Pharmaceutical Sciences 2026;32(3):469-478
doi:10.34172/ps.43430

https:/ps.tbzmed.ac.ir TUOMS

PRESS

CrossMark
&clickfor updates

Original Article

Optimized Bilosome Delivery System for Dasatinib:
Formulation, Characterization, and Pharmacokinetic
Evaluation

Ahmed Hamed Salman'?"™, Shaimaa Nazar Abd Alhammid?

'Department of Pharmaceutics, College of Pharmacy, Al-Bayan University, Baghdad, Iraq
’Department of Pharmaceutics, College of Pharmacy, University of Baghdad, Baghdad, Iraq

Abstract

Introduction: Dasatinib (DST), a second-generation tyrosine kinase inhibitor, suffers from poor
aqueous solubility and pH-dependent absorption, limiting its oral bioavailability. Bilosomes—
vesicular carriers stabilized with bile salts—offer enhanced stability in the gastrointestinal
tract and improved drug encapsulation compared to conventional liposomes and niosomes.
In this study, a DST-loaded bilosome (DST-LB) formulation was developed and its solubility,
dissolution, and bioavailability were evaluated.
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Methods: Bilosomes were prepared using the reverse-phase evaporation method and optimized
via Box-Behnken design. The formulation was characterized for particle size, zeta potential,
entrapment efficiency, and morphology. Capsules were evaluated for weight variation, content
uniformity, dissolution, and stability. Pharmacokinetic studies were conducted in rabbits and

Results: The optimized bilosomes exhibited a mean particle size of 113 nm, a polydispersity
index of 0.11, a zeta potential of =22 mV, and an entrapment efficiency of 81%. Capsules
showed excellent flowability and uniformity. Dissolution studies showed a sustained-release
profile governed by non-Fickian transport (n=0.725), whereas the marketed tablet displayed a
faster release profile following first-order kinetics (n=0.450). In vivo, bilosomes achieved higher
C  (477.8 ng/mL vs. 374.4 ng/mL), shorter Tmax (1 h vs. 1.5 h), and greater AUC (2886.5 ng-h/
mL vs. 2107.7 ng-h/mL), indicating that the systemic exposure was 38% higher with bilosomes
compared to the marketed tablet. Stability testing confirmed first-order degradation with a

Conclusion: DST-LB significantly enhanced dissolution, absorption, and bioavailability
compared to the marketed tablet, supporting its potential as a modified-release oral delivery

Bioavailability
analyzed using non-compartmental modeling.
predicted shelf life of 2.1 years.
system for improved therapeutic outcomes.
Introduction

Dasatinib monohydrate (DST) is a second-generation
tyrosine kinase inhibitor indicated for patients with
chronic myeloid leukemia (CML) who exhibit resistance
or intolerance to prior therapies.! Aqueous solubility
is believed to contribute substantially to variability
in medication absorption.? DST is rapidly absorbed,
achieving peak plasma concentrations within 0.5 to 3
hours after oral administration, with solubility contingent
upon pH levels.> The inadequate bioavailability of DST
may be attributed to its limited aqueous solubility, as it is
classified as a BCS Class II compound. The bioavailability
of BCS class II medicines is based on solubility and
dissolution.*

In vitro findings demonstrate that DST exhibits pH-
dependent solubility. Solubility diminishes significantly
at pH levels over 4.0, declining from 18.4mg/mL at pH

2.6 t0 0.205mg/mL at pH 4.28, and further to <0.001 mg/
mL at pH 6.99.° Thus, considerable pharmacokinetic
interactions have also been reported between tyrosine
kinase inhibitors and medications that elevate stomach
pH. The co-administration of DST with famotidine and
antacids resulted in a decrease in AUC of around 60%
and 55%, respectively.’ A similar interaction was reported
with omeprazole.® Consequently, H2 antagonists and
proton pump inhibitors are not advised for simultaneous
administration with DST. In addition to medication
interactions, reduced absorption of DST may occur
under pathophysiological conditions that elevate stomach
pH, such as hypochlorhydria or achlorhydria, which is
prevalent in the population, with its incidence rising with
age.® Overcoming such shortcomings has gained attention
in recent years to improve the oral bioavailability of DST.
One of these attempts was to use an amorphous solid
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dispersion,”!" nanoemulsifying drug delivery system'?,

