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ABSTRACT

Objective: The present research aimed to formulate, optimize and evaluate dasatinib monohydrate-loaded nanoparticles using the ionic gelation
method as a potential anticancer drug delivery system for enhancing its dissolution rate.

Methods: Box-Behnken design was implemented to study the effects of selected parameters chitosan concentration (X1), Sodium Tripolyphosphate
(NaTPP) concentration (Xz), and NaTPP volume (Xs) on the drug release from developed nanoparticles. Moreover, optimized formulation was
evaluated for various parameters, including X-ray diffraction, differential scanning calorimetry, fourier transform infra-red, in vitro drug release and
drug kinetics. Then, in vitro cytotoxicity was executed via MTT assay method on leukemia cell lines (RPMI 8226).

Results: The results showed optimal conditions for maximum encapsulation efficiency and minimum particle size were a low chitosan
concentration, a medium NaTPP concentration, and a high NaTPP volume. The optimized batch (NP-7) demonstrated promising results with an
encapsulation efficiency of 83.12+0.17%, particle size of 96.8 nm, and an in vitro cumulative drug release of 91.37+0.49% after 24 h. The
cytotoxicity of dasatinib monohydrate was higher when administered in polymeric nanoparticles (NP-7) as compared to its pure form.

Conclusion: From this research, it can be concluded that the drug release was enhanced when dasatinib monohydrate was loaded into chitosan

nanoparticles.
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INTRODUCTION

Nanoparticles (NPs) emerged in the 1970s as a Drug Delivery System
(DDS) approach to improve the stability and solubility of the
encapsulated molecules, promote drug delivery across cellular
membranes as well as enhance drug circulation duration, improving
safety and efficacy [1]. Particle sizes less than 250 nanometers are
considered as nanoparticles. Nanoparticles with diameters between
10 and 200 nm have the best retention and penetration effects, making
them ideal for tumor tissue accumulation [2, 3]. The drug Dasatinib
Monohydrate (DSB), an aminopyrimidine derivative and tyrosine
kinase inhibitor, was chosen as the model drug for this investigation.
In leukemia cells, DSB inhibits Abelson Murine Leukemia (ABL1) and
Breakpoint Cluster Region (BCR) and Src tyrosine kinase activity
uniquely and powerfully. The US Food and Drug Administration
approved this drug [4, 5]. The emergence of dasatinib and nilotinib,
two second-generation TKIs, as first-line treatment for Chronic
Myeloid Leukemia (CML), gave patients hope for long-term survival.
As a result, transcripts encoding the BCR/ABL1 allele dropped
precipitously and quickly [6, 7]. The Philadelphia (Ph) chromosome, a
hematopoietic stem cell disorder known as CML, is formed when
chromosomes 9 and 22 rearrange themselves. These chromosomes
are themself offsprings of gene fusion between ABL1 and BCR genes.
BCR-ABL1 fusion gene causes cell cycle dysregulation and the
synthesis of the ABL protein, which is a constitutively active tyrosine
kinase [8, 9]. Because of its high permeability and low solubility, DSB is
classified as a class-Il drug according to the Biopharmaceutical
Classification System (BCS). Although it is suggested to be taken at
large dosages, it has a short plasma half-life, lacks specificity, breaks
down quickly, and is eliminated quickly [10, 11]. Dasatinib can cross
the Blood-Brain Barrier (BBB) and modulate the immune system [12].
Currently, dasatinib is prescribed to patients with CML who have
developed resistance to imatinib [13, 14]. N-(2-chloro-6-methyl
phenyl)-2-({6-[4-(2-hydroxyethyl) piperazin-1-yl]-2-methylpyrimidin-
4-yl} amino)-1, 3-thiazole-5-carboxamide [15] is its IUPAC name.

In this study, we have focused on the formulation, optimization and
evaluation of nanoparticles of dasatinib monohydrate using the ionic
gelation method as a potential anticancer drug delivery system.

