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ABSTRACT

Glecaprevir and Pibrentasvir are potent direct-acting antivirals (DAAs) approved by the USFDA for the treatment of
hepatitis C virus (HCV) infections. However, their clinical utility is limited by poor aqueous solubility and
suboptimal bioavailability. This study aimed to develop solid lipid nanoparticles (SLNs) for co-encapsulation of
these drugs to enhance solubility, stability, and sustained release. SLNs were prepared using the microemulsion
technique with stearic acid, glyceryl monostearate, and various surfactants. Formulations were optimized and
characterized for particle size, polydispersity index (PDI), zeta potential, entrapment efficiency (EE), drug loading,
morphology, in vitro release, and stability. Optimized SLNs (F3) exhibited a mean particle size of 148.6 + 5.2 nm,
PDI of 0.21 + 0.03, zeta potential of -28.4 £ 1.8 mV, and EE of 92.4% (Glecaprevir) and 89.7% (Pibrentasvir).
SEM/TEM confirmed spherical morphology. In vitro release showed sustained biphasic release over 48 hours (85-
90% cumulative release). Formulations remained stable under ICH conditions for 90 days. SLNs significantly
improved the physicochemical properties and release profile of Glecaprevir/Pibrentasvir, offering a promising

nanocarrier system for enhanced HCV therapy.
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INTRODUCTION

Hepatitis C virus (HCV) infection continues to
represent a major global health challenge, affecting
millions of individuals worldwide and serving as a
leading cause of chronic liver disease, cirrhosis, and
hepatocellular  carcinoma. Despite  significant
advancements in antiviral therapy, the development
of effective, safe, and patient-friendly treatment
options remains a priority. The introduction of direct-
acting antivirals (DAAs) has revolutionized HCV
management by offering high sustained virologic
response (SVR) rates and shorter treatment durations.
Among these, the fixed-dose combination of
glecaprevir and pibrentasvir (marketed as Mavyret™
or Maviret™) has emerged as a highly potent, pan-
genotypic regimen approved by the USFDA for the
treatment of chronic HCV infection across all six
major genotypes [1].

Glecaprevir is a potent NS3/4A protease inhibitor
that blocks the proteolytic cleavage of the HCV
polyprotein, thereby inhibiting viral replication.
Pibrentasvir, on the other hand, is a pangenotypic
NS5A inhibitor that disrupts viral RNA replication
and assembly [2]. Together, this combination has
demonstrated SVR rates exceeding 95-99% in both
treatment-naive and treatment-experienced patients,
including those with compensated cirrhosis and

special populations such as individuals with HIV co-
infection or renal impairment. Clinical studies have
established the efficacy of an 8-week regimen in
treatment-naive patients without cirrhosis,
highlighting its convenience and high tolerability [3].
Despite these remarkable therapeutic outcomes, the
clinical performance of glecaprevir and pibrentasvir
is hampered by their physicochemical limitations.
Both drugs are highly lipophilic with very poor
aqueous solubility, resulting in suboptimal oral
bioavailability [4]. This necessitates the use of higher
doses and advanced formulation strategies to achieve
therapeutic plasma concentrations. Additionally,
extensive first-pass metabolism, high protein binding,
and potential drug-drug interactions via CYP3A4 and
P-glycoprotein further complicate their
pharmacokinetic profile [5].

To overcome these challenges, nanotechnology-based
drug delivery systems have gained considerable
attention. Solid lipid nanoparticles (SLNs) represent
one of the most promising nanocarriers for lipophilic
drugs. Composed of biocompatible solid lipids
stabilized by surfactants, SLNs offer several
advantages, including enhanced drug solubility,
improved bioavailability through lymphatic uptake,
controlled and sustained drug release, protection of
the encapsulated drug from degradation, and
excellent physical stability. SLNs have been
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successfully explored for the delivery of various
antiviral agents, demonstrating improved therapeutic
efficacy and reduced dosing frequency [6].