nanoparticles.'*!*

Bilosomes, which are vesicles stabilized by bile salts,
constitute a novel vesicular carrier.”” They function
as closed vesicles composed of nonionic surfactants
that resemble niosomes but incorporate bile salts.'®
When taken orally, bilosomes offer protection against
challenging circumstances, including the stomach’s acidic
environment and digestive enzymes, due to the inclusion
of bile salts as their primary structural component.”
Moreover, they provide superior durability against the
challenging environments of the gastrointestinal tract
for the encapsulated therapeutic agent, in contrast to
conventional niosomes and liposomes, which rapidly
degrade and release the encapsulated medication
before reaching the target cells.”® Bilosomes exhibit
remarkable durability at ambient temperatures and
within refrigeration, primarily due to the large negative
charge conferred by bile salts. From a commercial
perspective, bilosomes may be favored over alternative
nanocarrier systems because of their accessibility and the
simplicity and cost-effectiveness of their manufacturing
processes. Moreover, this approach offers improved
patient adherence.””?! Bilosomes primarily consist of
phospholipids (in liposomes) or nonionic surfactants
(in niosomes), cholesterol, and bile salts.?? The ratios of
these substances vary according to the characteristics of
the encapsulated medicine and the desired method of
administration. The structural components are essential
for the effective production of bilosomes with the requisite
properties.”

Despite exploring multiple formulation strategies to
improve DST’s oral bioavailability, these methods have
shown limited success in overcoming pH-dependent
solubility and drug-drug interactions with acid-
reducing agents. Most previous studies mainly focused
on enhancing dissolution rates but did not adequately
address DST’s instability in the gastrointestinal tract or
its variable absorption under altered gastric conditions.
Additionally, conventional nanocarriers such asliposomes
and niosomes often suffer from premature degradation,
poor stability, and rapid drug leakage, limiting their
translational potential. This creates a critical need for a
robust, stable, and patient-friendly oral delivery system
that can protect DST from gastric degradation, sustain
its release, and improve systemic absorption. Bilosomes,
with their bile salt-stabilized vesicular structure, directly
meet this need by offering increased stability, resistance
to enzymatic degradation, and enhanced intestinal
absorption, making them a promising alternative to
conventional nanocarriers.

This study aims to develop, optimize, and evaluate
a Dbilosome-based oral delivery system for DST
that specifically tackles its poor aqueous solubility,
pH-dependent absorption, and instability in the
gastrointestinal tract. By adding bile salts and Soluplus®
into the bilosome structure, the formulation is intended
to enhance drug solubilization, shield against gastric

degradation, and increase systemic exposure compared to
the marketed tablet.

Methods

Materials

The materials employed in this study include cholesterol
from Avonchem, UK; methanol (99%) from CHEM-Iab,
Belgium; mannitol; potassium dihydrogen phosphate,
phosphate-buffered saline (pH 7.4), and sodium
hydroxide, all sourced from Hi-Media, India; and sodium
deoxycholate from Avonchem Ltd., UK; Triton-X100
purchased from Loba Chemie Pvt. Ltd., India.

Additional reagents comprise Span® surfactants 20,
40, 60, and 80, as well as Tween® surfactants 20, 40,
60, and 80, both from Loba Chemie Pvt. Ltd., India;
dasatinib monohydrate powder from Wuhan Hanweishi
Pharmchem Co., China; Soluplus® from Germany; and
ethanol (96%), dimethyl formamide, and hydrochloric
acid (HCI), all provided by CHEM-lab, Belgium.

