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ABSTRACT

Objectives: This study aimed to develop and evaluate COK-19 mesoporous silica as a
drug-releasing carrier for bosutinib to enhance its dissolution and in vitro drug-release
characteristics. Materials and Methods: COK-19 mesoporous silica was synthesized
using a hydrothermal method, and bosutinib was incorporated into the COK-19 matrix by
post-impregnation. The drug-loaded mesoporous system was evaluated for drug entrapment
efficiency and physicochemical characteristics using Brunauer-Emmett-Teller (BET) nitrogen
adsorption-desorption analysis, Fourier-Transform Infrared Spectroscopy (FTIR), Wide-Angle X-ray
Diffraction (WAXRD), Small-Angle X-ray Scattering (SAXS), Scanning Electron Microscopy (SEM),
and Transmission Electron Microscopy (TEM). In vitro drug-release studies were subsequently
performed to assess the release behavior of bosutinib. Results: Bosutinib-loaded COK-19
demonstrated a high drug entrapment efficiency of 93.56%. Characterization studies confirmed
the preservation of the surface morphology and structural properties of both bosutinib and the
mesoporous silica matrix. BET, SAXS, SEM, and TEM analyses demonstrated a high surface area,
uniform pore structure, and ordered mesoporous architecture. The in vitro drug-release study
showed an enhanced bosutinib release of 81.85%, indicating improved release characteristics
from the COK-19 carrier. Conclusion: COK-19 mesoporous silica demonstrated excellent potential
as a carrier for bosutinib, providing high drug loading and enhanced in vitro drug release. The
findings suggest that COK-19-based mesoporous delivery systems may be a promising approach
for improving the dissolution and therapeutic performance of poorly water-soluble bosutinib.
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INTRODUCTION

Lung cancer is the third most common cancer and the primary
cause of cancer related mortality globally. Among lung cancers,
80-85% of lung cancers are Non-Small Cell Lung Cancer
(NSCLQC)." The identification of certain genetic mutations that
promote tumor growth has led to significant advancements
in the treatment of NSCLC.** By targeting these mutations,
Tyrosine Kinase Inhibitors (TKIs) have completely changed the
way NSCLC is treated.*” TKIs have recently gained widespread
popularity in early and late-stage lung cancer treatment.! TKIs
work by interfering with mutant kinases, which are important for
controlling signaling pathways related to cellular development
and division. These medications target the aberrant proteins or
mutations that cause cancer to progress. Even while TKIs are
quite effective, many patients eventually develop resistance to
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them.® Through TKIs and combination tactics, survival rates and
quality of life for individuals with NSCLC can be improved.”®
TKIs have emerged as one of the most studied drugs for cancer
therapy.®!® TKIs such as sorafenib, gefitinib, sunitinib and
bosutinib are mainly used for the treatment of clear cell renal
carcinoma, advanced non-small cell lung cancer metastatic renal

cell cancer.!'"1?

Bosutinib, a second generation TKI that has been investigated as
a possible treatment for lung cancer by blocking various signaling
pathways to control growth, angiogenesis, survival and metastasis
of cancer cells."* Bosutinib is an orally administered, competitive
tyrosine kinase inhibitor that targets both Src and Abl tyrosine
kinase."” Bosutinib has strong anticancer potential, however its
clinical efficacy is limited by issues such as poor aqueous solubility,
low oral bioavailability, rapid metabolism and oft target toxicity.'¢
To overcome these challenges, the development of advanced
carrier systems capable of improving drug loading, stability and
controlled release is highly desirable.!” Its molecular weight is
530.45 g mol™” and its chemical formula is C, H,,CLN,O,. Figure
1 depicts the bosutinib’s molecular structure.