MATERIALS AND METHODS
Material

Dasatinib monohydrate was procured from Moleculochem Private
Limited, New Delhi. Bio-Gen Extract Pvt. Ltd. generously provided
chitosan with a degree of deacetylation of 92.6%. (Bangalore, India).
Ranbaxy Fine Chemicals Ltd. of Delhi, India, and CDH of India were
the suppliers of Sodium Tripolyphosphate (NaTPP) and glacial acetic
acid, respectively.

Methods
Preparation of dasatinib monohydrate nanoparticles

To develop nanoparticles, the ionic gelation approach was chosen
due to its simplicity and the fact that it did not include the organic
phase [16]. A solution of chitosan (0.5 to 1% w/v) in 1% v/v glacial
acetic acid was used. An aqueous solution of NaTPP with 0.2 to 0.5%
w/v has been prepared by dissolving drug in distilled water. The
chitosan solution was supplemented with the drug at a
concentration of 0.3% w/v. Then, with constant stirring, 1 drop of
NaTPP solution was added to the 50 mg drug-containing chitosan
solution. lonic and electrostatic interactions between ions with
opposite charges resulted in development of nanoparticulate
suspension. Next, a solution was centrifuged at 18,000 rpm for 30
min at 15 °C. To eliminate any residual impurities, it was freeze-
dried [17].

Optimization

The Box-Behnken Design (BBD) has been utilized to produce
nanoparticles that contain dasatinib monohydrate. Three criteria
were chosen, and each of them has three levels. Xi= chitosan
concentration (% w/v), X2= NaTPP concentration (% w/v), and
X3= NaTPP volume (ml) were the chosen parameters. All of the
formulations keep the same drug content and chitosan volume (35
ml). The Design Expert® recommended seventeen different
batches of nanoparticles loaded with dasatinib monohydrate (NP-
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1 to NP-17), which were then developed and tested for the chosen
response [18-22].

Evaluation of prepared nanoparticles
Particle size analysis

A laser diffractometer (Zetasizer Nano ZS90, Malvern equipment, UK)
with a hydro dispersion unit was employed to measure the nanoparticle
size. Diluting each sample with 2 mg of prepared nanoparticles in 5 ml of
distilled water was the first step in preparing the samples for scanning at
17 runs per sample in a hydro dispersion unit. The next step was to fill
the cuvettes with the diluted mixture. A cumulant diameter was then
calculated by averaging the diameters of all 17 runs [23, 24].

Entrapment efficiency and loading capacity

These were assessed after the nanoparticles' extraction from the
aqueous medium using ultra-centrifugation at 18,000 rpm and 15°C
for half an hour. The supernatant has been used in a UV
spectrophotometer at a maximum wavelength of 294 nm to measure
the quantity of free drug [25]. It was performed in triplicates. The
formula shown below was used to compute these:

Total drug — Free drugX 100

9 =
% EE Total Drug

Attenuated total reflectance spectroscopy (ATR)

Both the drug and its excipients were subjected to ATR
spectroscopy. A bench-top spectrometer was used to record the
spectrum (Bruker Tensor 27, Germany). The range of 4000-400 cm™!
was used for the scanning of the powdered samples [26, 27].

Thermal analysis

The pure drug was subjected to a Differential Scanning Calorimetric
(DSC) analysis to ascertain the component compatibility and crystalline
behavior. DSC was used to conduct a DSC study (Q10 V9.9, Waters Corp,,
USA). The standard was indium. Scanning was performed using an
empty aluminum pan and temperatures between 30 and 300 °C ata rate
of 10 °C per min with a nitrogen flow rate of 60 ml/min [28, 29].

Crystallographic studies

X-ray diffraction patterns of dasatinib monohydrate powder were
obtained by use of an X-ray diffractometer (AXS D5005, Bruker,
Germany). Stainless steel was used as a support for the powder
samples before they were exposed to Cu Ka radiation (£ = 1.540564)
in continuous scan mode. The step size was 0.02° and the step time
was 20 sec. To analyze dasatinib monohydrate and the nanoparticles,
a 40 kV generator tension and a 30 mA current were used [30].