Determination of Absorption Maxima (Amax)

The UV spectra were acquired using a double-beam UV/
Visible spectrophotometer (Shimadzu UV-19001, Japan)
with 10 mm matched quartz cells. The solution contains
100 mg of the drug per 100 mL dissolved in different
solutions.***

Preparation and formulation of dasatinib-loaded
bilosome (DST-LB) nanoparticle formulation

The reverse-phase evaporation method was used to
formulate the DST-LB formulas with some modification;
the components of DST-LB must include cholesterol,
nonionic surfactant (Tweens and spans), bile salts
(sodium deoxycholate (SDC)), and stabilizing agents
(soluplus).?*® The procedure is as follows: a mixture of
surfactants (Tween 60 (150 mg) and Span 60 (110 mg)),
95 mg of cholesterol, and 20 mg of DST was combined
in a round-bottom flask with an adapter containing 10
mL of ethanol. The solution was sonicated in a water
bath sonicator (Copley Scientific Limited, Nottingham,
England) at 40°C for 15 minutes to ensure complete
solubilization of the mixture. The aqueous phase
solution was made by dissolving 12 mg of SDC and 100
mg of Soluplus in 5 mL of deionized water. The phases
were mixed using an ultrasonic bath (Copley Scientific
Limited, Nottingham, England) to form a stable white
emulsion. The emulsion was then dried using a rotary
evaporator at 150 rpm (150 mbar, 40°C) for 60 minutes
to form a thin film, and subsequently rehydrated with 10
mL of deionized water. The resulting bilosome dispersion
(2 mg/mL) was heated in a water bath sonicator (Copley
Scientific Limited, Nottingham, England) at 40°C for 30
minutes to create a homogeneous dispersion, followed
by sonication (VCX 750, VibraCell™ Sonicator, Sonics
& Materials Inc., USA) for 5 minutes at 30% amplitude
with a pulse of 10 seconds on and 10 seconds off. This
procedure was employed to minimize vesicle size,
after which the resulting dispersion was stored at 4 °C
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for subsequent analyses. For details on the pilot study
concerning the optimization and selection of DST-LB
formulation components, refer to Supplementary File S1.%

Lyophilization of the optimized formula

Lyophilization of the optimized bilosomes formula
was performed using mannitol as a cryoprotectant 2%
w/v. The lyophilization process involved subjecting the
formulation to a primary freezing temperature of -20 °C
for 24 hours, followed by immersion in liquid nitrogen for
15 minutes. Subsequently, the formulation was lyophilized
for 72 hours under a pressure of 0.4 bar.’*! The obtained
powder was stored in a tightly closed container for further
investigations.

Characterization of DST-LB formulation

Measurement of particle size, polydispersity index, and
zeta potential

Dynamic light scattering (DLS) was used to determine the
polydispersity index (PDI) and polydispersity of DST-LB
using a Zetasizer (Malvern, UK). The measurements were
conducted at 25 +2°C.*** Additionally, the zeta potential
(ZP) of the bilosomes was measured by observing how
the bilosomes moved in an electrical field in deionized
water using the same instrument. To ensure accurate
measurements, the samples were diluted 10-fold with
deionized water before analysis. The ZP measurement
allowed an understanding of the surface charge of the
bilosomes, which was important for the stability of the
bilosomes.*?*

Determination of percentage entrapment efficiency

The direct method (dialysis method) was used to calculate
the EE; a 2 mL DST-LB formula was placed in a dialysis
bag (HiMedia Laboratories LLC, USA) and dialyzed
against 500 mL of medium (deionized water+0.5%
Triton X). After 24 hours, the amount of drug recovered
from the dialysis bag (Wr) was determined by UV-vis
spectroscopy. The EE was calculated using the equation
below™:

EE (%)== x100%
total
Where W is the total amount of drug in the dialysis
bag before the procedure, W_is the amount of drug that
was recovered from the dialysis bag at the end.

Transmission Electron Microscopy (TEM)

Zeiss Libra 120 PLUS (Carl Zeiss NTS, Germany) was
used for all TEM investigations of bilosome morphology
and bilayer architecture. A freshly prepared optimized
bilosome suspension was diluted with deionized water
(I mg/mL), and then the suspension was filtered. The
diluted suspension was sonicated for 5 minutes in an ice-
cooled bath to disperse aggregates, and the suspension
was maintained on ice until grid deposition. Continuous
carbon-coated, 200-mesh copper grids were glow-
discharged (15mA, 30s) to render the surface hydrophilic.