Mesoporous Silica Nanoparticles (MSNs) showed considerable
ability as drug carriers because of their special physicochemical
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properties, which include large surface area, huge pore volume,
variable pore size and excellent biocompatibility. High drug
loading capacity and regulated release behavior are made possible
by these characteristics.'®!* Furthermore, the abundance of silanol
groups facilitates easy surface functionalization, which enhances
drug-carrier interactions and permits targeted distribution.'**
Because MSNs can improve medication stability, solubility, and
therapeutic efficacy, they have been extensively investigated
for medicinal uses, including cancer therapy.®® Recent research
has demonstrated that by enabling stimuli-responsive and
site-specific drug release, mesoporous silica-based systems can
overcome major obstacles related to traditional chemotherapy.”!
These devices ensure controlled and targeted drug release at the
sick location by reacting to environmental (temperature, light) or
internal (pH, enzymes, redox conditions) stimuli. Additionally,
MSN’s large surface area and porous shape make it easier to
encapsulate hydrophobic medications, increasing their rate of
dissolution and bioavailability while reducing systemic toxicity.?

COK-19 has garnered increasing attention among the many MSNs
because of its linked channels, well-ordered pore architecture, and
improved structural stability. These characteristics make it a good
option for drug delivery applications, especially for anticancer
medications like bosutinib that are poorly soluble.”* Improved
dissolving behavior and therapeutic efficacy result from the
confinement of drug molecules within the mesoporous structure,
which also encourages their stabilization in an amorphous state
and prevents recrystallization. Additionally, strong hydrogen
bonding and electrostatic interactions can be facilitated by the
interaction of bosutinib molecules and the silanol groups on the
surface of COK-19, which enhances drug loading efficiency and
sustained release properties. In cancer treatment, controlled drug
release from mesoporous carriers is very helpful since it lowers
dosage frequency and side effects while maintaining therapeutic
drug concentrations over long periods of time.**

This study synthesized and assessed bosutinib loaded COK-19
as an effective drug delivery system. X-ray Diffraction (XRD),
Fourier Transform Infrared Spectroscopy (FTIR), Brunauer
Emmett Teller (BET) analysis, field emission scanning electron
microscopy (FESEM),
Electron Microscopy (HRTEM) were used to verify that bosutinib

and high-Resolution Transmission

was successfully incorporated into COK-19. The findings of the
characterization showed that COK-19's mesoporous structure
and morphology were preserved following drug loading, with
alterations in surface and textural characteristics verifying drug
incorporation within the pores. In vitro drug release studies
carried out under physiological conditions demonstrated
sustained release of bosutinib during the study period,
demonstrating COK-19's capacity to regulate drug release and
serve as an effective mesoporous drug delivery vehicle.

MATERIALS AND METHODS

Materials required

The precursors used for the synthesis of mesoporous COK-19
materials include Pluronic F127, anhydrous citric acid, trisodium
citrate dihydrate and sodium silicate solution purchased from
Sigma-Aldrich (Apurva Biotech, Karnal, India). Bosutinib drug
and dialysis membrane (molecular weight: 10 kDa) were bought
from Sigma-Aldrich (Bangalore, India). In all of the experimental
procedures, deionized water is used. All chemicals used were of
reagent grade and no additional refinement needed.

Synthesis

In previously published data (2015), 2.6 g of Pluronic F127 is
dissolve in 107.5 g of double distilled water from which F127
self assembles to form a micelle which then acts as a template.”
Buffering agents, citric acid (3.69 g) and trisodium citrate
dihydrate (2.55 g) are then added to the homogeneous solution.
The solution is then stirred continuously for overnight to obtain
a pH-controlled buffer solution. For the silica framework, a
separate solution was made using 10.4 g of sodium silicate
solution dissolved in 30 g of distilled water and put in dropwise
to the buffer solution to form white precipitates, producing
milky white suspension. The suspension is aged for 24 hr at 70°C
temperature. Then suspension is centrifuged, washed and dried
at 80°C. The dried material is then calcined in air at 350°C with
a temperature rising rate of 0.5°C min™ for 24 hr. Consequently,
a white COK-19 silica material is acquired at the end. Figure 2 is
representing the synthesis procedure of COK-19.

