concentration was not measurable.(*) indicates that SXP concentration was not measurable.

a b

Figure 2: SEM images of raw SXP (a, c) and SXP-loaded SBA-15 (b, d) at magnifications of 1000x (a, c) and 8000x (b, d), respectively.
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approximately 405 and 554 min at pH 5.8 and 1.2, respectively.
However, loading SXP as a double-layer onto SBA-15 reduced the
T,, values (81 and 45 min at the same pH values, respectively).

Morphology analysis (SEM)

Microscopical analysis revealed that the SXP crystals were mostly
in the micrometre range and possessed fibers embedded into SXP
particles, as depicted in (Figure 2 a,b). This fibrous structure is
likely a result of the parallel alignment of the crystal molecules
during growth. It is worth noting that this fibrous structure may
impact the physical properties and biological behavior of SXP,
such as affecting its dissolution rate and bioavailability.

In contrast, the loaded MSNs did not exhibit any fibrous
structure, as seen in the overview of the samples (Figure 2 ¢,d).
This suggests that the SXP molecules could not form the same
crystal structure when entrapped within the silica nanoparticles.
It is possible that the smaller size and varying surface properties
of the MSNs hindered the formation of the fibrous crystal
structure observed in the micrometre-sized crystals. This could
be explained by the entrapment of SXP within the mesoporous
structure of the nanoparticles.

X-ray Powder Diffraction (XRPD)

The XRD study was conducted to ensure the complete
confinement of the crystalline SXP in MSN-loaded formulations.
Monolayer-loaded formulations were anticipated to present no
change in the amorphous halopattern of blank MSNs. Figure
3 displays the XRD pattern of raw SXP and the untreated and
treated MSN, respectively. The XRD pattern of untreated SXP
exhibited sharp and intense peaks at 20 of 9.88, 15.69, 17.39,
19.72, 21.67, and 23.19, implying its crystallinity. These results
align with Alwan et al's study, which demonstrated a similar
XRD pattern of SXP** As can be seen in Figure 1, the materials
SBA-15, MCM-41, and KIT-6 did not exhibit any distinct
diffraction peaks associated with crystallinity, rather exhibiting
a halopattern. These findings imply that these materials may
possess an amorphous or disordered structure. Similar patterns
were observed when these materials were loaded with SXP at
100% saturation, suggesting that crystalline forms of the drug
are not present on the surface of the MSNs. Accordingly, the
calculations for loading drugs onto the MSNs provided sound
predictions of the SXP amount required to saturate the MSNs'
surface with no further precipitation.

FTIR

Absorbance spectra of pure SXP powder, SBA-15, their physical
mixture, and SXP-loaded SBA-15 are shown in Figure 4. In
addition, reduced intensity, disappearance, or shifting peaks in
any spectrum were studied to investigate the possible interaction
of the physically mixed additive and formulated MSNs. The
characteristic peak of SXP appeared as a weak absorption
peak corresponding to the secondary N-H group at 3025
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cm’'. Stretching vibrations at 1595 and 1481 have indicated
the aromatic C=C stretching. It can be seen in Figure 4a that a
strong peak at 1118 cm™ corresponds to C-N stretching, whereas
the peak at 1725 corresponds to C=0 of amide. Our reported
results align with Villalva et al** Nonetheless, SBA-15 showed
an asymmetric stretching vibration Si-O-Si band that previously
had been observed in the range of 1020-1080 cm', as reported by
Voycheva et al.¥” The peaks corresponding to Si-O-Si of SBA-15
were observed at 1073 (Figure 4b). A similar pattern was seen
in the physical mixture to the untreated SBA-15 since it was
present in a high concentration, approximately 95%. Figure 4c
shows that no meaningful interaction has been detected since
no characteristic peaks have disappeared or appeared. Only the
peak appearing at 1068 exhibited an increased intensity, possibly
due to the cumulative effect of C-N stretching of SXP and Si-O-Si
stretching. On the other hand, in the loaded SBA-15 preparation,
the Si-O-Si peak was shifted to 1062, and the intensity was
reduced, as shown in the stacked Figure 4. This suggests a
possible hydrogen bonding between the secondary amine of SXP
and silanol groups of SBA-15 (Figure 4d).

Surface analysis

The full isotherm of SBA-15 and SXP monolayer-loaded
SBA-15 was presented in (Figure 5a,b). According to the IUPAC
classification, the isotherms can be categorized as form IV
isotherms, which indicates the open mesopore of the investigated
silica (SBA-15).®* Moreover, the hysteresis loop (H1) appears
at relative pressure (P/P)) = 0.6 to 0.9, which is a characteristic
feature of SBA-15 (Figure a).*” The NLDFT/GCMC model was
used to emphasize the results of pore size and pore volume
since there were reports about the inaccuracy of the BJH model
for measuring pore volume when the diameter is less than 10
nm.* The calculated data of surface area, pore volume, and pore
diameter are presented in Table 5.