In vitro drug release studies

To study drug release in vitro, the modified dialysis bag method was
used. The developed nanoparticles were dialyzed on a magnetic

Int J App Pharm, Vol 16, Issue 5,2024, 359-367

stirrer at 37£0.5 °C with 100 rpm in the presence of 100 ml of 0.1N
HCl ata pH of 1.2. The bag was then sealed. At regular intervals, 0.1N
Hydrochloric acid (HCl) was incorporated into the receptor solution
to maintain the sink conditions. Quantitative evaluation of the
dasatinib-containing solution was then carried out utilizing
ultraviolet (UV) light at 294 nm in triplicates [31].

In vitro cytotoxicity

In Dulbecco's Modified Eagle's (DMEM) medium, a leukemia cell
line RPMI 8226 from Roswell Park Memorial Institute was
obtained and cultured. Centrifuged at 125 g for 5 min after
removing the RPMI 8226 from its liquid nitrogen container and
adding it to 9 ml of complete culture media. Following
centrifugation, 10 ml of full DMEM medium was incorporated
into pellets, and the supernatant was discarded. The cells were
kept in an incubator with a Carbon Dioxide (COz) humidifier at a
temperature of 37 °C. Once the cell confluency reached around
80%, the cells were separated using trypsin-EDTA and then
moved to two T-25 flasks. The test flask was used after the cell
confluency reached around 80 to 90% [32].

MTT assay

The test agent was left out of a 96-well plate containing 200 pl of cell
suspension (in full DMEM media with 10% fetal bovine serum), which
was then allowed to proliferate for about 24 h. The plate included 20,000
cells per well. Following a 24 h incubation period, the test compounds
have been added to the 96-well plates at the correct concentrations and
left to incubate at 37 °Cin a 5% CO: environment for another 48 h. Once
the incubation time was over, the plates were taken out of the incubator.
The wasted medium was then drained and MTT reagent was added until
it reached a final concentration of 0.5 mg/ml, using a 0.2 um filter that
had been sterilized. To keep the plates from getting any light, they were
enclosed with aluminum foil and put in an incubator for three hours.
Following the incubation period, 100 pl of dimethyl sulfoxide was added
after the MTT reagent had been withdrawn. Spectrophotometer
readings were taken at 570 nm using a TecanTM Infinite 200 Pro. It was
performed in triplicates [33].

RESULTS AND DISCUSSION

To develop dasatinib-loaded chitosan nanoparticles, the positive
charge on chitosan and the negative charge on NaTPP interacted
electrostatically during the ionic gelation process. Box-Behnken
Design was implemented. Three parameters—concentration of
chitosan, the concentration of NaTPP, and volume of NaTPP—each
of which had three possible values (-1, 0,+1) were selected.
Suggested seventeen nanoparticle formulations loaded with
dasatinib were developed. Using the Design Expert software
(version 8.0.7.1), we analyzed the particle sizes statistically. Table
1 shows the results of particle size of dasatinib monohydrate-
loaded chitosan nanoparticles.

Table 1: Formulation suggested by design expert and their characterization (NP1 to NP17)

Batch No. X1 (Conc. of chitosan) X2 (Conc. Of NaTPP) X3 (Vol. of NaTPP) Particle size (nm) EE (%)*

NP1 200 100 50 281.8 74.51+1.21
NP2 400 100 50 343.6 76.45+1.37
NP3 200 300 50 370.1 67.19+0.89
NP4 400 300 50 356.3 72.54+1.10
NP5 200 200 25 310.4 55.31+0.69
NP6 400 200 25 293.2 64.23+0.93
NP7 200 200 75 96.8 83.12+1.42
NP8 400 200 75 245.9 78.36+£1.39
NP9 300 100 25 198.6 69.27+£0.99
NP10 300 300 25 382.1 76.97+1.32
NP11 300 100 75 312.7 51.66+0.61
NP12 300 300 75 150.3 81.49+1.42
NP13 300 200 50 360.2 68.18+0.90
NP14 300 200 50 308.4 65.41+0.81
NP15 300 200 50 308.3 69.38+1.01
NP16 300 200 50 314.6 66.07+0.96
NP17 300 200 50 334.5 71.22+1.05