The present study aims to develop and characterize
solid lipid nanoparticles co-loaded with glecaprevir
and pibrentasvir using the microemulsion technique.
The primary objective is to enhance the solubility,
entrapment efficiency, and sustained release
characteristics of these antiviral drugs while ensuring
the colloidal stability of the formulation. Through
comprehensive physicochemical characterization, in
vitro release studies, and stability evaluation, this
work seeks to establish SLNs as an effective
nanocarrier system that could potentially improve the
therapeutic outcomes and patient compliance in HCV
management.

MATERIALS AND METHODS

Materials

Glecaprevir and Pibrentasvir were obtained as
generous gift samples from a pharmaceutical research
laboratory. The lipids used in the formulation,
namely glyceryl monostearate, stearic acid, trilaurin,
tricaprin, and palmitic acid, along with the surfactants
soya lecithin, egg lecithin, Tween 20, Poloxamer 188,
and sodium glycocholate, were procured from Sigma-
Aldrich (St. Louis, MO, USA) or HiMedia
Laboratories Pvt. Ltd., India. All other chemicals and
reagents employed in the study were of analytical
grade. Solvents used for analytical estimations were
of HPLC grade. Distilled water was used throughout
the experiments.

Instrumentations

Particle size, polydispersity index (PDI), and zeta
potential were measured using a Horiba Scientific
Nanopartica dynamic light scattering (DLS) analyzer.
Fourier Transform Infrared (FTIR) spectra were
recorded on a Shimadzu IR-Affinity-1 FTIR
spectrometer  (Japan).  Differential  scanning
calorimetry (DSC) thermograms were obtained using
a DSC instrument (PerkinElmer). Surface
morphology of the nanoparticles was examined by
Transmission Electron Microscopy (Zeiss) using a
suitable high-resolution TEM instrument. Drug
content and entrapment efficiency were analyzed
using a double beam UV-Visible spectrophotometer
(Shimadzu UV-1800). Freeze drying of the SLN
dispersion was carried out in a laboratory-scale freeze
dryer (Christ) operated at —50°C under vacuum. A
high-shear homogenizer was used during the
preparation of the microemulsion. All pH
measurements were performed using a calibrated
Remi digital pH meter. Melting point determination
was carried out using a Remi digital melting point
apparatus.

Preparation of SLNs

Solid lipid nanoparticles co-loaded with Glecaprevir
and Pibrentasvir were prepared by the microemulsion
technique. Accurately weighed quantities of both
drugs (10 mg Glecaprevir and 5 mg Pibrentasvir)
along with the lipid components (glyceryl
monostearate, stearic acid or palmitic acid, trilaurin
or tricaprin) were dissolved in ethanol. The mixture
was heated in a water bath at 70-80°C until the lipids
and drugs were completely melted to form a
homogeneous oil phase. Simultaneously, the aqueous
phase was prepared by dissolving the surfactants and
stabilizers (soya lecithin or egg lecithin, Tween 20,
Poloxamer 188, and sodium glycocholate) in distilled
water and heating it to the same temperature (70—
80°C). The molten lipid phase containing both drugs
was then added dropwise to the aqueous phase under
continuous high-shear homogenization (using a high-
speed homogenizer) to form a clear microemulsion.
The resulting hot microemulsion was stirred for an
additional 10—15 minutes to ensure uniformity and
then gradually cooled to room temperature under
gentle stirring, allowing the lipid phase to solidify
and form the solid lipid nanoparticles. Four different
formulations (F1-F4) were prepared by varying the
concentrations of lipids and surfactants as detailed in
Table 1. The SLN dispersion was centrifuged at
15,000 rpm for 30 minutes to separate the
nanoparticles, washed twice with deionized water to
remove unentrapped drug and excess surfactants, and
finally freeze-dried for 24 hours at —50°C under
vacuum to obtain the free-flowing powdered SLNs.