A 3 uL aliquot of nanobilosome suspension was applied
and adsorbed for 60 s. Excess liquid was wicked away with
filter paper. Then, 5 uL of 2% (w/v) uranyl acetate (pH 4.5)
was added for 30 sec. Grids were blotted, air-dried under
dust-free conditions for 10 min, and loaded immediately
into the microscope. Digital micrographs were recorded
with minimal beam dose to prevent radiation damage.
Five randomly selected grid squares were imaged per
sample to ensure representative morphology.*

Preparation of the precapsulation powder of DST-LB
The lyophilized powder, weighing 687.52 mg and
containing an equivalent dose of 20 mg of DST, was
carefully formulated by adding excipients to enhance
encapsulation.  Specifically, 10% (68.75 mg) of
microcrystalline cellulose (Avicel® PH 102, IFF Pharma
Solutions, Delaware, USA) was included to enhance
flowability, 2% (13.75 mg) of croscarmellose sodium
(Ac-Di-Sol®, IFF Pharma Solutions, Delaware, USA) was
added as a superdisintegrant to promote rapid breakdown
upon administration, and 1% (6.88 mg) of magnesium
stearate (Ligamed®, Peter Greven GmbH & Co. KG, Bad
Miinstereifel, Germany) served as a lubricant to simplify
capsule filling. The final mixture, totaling 776.90 mg, was
deemed suitable for encapsulation in hard gelatin capsules
(000 capsules) for oral delivery.

DST dose calculation for animal study

For current research purposes, the human oral dose of
DST at 1.67 mg/kg/day (typical for chronic phase CML)
can be converted to a rabbit equivalent using the FDA’s
body surface area (BSA) method. With Ky, values of 37
for humans and 12 for rabbits, the calculation yields an
animal equivalent dose of approximately 5.1 mg/kg/day
for rabbits.”

Animal housing and care

The study was approved by the Research Ethics Committee
of the University of Baghdad, College of Pharmacy,
with approval number “RECAUBCP22202505A,” dated
September 22, 2024. The study follows the principles
of the World Organisation for Animal Health (WOAH)
on animal ethics. The methods used on the animals
fully comply with regional and international regulations
governing the ethical treatment and use of laboratory
animals. The authors complied with the ARRIVE 2.0
guidelines.*

The rabbits were sourced from the animal facility
at the College of Veterinary Medicine, University of
Baghdad, and they were given a minimum of 7 days to
acclimate before beginning the experiments.* During the
acclimation phase, the rabbits were housed in hygienic
plastic cages in a controlled laboratory environment
maintained at 21-24°C and with humidity ranging from
50% to 60%. They experienced a 12-hour light/dark cycle
and had unlimited access to a standard diet, along with
fresh water throughout the duration of the study.* All
animals received environmental enrichment and humane
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care in line with the institution’s established guidelines.
Analytical HPLC

A validated reverse-phase HPLC method was employed
for the quantitative determination of DST in rabbit
plasma, using montelukast as the internal standard.
Sample preparation involved protein precipitation with
acetonitrile, followed by centrifugation and injection
of the supernatant. Chromatographic separation was
achieved on a C18 column (150 x4.6 mm, 5 um particle
size) under isocratic conditions with a mobile phase of
acetonitrile and 0.1% formic acid in water (60:40, v/v).
The flow rate was maintained at 1.0 mL/min, with an
injection volume of 50 pL. Detection was performed
using a UV detector at 320 nm, ensuring clear resolution
of analyte and internal standard peaks. Calibration curves
(5-500 ng/mL) were constructed by plotting the ratio
of DST to internal standard peak areas against known
concentrations. The method was validated for specificity,
linearity (R*>0.999), accuracy, precision, recovery, and
sensitivity in accordance with US-FDA/ICH bioanalytical
guidelines.*'*