Abbrevations: Conc.-Concentration, Vol.-Volume. *All results are given as mean+SEM (n=3).
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Particle size

A size distribution of particles ranging from 96.8 nm to 382.1 nm was
observed (table 1). The smallest particles were produced by increasing
the NaTPP volume, decreasing the chitosan content, and maintaining a
medium concentration of NaTPP. Perovskite size peaked at medium
chitosan concentration, high NaTPP concentration, and low NaTPP
volume. NP-7 formulation showed a particle size of 96.8 nm. They were
spherical, with uniform internal distribution and good dispersion [34].

Analysis of Variance (ANOVA) was used to examine the mathematical
model's fit and significance to this estimate. The responses
demonstrated in fig. 1, the findings of the particle size investigation, were
fitted using the response surface quadratic model.
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One such mathematical expression for the model that predicts
particle size (Y1) using multiple linear regression is:

Yi= 325.20+22.49X1+15.26X2-47.32X3-18.90X1X2+41.57X1X3-
86.47X2X3-5.80X12+18.55X22-82.83X32

Where Y: = Particle size, X1 = Concentration of chitosan, Xz =
Concentration of NaTPP, X3 = Volume of NaTPP

The positive coefficients indicate that size is positively impacted. In
contrast, negative coefficients before independent variables signify
an unfavorable impact on size [35]. To examine the mathematical
model's fit and relevance in estimating particle size, ANOVA has
been utilized, as given in table 2.

Table 2: Results of ANOVA for particle size

ANOVA Degree of freedom Sum of squares mean square F-value F-significance”
Regression 9 92187.07 10243.01 11.50 Significant
Residual 7 6232.88 890.41 - -

Total 16 98419.95

When comparing the regression and residual means squares, an F-
test was used. There is statistical evidence of a substantial
regression (F = 11.50). Particle size response surfaces based on the

Particle Size (nm)

B NaTPP (mg)

T
200 250 300

A: Chitosan (mq)

a

Partice Size ()

predicted model are therefore possible. Both the 3 Dimesional (3D)
surface model and the contour model graphs about particle size are
shown in fig. 1.
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b

Fig. 1: (a) 2D contour model graph and (b) 3D surface model graph for particle size
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Fig. 2: (a) 2D contour model graph and (b) 3D surface model graph for % EE

% Entrapment efficiency (% EE)

% EE ranging from 51.66 to 83.2% was observed as shown in table
1. The highest %EE was produced by the medium NaTPP volume,
the lowest the chitosan content, and a medium concentration of
NaTPP. ANOVA was used to examine the mathematical model's fit

and significance for this estimate. To get the response shown in fig.
2, the findings of the %EE investigation were fitted using the
response surface quadratic model.

One such mathematical expression for the model that predicts %EE
using multiple linear regressions is:
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Y2=+66.30++2.15X1+0.0500X2+12.18X3+0.66X1X2-3.58X1X3-
1.03X2X3+5.72X12+0.4565X22-4.27X3?

Where Y2 = %EE, X1 = Concentration of chitosan, X2 = Concentration
of NaTPP, X3 = Volume of NaTPP

When comparing the regression and residual means squares, an F-test
was used. There is statistical evidence of a substantial regression (F =
8.51), indicating the linear response surface and quadratic model was
significant as mentioned in table 2 [35]. % EE response surfaces based
on the predicted model are therefore possible. Both the 3D surface
model and the contour model graphs about % EE are shown in fig. 2
and the desirability index is shown in fig. 3. Based on coded equations
and desirability index, NP-7 was found to be an optimized
formulation that was further evaluated for various parameters.