The pore volume of SXP-loaded SBA-15 was slightly reduced,
as reported by the two models compared to blank SBA-15,

2Theta (Coupled TwoTheta/Theta) Wi =1.54060

Figure 3: XRPD diffractograms of raw SXP (a), unloaded SBA-15 (b), MCM-41
(c), KIT-6 (d), and SXP-loaded SBA-15 (e), MCM-41 (f), KIT-6 (g).
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Transmittance %

Figure 4: (1) FTIR spectra of SXP (a), unloaded SBA-15 (b), physical mixture (c), SXP-loaded SBA-15 (d). (2) Stacked spectra of SXP (red), unloaded SBA-15 (violet),
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distribution analysis by (c) BJH adsorption model and (d) NLDFT/GCMC model.
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Table 3: Dissolution kinetic modelling for raw SXP and SXP-loaded MSN formulations in phosphate buffer (pH 5.8, 0.05M).

Dissolution model
Saturation level
1-Zero-order

I<O

RZ

AIC

2-First-order

Kl

RZ

AIC

3-Higuchi

KH

RZ

AIC
4-Korsmeyer-Peppas
KKP

n

RZ

AIC

T,, (min)

SXP

0.46
0.92
23.18

0.005
0.95
20.27

3.05
0.96
17.79

1.67
0.66
0.99
12.58
405.51

100%

1.09
0.55
49.59

0.017
0.76
45.30

7.40
0.96
31.31

11.25
0.38
0.99
22.63

228.62

KIT-6

200%

1.07
0.61
48.40

0.01
0.79
44.00

7.21
0.98
27.65

10.04
0.40
0.99
19.75
217.76

100%

1.91
-0.46
64.51

0.105
0.73
52.43

13.53
0.57
55.86

48.51
0.13
0.99
27.41
101.32

SBA-15

200%

1.86
-0.11
62.31

0.06
0.74
51.97

12.97
0.74
52.08

37.64
0.19
0.99
20.31
81.27

100%

1.69
-0.23
61.58

0.05
0.56
54.30

11.84
0.68
51.96

37.31
0.17
0.99
5.15
91.03

MCM-41

200%

1.67
0.19
58.80

0.04
0.74
50.79

11.49
0.86
46.19

26.25
0.26
0.99
13.73
155.91

Table 4: Dissolution kinetic modelling for raw SXP and SXP-loaded MSN formulations in dissolution media containing 0.1N HCI (pH 1.2)

Dissolution model
Saturation level
1-Zero-order

KO

RZ

AIC

2-First-order

K]

RZ

AIC

3-Higuchi

KH

RZ

AIC
4-Korsmeyer-Peppas
KKP

n

RZ

AIC

T,, (min)
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SXP

0.27
0.98
7.46

0.003
0.99
4.7

1.84
0.98
3.55

0.63
0.78
0.99
-3.57
554.13

100%

0.92
-0.075
52.44

0.013
0.232
50.084

6.44
0.760
41.94

17.77
0.21
0.99
21.39

2045.42

KIT-6
200%

0.90
0.28
49.74

0.01
0.52
46.93

6.21
0.90
36.01

12.71
0.29
0.99
18.51
702.11

100%

-0.88
67.67

0.23
0.88
47.95

15.15
0.32
60.45

70.28
0.06
0.99
18.57
56.24

SBA-15
200%

2.10
-0.68
66.77

0.19
0.87
48.33

15.01
0.44
58.94

62.15
0.09
0.99
9.16
49.55

100%

1.38
-0.38
59.61

0.02
0.23
55.40

9.75
0.61
50.68

33.39
0.15
0.99
23.65
734.96

MCM-41
200%

1.36
0.10
56.64

0.02
0.54
51.80

9.41
0.83
4491

23.2
0.24
0.99
14.23
254.01
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Table 5: BET surface area, pore volume, and diameter of the untreated SBA-15 and SXP-loaded SBA-15.

Sample name SABET (m2. g-1)

BJH Ads
Untreated SBA-15 589.55 1.19
SXP-loaded SBA-15  536.81 1.07

indicating successful entrapment of a small amount of SXP in the
pores. Results of BJH and NLDFT/GCMC models confirmed a
reduction in the pore volume of SBA-15 after drug loading by 10
and 9%, respectively. SBA-15 had a surface area of 589.55 m?/g,
as calculated by BET equations, and loading SXP led to reduced
nitrogen adsorption to the SBA-15 nanopores, leading to an
approximately 8.8% reduction in the total surface area, as shown
in Table 5. Additionally, the pore diameters were around 8 nm,
and SXP loading did not exert a noticed change in pore diameter,
as seen in Figure 5d.

CONCLUSION

The present study provides compelling evidence for the
prospective of MSNs to ameliorate the therapeutic efficacy
of SXP in treating PAH. By serving as nanocarriers, MSNs
have effectively improved the dissolution rate of SXP, with the
monolayer SXP-loaded SBA-15 formulation demonstrating the
most significant improvement. The successful entrapment of SXP
within the nanopores of SBA-15 was demonstrated through the
observed reduction in pore volume and disappearance of XRD
peaks in the loaded formulations. Furthermore, the study showed
that the amorphous state of SXP within MSNs did explain the
notably observed improvement in dissolution rate. These
findings indicate that MSNs show promise as a drug delivery
system for SXP and further research is needed to evaluate the in
vivo performance and the clinical application of MSNs for oral
delivery of SXP.
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