Pharmacokinetic evaluation (in vivo study)

Avalidated method was used to conducta pharmacokinetic
study of DST in two groups of male New Zealand White
rabbits, each group comprising 10 animals weighing 1.5-
2.0 kg. Before dosing, the rabbits fasted overnight. DST
was administered orally at a dose of 5.1 mg/kg. One group
received the standard DST tablet (Sprycel, Bristol-Myers
Squibb, USA), and the other group received the DST-LB
formulation. Blood samples (0.5 mL) were collected from
the marginal ear vein at baseline (pre-administration) and
at multiple time points post-dose: 0.25, 0.5, 0.75, 1, 1.5, 2,
2.5, 3,4, 6,8, 10, 12, and 24 hours. Following collection,
blood samples were centrifuged for 10 minutes at 4000
rpm to isolate plasma, which was subsequently stored at
-40°C.

Using the PKSolver 2.0 application, non-compartmental
models were employed to determine pharmacokinetic
parameters.* The obtained AUC is a unique parameter for
estimating bioavailability. The pharmacokinetic profile of
DST is characterized by several key parameters, including
the maximum serum concentration (C__ ), which denotes
the peak plasma level achieved after administration,
the time to reach this peak (T __ ), and the time to reach
50% plasma concentration (t ). Additionally, the area
under the plasma concentration-time curve (AUC)
provides a quantitative measure of overall drug exposure.
Specifically, AUC  and AUC___werecalculated using the
trapezoidal rule. These parameters collectively facilitate a
comprehensive understanding of the drug’s absorption
kinetics.*

Statistical analysis

Statistical analyses were performed using GraphPad Prism
10.5. Experimental data are presented as mean + standard
deviation. To assess differences between groups in particle
size, PDI, drug content, and EE, a one-way ANOVA with

post hoc Holm-Sidak’s multiple comparisons test was
employed, as the data followed a normal distribution. The
level of significance was <0.05.

Results

Optimization of DST-LB formulation

In the current study, optimization was carried out using
the Box-Behnken design (BBD), with a total of 46 formulas
evaluated across five factors (3A5) at three levels (see
Table S1). Table S2 illustrates the results of each formula
in terms of response parameters (PS, EE, and PDI), in
which PS ranged from 89.8+1.5 to 314.3+1.9 nm, PDI
ranged from 0.05+0.001 to 0.52+0.01%, and EE ranged
from 0.73£0.004 to 0.95+0.02%. Refer to Supplementary
File S1.

The optimized formula was selected via numerical
optimization in Minitab 17.1.0, based on the desirability
factor’s proximity to 1. The predicted cholesterol (x1 =112
mg), Tween 60 (x2=150 mg), Span 60 (x3 =97 mg), SDC
(x4=14 mg), and Soluplus (x5=100 mg) were acquired,
and this was selected as the optimized formula with a
desirability of 0.9946, as seen in Figure S1.

Characterization of DST-LB formulation

Particle size and PDI

The Z-average, or the average particle size, was measured
to be 113.2+0.6 nm, as illustrated in Figures 1A and
1B. The PDI measures the uniformity of particle sizes
within the formulation. The actual PDI is 0.11+0.02, as
illustrated in Figure 1C.

Zeta potential

The zeta potential measures the surface charge of the
particles, which affects their stability. The actual zeta
potential is -22.36+1.21mV. A negative zeta potential
indicates that particles are likely to repel each other,
thereby contributing to the formulation’s stability, as
illustrated in Figures 1D and 1E.

Entrapment efficiency

Entrapment efficiency refers to the percentage of DST
successfully encapsulated within the bilosomes. The
entrapment efficiency is 81.0 £2.1%.

TEM studies

The optimized formula exhibits uniform, spherical vesicle
morphology, confirming successful bilayer self-assembly.
Additionally, the images show unilamellar vesicles from
multilamellar structures, as seen in Figures 1F and 1G.