Desirability

Desirability 1000
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Attenuated total reflectance spectroscopy (ATR)

Both the pure drug (DSB) and DSB loaded nanoparticles had
their spectra recorded, as seen in fig. 4. The pure drug's ATR
spectrum showed characteristic peaks at 1300.22 cm™ for C-C
stretching, 1677.33 cm™ for C=C stretching, 1211.34 cm™!for C-N
stretching, 3408.61 cm™ for N-H stretching, 2991.68 cm™!for
aromatic C-H stretching, 1047.33 cm™'for aromatic C-H bending
and 681.33 cm™ C-Cl stretching as shown in table 3 which
proved the correct structure of dasatinib [36]. When comparing
the ATR spectra of the pure drug with the formulation, there was
no evidence of altered functional peaks, overlapping distinctive
peaks, or the emergence of completely new peaks that confirmed
that there was no chemical incompatibility among selected
excipients and drug.
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Fig. 4: ATR spectrum of (a) dasatinib monohydrate, and (b) physical mixture and NP-7
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Table 3: ATR compatibility studies of drug and excipients

Groups Reported values  Observed values for pure drug (cm™) Observed values for drug and excipients (cm™)
C-C stretching 1300-400 1300.22 cm™ 1328.07

C=C stretching 1700-1600 1677.33 cm™ 1669.89

C-N stretching 1080-1360 1211.34 cm™ 1211.02

N-H stretching 3600-3310 3408.61 cm™ 3611.06

Aromatic C-H stretching 3200-3000 2991.68 cm™ 2989.26

Aromatic C-H bending 1000-675 1047.33 cm™ 1061.79

C-Cl stretching 600-800 681.33 cm™ 657.15

Differential scanning calorimetry (DSC) analysis

Fig. 5(a) shows that dasatinib has a single strong endothermic
peak at 283.45 °C, which was about the same as its melting point.

The physical combination

tested positive

for dasatinib

monohydrate and polymer by DSC as shown in fig. 5(b). NP-7 did
not exhibit endothermic peak as shown in fig. 5(c). This is
because, when nanoparticles were formed, the drug was either
dissolved in a polymer matrix or distributed in an amorphous
form.
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Fig. 5: DSC spectrum of (a) dasatinib monohydrate, (b) physical mixture and (c) NP-7 formulation
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X-ray diffraction (XRD)

The dissolution rate of NPs is not only governed by particle size of
the drug but also by its crystalline/amorphous state. Usually,
dissolution rate of amorphous drugs is faster than that of
crystalline. In addition, drug amorphization can also result in
greater saturation solubility. To assess state of drugs upon
nanonization, we analyzed their diffraction pattern by PXRD [37].
Fig. 6(a) shows that the DSB's XRD spectra revealed its crystalline
form with distinct and moderately strong peaks at 26 angles of

Counts

2Theta (Cor

8002
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Counts

4003

3003

100-
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12.33°, 13.15°, 13.17°, 13.72°, 16.17°, and 24.36°. XRD pattern for
the NP-7 formulation is shown in fig. 6(b). According to the
diffraction patterns, DSB lost some of its crystalline structure and
became more amorphous. This is supported by the presence of
many large diffuse peaks. The appearance of the new peaks
suggests that this drug underwent changes during nanonization,
which may have led to the formation of a different polymorph
[37]. Nanoparticle spectrum exhibited broad diffuse peaks, which
suggest that the crystalline nature of the DSB was decreased and
converted into amorphous nature [38].

wpled TwoTheta/Theta) WL=1.54060

a
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Fig. 6: XRD Spectrum of (a)

b
dasatinib monohydrate and (b) NP 7

% Comulative drug release
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Time (h)

Fig. 7: In vitro drug rel

In vitro drug release studies

When the characteristics NPs were revealed, we need to verify the
release of DSB. This is one of the main parameters of the carrier [39-
40]. Formulation NP-7 was chosen for further in vitro drug release
investigation due to its small particle size and good entrapment
effectiveness. There was a 91.37% cumulative release of the drug

ease profile of NP-7 in 0.1N HCI

from optimized formulation (NP-7) after 24 h in 0.1N HCl at pH 1.2.
Fig. 7 shows the results of in vitro drug release investigation.