Calibration curve of bosutinib drug

A calibration curve was created using the serial dilution method to
evaluate bosutinib in subsequent tests. A series of serial dilutions
in concentration range 5 to 30 ug mL"' were made by gradually
diluting a stock solution with methanol. These solutions were
selected to cover the expected concentration range for analytical
purposes. UV-visible spectroscopy was used to measure the
absorbance of each diluted sample with maximum absorbance
wavelength (\ ) of 267 nm using methanol as a blank reference.
Each concentration was measured 3 times to make sure accuracy
and reproducibility the average absorbance values were used
for data analysis. A calibration curve was plotted between the
absorbance (A) and concentration (C) is shown in Figure 3. As
the resulting data demonstrated a strong linear relationship,
the best fit line was identified using linear regression analysis.
Regression analysis is depicted by the equation:

A =0.0186C + 0.0171(1)
Where A is absorbance in nm and C is bosutinib’s concentration

in uyg mL™*. This formula was then used to determine the unknown
amount of bosutinib concentrations in experimental samples.
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Drug loading

The medication bosutinib was loaded into COK-19 at room
temperature using the post-impregnation technique, which is an
effective method to load bioactive molecules into porous carriers
is shown in Figure 4. For drug loading, 100 mg of bosutinib
and 200 mg of COK-19 was added to 50 mL of methanol while
being continuously stirred at a speed of 500 rpm for 24 hr.
After the impregnation procedure, the resulting suspension was
centrifuged for 20 min at 3500 rpm to extract the drug-loaded
solid from the supernatant’s unbound drug. The sample was dried
and stored in a sealed container. The amount of bosutinib that
was effectively added to the COK-19 matrix was determined by
calculating the concentration of unincorporated medicine in the
supernatant. UV-visible spectrophotometric measurements were
made using bosutinib’s maximum absorption wavelength A
is equal to 267 nm. A calibration curve generated from several
standard bosutinib solutions was used to calculate the medication
in the supernatant. The drug entrapment efficiency was computed
using the following formula:

EE% = S=22% 100 (2)

Where, C=drugs initial concentration in mg mL" and C=drug’s
final concentration in the supernatant in mg mL'. These
calculations give quantitative understanding of effectiveness of
drug loading procedure.

Drug releasing

Bosutinb’s in vitro release profile was tested at room temperature.
First, 50 mg of the drug loaded COK-19 was submerged in 5 mL
of phosphate buffer solution for 15 min with gentle stirring. After
that, the solution is then transferred into the dialysis cellulose
membrane and kept in a 150 mL of phosphate buffered solution
of pH 6.8. At certain intervals, about 2 mL of the solution was
substituted with fresh buffer solution. Release media was then
analyzed using UV-visible spectroscopy at 267 nm. The amount
of bosutinib released was then calculated in accordance with
standard curve of bosutinib. The release amount experiences
targeted drug delivery with a useful structure for future
endorsement.

Characterization

The
characteristics of mesoporous COK-19 and bosutinib loaded
COK-19 were analyzed using a variety of methods. The amount of

physicochemical, — morphological and  structural

bosutinib loaded into COK-19 was investigated using UV-visible

spectroscopy (UV-1900, Shimadzu, Japan). The structural
characteristics of composites were evaluated using wide angle
X-ray Diffraction (XRD, Rigaku) at a 20 range of 10° to 80°.
Fourier Transform Infrared Spectroscopy (FTIR, Perkin Elmer
FRONTIER) was used to determine the presence of specific
chemical bonds in materials. Brunauer Emmett Teller (BET,
Microtac BEL Corp) utilized for the measurements of porous
properties and specific surface area of the material using nitrogen
sorption isotherm at 77 Kelvin. Field emission scanning electron
microscopy (SEM-EDX, JSM-7610FPLUS, JEOL) was used to
analyse the elemental composition and structural morphology.
High resolution transmission electron microscopy (HR-TEM,
JEM-ARM200F NEORAM, 200 KeV) was used to analyse high
resolution structural image.