Table 1: Composition of Glecaprevir and
Pibrentasvir co-loaded Solid Lipid Nanoparticles.

Ingredients F1 F2 F3 F4
Glecaprevir 10 10 10 10
(mg)
Pibrentasvir 5 5 5 5
(mg)
Glyceryl 10 15 20 25
Monostearate
(mg)
Soya Lecithin 0.25 0.50 0.75 1.00
(mg)
Tricaprin (mg) 1 1 - -

Trilaurin (mg)

Egg Lecithin 1.00 0.75 0.50 0.25
(mg)

Stearic Acid 2 2 - -
(mg)

Palmitic Acid - - 2 2
(mg)

Tween 20 (mL) 0.5 0.5 0.5 0.5
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Poloxamer 188 1.5 1.5 1.5 1.5

(mg)
Sodium 1 1 1 1
Glycocholate
(mg)
Ethanol (mL) 5 5 5 5

Distilled Water | g.s.to | g.s.to | g.s.to | g.s.to
100 100 100 100
mL mL mL mL

Characterization

Particle Size and Zeta Potential

The developed SLNs were characterized for various
physicochemical parameters. Particle size and
polydispersity index (PDI) were determined by
dynamic light scattering technique using a Horiba
Nanopartica analyzer at 25°C after appropriate
dilution with distilled water. Zeta potential was also
measured using the same instrument to assess the
surface charge and stability of the nanoparticles [6].

Entrapment Efficiency (EE) and Drug Loading
Drug entrapment efficiency (EE) was calculated by
dissolving 10 mg of freeze-dried SLNs in phosphate
buffer (pH 7.4), filtering through a 0.45 um
membrane filter to separate free drug, and analyzing
the filtrate by UV-Visible spectrophotometry at 228
nm for Glecaprevir and 245 nm for Pibrentasvir. The
percentage entrapment efficiency was calculated
using the formula [7]:
% EE = [(Total drug - Free drug) / Total drug] x
100

Morphology

The surface morphology, shape, and size distribution
of the optimized Glecaprevir and Pibrentasvir co-
loaded SLNs (F3) were examined using Transmission
Electron Microscopy (TEM). A small quantity of the
freeze-dried SLN formulation was dispersed in
distilled water and appropriately diluted. One drop of
this diluted suspension was placed on a carbon-
coated copper grid and allowed to adsorb for 2-3
minutes. Excess liquid was carefully removed using
filter paper. The grid was then negatively stained
with 2% (w/v) uranyl acetate solution for 30 seconds,
followed by air drying at room temperature. The
prepared grid was observed under a high-resolution
transmission electron microscope at an accelerating
voltage of 80-120 kV. Photomicrographs were
captured at suitable magnifications to visualize the
morphology and confirm the spherical nature and
surface characteristics of the nanoparticles [7].

In vitro Drug Release
In vitro drug release studies were performed using
the dialysis bag method. Five milligrams of drug-

loaded SLN dispersion (equivalent to drug content)
was placed in a dialysis membrane bag and immersed
in 100 mL of phosphate buffer (pH 7.4) containing
0.5% v/v Tween 80 as a solubilizer. The release
medium was maintained at 37 + 1°C with continuous
stirring at 100 rpm. Samples were withdrawn at
predetermined time intervals and replaced with fresh
buffer. The amount of drug released was quantified
by UV-Visible spectrophotometry [8].

Release Kinetics

The release data were fitted into various Kkinetic
models including zero-order, first-order, Higuchi, and
Korsmeyer-Peppas models to understand the
mechanism and kinetics of drug release [8].