In vitro dissolution test

The dissolution study revealed distinct differences between
the DST-LB capsule formulation and the marketed DST
tablet. The marketed tablet exhibited a rapid onset of drug
release, with approximately one-third of the drug released
within the first five minutes and more than 80% released
by 30 minutes. By 40 minutes, dissolution exceeded
90%, thereby fulfilling the USP acceptance criterion for
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Figure 1. Characterization of the selected DST-LB formula. (A & B) Particle size, (C) polydispersity index, (D & E) Zeta potential, (F &G) TEM of the optimized
bilosomal formulation containing DST at two magnifications at 100 nm bar scale, and 200 nm bar scale

immediate-release dosage forms, which requires not less
than 80% of the labeled amount to be dissolved within 30
minutes. In contrast, the DST-LB capsule demonstrated
a slower release profile. No drug release was detected at
five minutes, and only about half of the drug was released
by 20 minutes. At 30 minutes, the capsule achieved
approximately 71% release, falling short of the USP
threshold. The complete release was approached only
after 50-60 minutes, indicating a delayed but ultimately
near-complete dissolution. These findings suggest that
while the marketed tablet is optimized for rapid systemic
availability, the bilosome DST-LB capsule provides a
more gradual release profile, which may be advantageous
in contexts where sustained plasma concentrations are
desirable (Figure 2).

Kinetic modeling further the

clarified release

mechanisms of the two formulations. For the DST-LB
capsule, the dissolution data were best described by a
first-order model (R*=0.94), indicating that the release
rate was concentration-dependent. Secondary fits to
the Korsmeyer-Peppas model indicated a non-Fickian
transport mechanism combining diffusion and erosion.
The calculated diffusional exponent (n) for the DST-
LB capsule was 0.725, a value greater than 0.5, which is
indicative of non-Fickian transport. This finding supports
the interpretation that a combination of diffusion governs
drug release from the DST-LB capsule, driven by the
bilayered structure and the carrier matrix’s erosion.
In contrast, the marketed tablet exhibited an almost
perfect first-order fit (R*=0.9986), indicating a highly
predictable, rapid dissolution process dominated by
concentration-driven release. The diffusional exponent
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(n) for the marketed tablet was 0.450, a value close to the
theoretical Fickian diffusion threshold, suggesting that
drug release is primarily governed by simple diffusion
processes consistent with immediate-release dosage
forms. The strong correlation with first-order kinetics
underscores the tablet’s immediate-release nature, in line
with compendial expectations, as shown in Table 1.
Taken together, these results highlight the divergent
release behaviors of the two formulations. The marketed
tablet conforms to USP monograph specifications for
immediate-release DST, ensuring rapid bioavailability
and therapeutic onset. The DST-LB capsule, although
not meeting the immediate-release criteria, demonstrates
a controlled release profile characterized by non-Fickian
transport and a higher diffusional exponent. This
mechanistic distinction suggests that the capsule could
be strategically valuable in clinical settings requiring
prolonged exposure or reduced dosing frequency. From
a regulatory perspective, the capsule would be more

-~ DST-LB bilosome formulation
-= marketed Sprycel® tablet

Percentage of drug release

Time (min)

Figure 2. The in vitro dissolution test results of the DST-LB capsule
compared to the marketed tablet (* indicates significant differences, i.e.,
P-value <0.05 between capsule and tablet)

A

—-— AL25°C Y = -0.001143*X + 2.000 R? =0.9903
-=— At40°C Y = -0.01441X + 2.005 R? =0.9952
—— At50°C Y = -0.04071°X + 1.989 R?=0.9911

Ln{% drug remalning)

appropriately classified as a modified-release dosage form,
necessitating evaluation under distinct USP criteria and
further in vitro-in vivo correlation studies to establish its
therapeutic relevance.

Stability studies

Figure 3 displays the logarithm of the percent remaining
of dasatinib as a function of time (in weeks) at each
temperature. The obtained profiles were linear (a line
did not deviate from linearity), indicating that DST
degradation follows first-order kinetics. The expiration
date at 25°C was 2.09 years.