RESULTS AND DISCUSSION

WAXRD

Figure 5 displays the WAXRD patterns of the bosutinib,
COK-19 loaded COK-19
nanomaterials. Figure 5(a), exhibits several sharp and intense

mesoporous and bosutinib
diffraction peaks which are indicative of a substance that are
highly crystalline.” These peaks validate the crystalline nature
of the pure medication bosutinib by matching its ordered
crystal lattice. The amorphous nature of the mesoporous silica
material COK-19 is demonstrated by a huge hump at 22° with
no sharp peak in Figure 5(c), and long-range order is absent. The
diffraction pattern of bosutinib loaded COK-19 is represented in
Figure 5(b), which lacks the strong crystalline peaks of bosutinib
and closely matches the amorphous pattern of COK-19. This
implies that rather than being present as crystalline particles on
the surface, bosutinib is successfully contained inside the pores
of COK-19 and is present in an amorphous or highly dispersed
state. The mesopores of mesoporous silica COK-19 are uniformly
loaded with bosutinib.

Figure 1: Molecular structure of Bosutinib.

Table 1: Structural characteristics of COK-19 and COK-19 loaded with bosutinib.

Sample Surface Area (m?g™)
COK-19 1583.81
Bosutinib-COK-19 215.82

Pore Volume (cm? g™')
0.9083
0.1672

Pore Diameter (nm)
3.1508
2.1543
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Figure 2: Synthesis of Mesoporous silica COK-19.
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Figure 3: Calibration curve of bosutinib.

FESEM with EDX

FESEM micrographs of COK-19 and COK-19 loaded with
bosutinib are shown in Figures 6a and 6b. As shown in Figure
6(b), the morphology of COK-19 does not change after drug
entrapment, indicating that the drug is confined in pore channels
of the silica matrix.”® Consequently, it is evident that drug
loading had no effect on surface morphology, indicating that
drug entrapment had no effect on bare matrix structure. EDX
spectra demonstrate that COK-19 is composed of Silicon (Si) and
Oxygen (O) as shown in Figure 7(a). The appearance of peaks
of carbon (C), Nitrogen (N) and Chlorine (Cl) from Figure 7(b)

confirms the bosutinib’s loading into the pores of COK-19. The
little peaks that represent N, Cl, and C are caused by the presence
of bosutinib in the silica matrix COK-19.

HRTEM

The HRTEM pictures of COK-19 and bosutinib loaded COK-19
are displayed in Figure 8(a). These materials have well organized
cubic arrays of mesopores.”® Drug entrapment results in the
integration of particles with closely packed structures as seen
in Figure 8(b). Furthermore, there were no noticeable drug
molecules agglomerates on the surface. After being impregnated
with entrapment of drug molecules, COK-19 channels remained
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regular and uniform without changing the parent material’s
framework structure.

BET

The nitrogen sorption isotherms for COK-19 and bosutinib
loaded COK-19 are depicted in Figure 9. According to IUPAC
classification of sorption isotherms, type IV characteristic curve
was observed which is for mesoporous materials.”** A final
saturation plateau of varying length, sometimes reduced to a
simple inflexion point, is a characteristic of type IV isotherms.”
Mesoporous silica and drug loaded silica hysteresis loops are
similar to the H2 type curve, which is associated with ordered
mesoporous materials.”” Surface area, pore volume and pore
diameter are summarized in Table 1 as measured using BET
isotherms. All measurements, including specific surface area,

WARATY
TYRL,
COK-19 | =| Bosutinib

= —

~

Sturing 24 Hours

O
@

Bosutinib loaded COK-19

pore volume and diameter, show a decrease upon drug loading
COK-19 material. This indicates that the pore channels of
COK-19 are either fully or partially filled after bosutinib loading.
This shows that the bosutinib molecules were successfully
incorporated into the COK-19 channels.

FTIR

FTIR spectra of bosutinib, COK-19 and bosutinib loaded
COK-19 is shown in Figure 10. Bosutinib's distinctive band,
which corresponds to nitrile stretching, was located at 2217 cm.
Additional peaks were found at 2938 cm™ (alkyl C-H stretching),
2802 cm! (N-H stretching), 1591 cm™ (NH-bending), 1465
cm’ (methylene group CH-bending), 1421 cm™ (methyl group
CH-bending), 1369 cm™ (aromatic amine C-N stretching),
1051 cm™ (C-N stretching), 851 cm™ (C-Cl stretching), and 724

Dried

Figure 4: Schematic showing loading of bsutinib into COK-19 using post impregnation method.
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Figure 5: WAXRD pattern of (a) Bosutinib, (b) Bosutinib loaded COK-19 and (c) COK-19.
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(a)