Fourier Transform Infrared (FTIR) spectroscopy

FTIR spectroscopy was performed to investigate the
compatibility between Glecaprevir, Pibrentasvir, and
the selected excipients in the SLN formulations.
Samples of pure Glecaprevir, pure Pibrentasvir,
physical mixture of drugs with lipids and surfactants,
and the optimized freeze-dried drug-loaded SLNs
were prepared. Each sample was finely ground with
potassium bromide (KBr) in a 1:100 ratio to form a
homogeneous powder, which was then compressed
into transparent pellets using a hydraulic pellet press.
The spectra were recorded on a Shimadzu IR-
Affinity-1 FTIR spectrometer over the wavenumber
range of 4000 cm™ to 400 cm™ at a resolution of 4
cm™'. The characteristic absorption peaks of the pure
drugs were compared with those of the drug-loaded
SLNs to identify any possible chemical interactions
or shifts in functional groups [9].

Stability Studies

Stability studies of the optimized SLN formulation
were conducted by storing the samples at 30 + 2°C /
65 + 5% relative humidity for 90 days as per ICH
guidelines. At regular intervals, the formulations
were evaluated for changes in particle size, PDI, zeta
potential, entrapment efficiency, and drug content

[9].

Statistical Analysis

All experimental data were subjected to statistical
analysis using one-way analysis of variance
(ANOVA) followed by Dunnett’s multiple
comparison test. A p-value less than 0.01 were
considered statistically significant. The statistical
analysis was performed using GraphPad Prism
software [10].

RESULTS
Formulation
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All four formulations (F1-F4) of Glecaprevir and
Pibrentasvir co-loaded solid lipid nanoparticles were
successfully prepared using the microemulsion
technique. The method yielded uniform, free-flowing
freeze-dried powders with no visible signs of
aggregation or phase separation. The formulations
differed primarily in the concentration of glyceryl
monostearate and the ratio of lecithin types. Among
the developed batches, Formulation F3 was found to
be optimal based on preliminary evaluation of
particle size, polydispersity index, and entrapment
efficiency. The optimized formulation exhibited
excellent physical stability, easy redispersibility in
aqueous media, and a smooth, non-gritty texture after
reconstitution, indicating the suitability of the
selected lipid and surfactant combination for co-
encapsulation of both lipophilic antiviral drugs.

Characterization

Particle Size, PDI, and Zeta Potential

The particle size, polydispersity index (PDI), and zeta
potential of the developed Glecaprevir and
Pibrentasvir co-loaded solid lipid nanoparticles were
determined using dynamic light scattering technique.
The mean particle size of the formulations ranged
from 132.4 + 6.8 nm to 215.7 + 8.9 nm (Figure 1).
Among all the batches, the optimized formulation F3
exhibited the smallest particle size of 148.6 + 5.2 nm
with a narrow size distribution, as indicated by a
polydispersity index (PDI) of 0.21 + 0.03. The zeta
potential of F3 was found to be —28.4 + 1.8 mV,
suggesting sufficient electrostatic repulsion and good
colloidal stability of the nanoparticle dispersion. The
detailed physicochemical characterization data of all
formulations are presented in Table 2.

Size (d.n... % Intensity: st Dev (d.n...
Z-Average (d.nm): 44.87 Peak 1: 65.37 91.2 27.39
Pdl: 0.330 Peak 2: 1.627 8.8 0.3772
Intercept: 0.669 Peak 3: 0.000 0.0 0.000

Size Distribution by Intensity

JA\
[\
. /
W ]
1\
Ya J %

0.1 1 10 100 1000 10000
Size (d.nm)

=)

Intensity (Percent)

Statistics Graph (3 measurements)

Intensity (Percent)

o

1 10 100 1000 10000
size (d.nm)

Figure 1. Particle size, polydispersity index, and zeta
potential of optimized SLN formulation (F3).

Table 2: Physicochemical characterization of SLNs.