Pharmacokinetics study

Table 2 compares the pharmacokinetic parameters of two
DST formulations: the standard tablet and the DST-LB.
The bilosome formulation demonstrates a shorter half-
life (3.69 hours vs. 4.38 hours) and faster absorption,
reaching maximum concentration in 1 hour compared to
1.5 hours for the standard tablet. Additionally, the DST-
LB achieves a higher maximum concentration (477.78 ng/
mL) and greater overall exposure, as indicated by higher
AUC values for both the 0 - 24 hour period (2851.79
ng-h/mL vs. 2061.72 ng-h/mL) and to infinity (2886.49
ng-h/mL vs. 2107.67 ng-h/mL). Its relative bioavailability
is also increased, with AUC values of 138.30% and
136.95%. Overall, the DST-LB exhibits faster absorption,
higher peak concentration, and improved bioavailability
compared to the standard tablet, as shown in Figure 4.

Discussion

The findings of this study demonstrate that bilosome-
based delivery of DST offers a promising strategy to
overcome the solubility and bioavailability limitations

B

I

0.0031 0.0032 0.0033

1UT

Figure 3. Degradation profile of DST in the optimized formula in the capsule at different accelerated temperatures. A) Represent the actual degradation profile
at 25, 40, 50 °C. B) Arrhenius plot based on the full 40 °C and 50 °C stability study

Table 1. Kinetic Modeling Parameters of In Vitro Dissolution Profiles for DST-LB Capsules and the Marketed Dasatinib Tablet

Zero-order First-order Higuchi Korsmeyer-Peppas N
DST LB bilosome formulation 0.8611 0.9419 0.8613 0.9172 0.725
Marketed Sprycel® tablet 0.1357 0.9986 0.9307 0.9248 0.450
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Table 2. Pharmacokinetics parameters of DST formulations

Parameters Standard tablet DST-LB
T, (hr) 4.38 3.69
T (hD) 1.5 1
C,..(ng/mb) 374.46 477.78
AUC ... (ng-h/mL) 2061.72 2851.79
AUC (ng-h/mL) 2107.67 2886.49
F etive (%) 7 138.30

F ataive (70) § 136.95

# calculation based on AUC ,, -
¢ calculation based on AUC

associated with this BCS class II drug. The optimized
bilosome formulation exhibited nanoscale particle size,
narrow polydispersity, and a negative zeta potential,
all of which are consistent with stable colloidal systems
reported in previous nanocarrier studies.'”***$ The
low PDI confirms the homogeneity of the vesicle
population, ensuring reproducibility and consistent
drug-release kinetics. In addition, the negative zeta
potential imparted by bile salts provides electrostatic
repulsion between vesicles, preventing aggregation and
conferring colloidal stability during gastrointestinal
transit. The high entrapment efficiency observed here
aligns with earlier reports on bile salt-stabilized vesicles,
where incorporation of bile salts enhanced drug loading
and stability compared to conventional liposomes or
niosomes."® Collectively, these parameters highlight the
robustness of the formulation process and explain the
improved dissolution and bioavailability observed in
subsequent studies, while underscoring the superiority
of bilosomes over conventional liposomes and niosomes,
which often suffer from instability and heterogeneous
particle populations.

Transmission electron microscopy confirmed the
spherical morphology and bilayer structure, further
supporting the successful assembly of bilosomes as
described in prior work on vesicular carriers.'® The
micromeritic properties of the lyophilized bilosome
powder revealed significant improvements in flowability
and compressibility compared to pure DST. These
enhancements are particularly relevant for downstream
processing, as poor flowability is a common challenge in
the encapsulation of poorly soluble drugs.**

The dissolution study highlighted the distinct release
behaviors of the bilosome capsule and the marketed
DST tablet. While the marketed tablet achieved rapid
dissolution consistent with USP specifications, the
bilosome capsule exhibited a slower but sustained release
profile, reaching near-complete release only after 50-60
minutes. This pattern aligns with previous studies on
bilosome and niosome formulations, which have shown
that the presence of bile salts and polymeric stabilizers
modulates drug release kinetics.'**