Release Kinetics

The optimized batch NP-7 showed high correlation coefficient (R?)
values on the drug release mechanism as well as kinetics. Different
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kinetics models have been fitted to the in vitro drug release data
using DD Solver 1.0. Table 4 shows that the zero-order, first-order,
Higuchi, and Korsmeyer-Peppas models have R? values of 0.940,
0.985, 0.988, and 0.990, respectively. According to the Korsmeyer-
Peppas model, the drug release mechanism from the nanoparticles
was determined to be non-fickian diffusion because of its highest
correlation value.

Table 4: Correlation coefficients for drug release Kinetics

Release model Correlation coefficients (R?)

Zero Order 0.947
Higuchi release model 0.985
First Order 0.988
Korsmeyer-peppas model 0.990

In vitro cytotoxicity study

In order to detect the antitumor activity of nanoparticles and pure
drug, leukemia cell line RPMI 8226 were selected. The cytotoxic
activity of dasatinib monohydrate, both in its pure form and as a
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loaded chitosan nanoparticle was investigated. Because of its small
particles and high entrapment efficiency, the NP-7 formulation was
chosen for cytotoxicity investigation. Particle size has a significant
impact on absorption of drug in cancerous cell, and a zeta potential
value increases cytotoxicity by interacting more strongly with
tumorous cell [2]. Particle size and zeta potential may be related to
the cytotoxicity of dasatinib monohydrate-loaded chitosan
nanoparticles. The cytotoxicity of dasatinib monohydrate was higher
when administered in polymeric nanoparticles (NP-7) as compared
to its pure form. The delayed release rate of dasatinib monohydrate-
loaded chitosan nanoparticles may be responsible for their
increased cytotoxicity. When comparing free dasatinib monohydrate
and NP-7, the ICso value was found to be 40.93 pg/ml and 42.18
ug/ml, respectively as shown in fig. 8 and table 5. It is suggested that
developed nanoparticles have more significant cytotoxic effects on
these cell lines. For dasatinib, cell viability significantly decreased
with an increase in drug-loaded nanoparticles [39]. The reason was
that nanoparticles increased the water solubility and targeting of
drugs, increased the concentration of drugs in cells, and showed a
stronger inhibitory effect on cells. The ICso value reflected the same
results [41]. These results revealed that nanoparticle formulation
was more effective at cytotoxicity than pure drug.
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Fig. 8: % viability graph of pure dasatinib monohydrate and prepared nanoparticles (NP-7), All results are given as mean (n=3)

Table 5: Results of ICso value for pure drug and nanoformulation (n=3)

S. No. Compound ICso value (pg/ml)
1. Pure drug 40.93+0.12
2. NP-7 42.180.18

All results are given as mean+SEM (n=3).

CONCLUSION

In this study, we have successfully fabricated a safe and efficient
drug delivery system that can achieve a slow release of drug and
target tumor cell lines. The nanosystem takes dasatinib as part of the
carrier, effectively improving dissolution rate of the dasatinib
monohydrate using ionic gelation method. Both entrapment and
loading efficiency were high for the developed dasatinib
monohydrate nanoparticles. Drug release was influenced by
chitosan molecular weight and NaTPP matrix cross-linking agent.
The developed nanoparticles showed good control release for 24 h
in the treatment of CML. At low concentrations of polymer
(chitosan), mid-level concentrations of NaTPP and high levels of
NaTPP volume, the response surface quadratic model best fit the
ANOVA on particle size, which revealed that the prepared
nanoparticles have the smallest size. Based on coded equations and
desirability index, NP-7 was found to be an optimized formulation.

The release of the drug from the nanoparticles followed a non-fiction
diffusion process because of its highest correlation value of 0.990. When
comparing pure dasatinib monohydrate and NP-7, the ICso value was
found to be 40.93 pg/ml and 42.18 pg/ml, respectively. Particle size
showed significant impact on absorption of drug in cancerous cell, and a

zeta potential value increaseed cytotoxicity by interacting more strongly
with tumorous cell. Particle size and %EE is related to the cytotoxicity of
dasatinib monohydrate-loaded chitosan nanoparticles. This study
provides an effective strategy for the design of nanomedicines with high
selectivity and improved antitumor effects of dasatinib.
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