Figure 6: FESEM pictures of (a) COK-19 and (b) Bosutinib loaded COK-19.
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Figure 7: EDX spectra of (a) COK-19 and (b) Bosutinib loaded COK-19.
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Figure 8: HRTEM pictures of (a) COK-19 and (b) Bosutinib loaded COK-19.
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Figure 9: Nitrogen sorption isotherms of (a) COK-19 and (b) Bosutinib loaded COK-19.
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Figure 10: FTIR spectra of (a) Bosutinib, (b) Bosutinib-loaded COK-19 and (c) COK-19.

cm’ (NH wag).*® The FTIR spectra of COK-19 shows various
characteristics bands, the bands at 1074 cm™ and 808 cm™! which
are showing symmetric and asymmetric stretching vibrations of
siloxane group (Si-O-Si), the band at 1074 cm™ is the mesoporous
silica material’s major characteristic band. After drug loading,
bosutinib loaded COK-19 exhibits band at 1051 cm™ and 799
cm’’, which coincides to the siloxane group. It indicates that there
is slightly shift in the bands of siloxane group after drug loading.
The FTIR spectra shows a high degree of bosutinib dispersion into
the bare COK-19, which is corresponding to the drug entrapment
efficiency of bosutinib in mesoporous material.

SAXS

Figure 11(a) depicts the SAXS patterns of COK-19 and bosutinib
loaded COK-19 material. The formation of COK-19 is confirmed
by the sharp and intense peak at scattering angle of 0.065°, which
shows the ordered mesostructure of mesoporous silica.?* The
drugloaded sample still exhibits the peak at 0.065°, suggesting that

loading preserves the structural ordering of COK-19. Additional
small peak at 1° shows well-ordered mesostructure, but its lower
intensity indicates partial ordering. Bosutinib molecules partially
fill the mesopores and reduce the electron density difference
between the silica walls and the pore voids, which explains the
noticeable drop in peak intensity. Reduced peak intensity in
Figure 11(b) depicts the successful entrapment of drug bosutinib
in mesoporous COK-19.

Drug Release

Figure 12 is showing cumulative drug release profile of bosutinib
loaded COK-19, indicates sustained drug release system. In the
initial phase, first 12 hr, there was burst release of 42.67% due
to the weakly bound drug molecules to the surface of COK-19.
In the intermediate phase, 12 to 24 hr, moderate release of
74.23% is observed which shows the diffusion of drug from the
mesopores. After 24 hr, a plateau is observed with maximum
release of 81.85% in 72 hr. This demonstrates that some drug is
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Figure 11: SAXS pattern of (a) COK-19 and (b) Bosutinib loaded COK-19.
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Figure 12: In vitro drug release pattern of COK-

deeply trapped inside the pores of mesoporous silica COK-19.
This release profile shows the controlled and sustained release
of medication, maintaining the therapeutic levels with time and

reducing dosing frequency.

CONCLUSION

The hydrothermal approach was used to synthesize the
mesoporous silica COK-19, which is ideal for drug delivery
applications because of its high surface area, large pore volume
and diameter. Bosutinib was loaded into COK-19 using the post
impregnation technique, yielding into drug entrapment efficiency
of 93.56% without harming the silica framework. BET revealed
that COK-19 had a surface area of 1583 m?* g and after bosutinib
was loaded into the COK-19 matrix, the area is decreased to
215.82 m* g'. Drug release profile shows the 81.85% of drug
release in PBS (pH 6.8) after 72 hr study. Initially burst release

19 loaded with bosutinib.

was observed for 12 hr after that in intermediate stage, moderate
release of 74% was observed. Bosutinib loaded COK-19 showed
sustained and regulated release which make COK-19 promising
material for drug delivery. COK-19s structural characteristics
make it a viable drug delivery system for regulated and prolonged
drug release, high drug loading, increased therapeutic efficacy
and improved drug stability. It is a promising material for
advanced pharmaceutical and applications in biomedical as it
is suitable for targeted drug administration, which reduces the

frequency of doses.
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