Kinetic modeling confirmed that the marketed tablet
followed first-order release with a diffusional exponent
(n) of 0.45, indicative of Fickian diffusion. In contrast, the

600+

— marketed Sprycel® tablet
—— DST LB bilosome formulation

Concentration (ng/mL)
- N w » (]
2 & & & &
o o o o o

L L 1 1 1

T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24

Time (Hours)

Figure 4. Assessment of the plasma levels of DST in rabbits for the standard
tablet and DST-LB

bilosome capsule showed non-Fickian transport with an
n value of 0.725. These findings are consistent with the
mechanistic interpretations of the Korsmeyer-Peppas
model, where values between 0.45 and 0.89 suggest
a combination of diffusion and erosion processes.”
Such controlled release behavior may be advantageous
in reducing peak plasma fluctuations and prolonging
therapeutic exposure, as has been demonstrated in other
nanocarrier-based delivery systems.”!

The pharmacokinetic evaluation in rabbits further
substantiated the in vitro findings, showing that the
bilosome formulation achieved a higher Cmax, a shorter
Tmax, and a significantly greater AUC than the marketed
tablet. These results indicate enhanced absorption and
bioavailability, consistent with earlier reports that show
nanocarrier systems improving the oral delivery of poorly
soluble anticancer agents.*>** The relative bioavailability of
more than 130% observed here is particularly noteworthy,
as it surpasses improvements reported with amorphous
solid dispersions and self-nanoemulsifying systems of
DST."*!>* The enhanced pharmacokinetic profile may be
attributed to the ability of bile salts to facilitate membrane
permeation and protect the drug from degradation in the
gastrointestinal tract, as previously described in bilosome
research.”

Stability studies confirmed that the optimized bilosome
formulation-maintained drug integrity under accelerated
conditions, with degradation following first-order
kinetics and an estimated shelf life of over two years at
room temperature. This stability is consistent with the
reported robustness of bilosomes, which are known to
resist aggregation and degradation due to the electrostatic
repulsion conferred by bile salts.”” The ability to maintain
stability without complex storage requirements enhances
the translational potential of this formulation, particularly
in regions with limited cold-chain infrastructure.

Overall, the results of this study align with and extend
the growing body of literature supporting bilosomes as
versatile nanocarriers for oral drug delivery. By improving
solubility, modulating release kinetics, and enhancing
bioavailability, bilosomes address key limitations of
DST therapy. These findings suggest that bilosome-
based formulations could provide a clinically meaningful
alternative to conventional tablets, particularly for
patients with variable gastric pH or those requiring more
consistent systemic exposure. Future work should focus on
establishing in vitro—in vivo correlations and conducting
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clinical evaluations to confirm the translational relevance
of these promising preclinical results.

Conclusion

This study demonstrated the successful development and
optimization of a DST-LB delivery system developed to
overcome the poor aqueous solubility, pH-dependent
absorption, and variable oral bioavailability of DST. The
optimized formulation comprised uniform, spherical
bilosomes with a well-defined bilayer structure in
which bile salts and Soluplus® improved vesicle stability,
drug encapsulation, and resistance to gastrointestinal
degradation.The lyophilized bilosome powder exhibited
valuable micromeritic properties, enabling successful
capsule formulation.

In vitro dissolution studies showed a controlled
and sustained release profile for the bilosome capsule
compared with the rapid dissolution of the marketed
immediate-release tablet, corresponding with non-
Fickian transport kinetics. In vivo pharmacokinetic
evaluation in rabbits revealed improved oral absorption
and increased systemic exposure for the bilosome
formulation, indicating enhanced relative bioavailability
and minimizing pH-dependent solubility limitations.
Stability studies supported the formulation’s practical
potential.

Although the findings are encouraging, further studies
are required to confirm clinical translation, including
human pharmacokinetic evaluation, long-term safety
assessment, and in vitro-in vivo correlation. Overall, the
results show that bilosome-based delivery is a promising
oral formulation for improving DST treatment.
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