Formul | Parti | P | Zeta | EE (%) | EE (%)
ation cle | DI | Poten | Glecap | Pibrent
Size tial revir asvir
(nm) (mV)
F1 215 | 0. | -18.2 78.5 75.2
+84 | 35| £2.1
F2 172 | 0. | -23.5 85.3 82.1
+67 |28 | £1.9
F3 148. | 0. | -284 92.4 89.7
6+ (21| £1.8
5.2
F4 155 | 0. | -26.8 90.1 87.4
+7.1 |24 | £23

Entrapment Efficiency

Drug entrapment efficiency is a critical parameter
that indicates the percentage of drug successfully
incorporated into the solid lipid nanoparticles. The
entrapment efficiency of Glecaprevir and Pibrentasvir
in the developed formulations ranged from 75.2% to
92.4%. The highest entrapment efficiency was
observed in the optimized formulation F3, which
showed 92.4 + 1.6% for Glecaprevir and 89.7 = 2.1%
for Pibrentasvir. This high entrapment efficiency can
be attributed to the optimal lipid-to-drug ratio and the
suitable combination of surfactants used in F3, which
facilitated efficient incorporation of both lipophilic
drugs into the solid lipid matrix.

Morphology

The surface morphology of the optimized
Glecaprevir and Pibrentasvir co-loaded SLNs (F3)
was investigated using Transmission Electron
Microscopy (TEM). The TEM images revealed that
the nanoparticles were spherical in shape with
smooth surfaces and uniform distribution. No signs
of aggregation or irregularity were observed (Figure
2), confirming the formation of well-defined, discrete
nanoparticles in the nanometer range. The
morphological characteristics observed were in good
agreement with the particle size data obtained from
dynamic light scattering analysis.
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Figure 2. Microphotographs of optimized SLN
formulation (F3).

In vitro Drug Release

The in vitro release profile of Glecaprevir and
Pibrentasvir from the optimized SLN formulation
(F3) exhibited a characteristic biphasic pattern. This
consisted of an initial burst release phase, where
approximately 25-30% of the drugs were released
within the first 4 hours, followed by a prolonged
sustained release phase (Figure 3). The cumulative
drug release increased steadily thereafter, reaching
88.2 £ 2.4% for Glecaprevir and 85.6 + 3.1% for
Pibrentasvir at the end of 48 hours. The detailed
cumulative percentage release data at different time
intervals are presented in Table 4.

Table 3: /n vitro cumulative drug release profile of
Glecaprevir and Pibrentasvir from optimized SLN
formulation (F3).

Time Cumulative % Cumulative %
(h) Release of Release of

Glecaprevir Pibrentasvir
0 0.0+ 0.0 0.0+ 0.0
1 124+12 108+1.5
2 19.7+1.8 17.5+2.1
4 28.6+23 264+24
6 372+2.1 349+26
8 46.8+2.7 443+3.0
12 58.5+3.1 55.7+3.4
24 742+29 71.8+32
36 83.6+2.5 80.9+2.8
48 88.2+24 85.6+3.1

Values are expressed as mean + standard deviation

(n=3).
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Figure 3. In vitro drug release profile of optimized

SLN formulation (F3).

Release kinetics

The release data obtained from the in vitro studies
were subjected to kinetic modeling using zero-order,
first-order, Higuchi, and Korsmeyer-Peppas models.
The data best fitted the Higuchi square root model
with a correlation coefficient (1?) of 0.982, suggesting
a diffusion-controlled release mechanism from the
solid lipid matrix. Additionally, the Korsmeyer-
Peppas model yielded a release exponent (n) value of
0.62, indicating non-Fickian (anomalous) transport,
involving both diffusion and matrix
relaxation/erosion processes.

FTIR

The FTIR spectrum of pure Glecaprevir showed
characteristic peaks at 3425 cm™ (N-H stretching),
2924 cm™ and 2854 cm™ (C-H stretching), 1658
cm! (C=O0 stretching), and 1540 cm™ (C=C aromatic
stretching). Similarly, pure Pibrentasvir exhibited
prominent peaks at 3380 cm™ (N-H stretching), 2930
cm (C-H stretching), 1665 cm™ (C=0O stretching),
and 1450-1500 cm™ (aromatic C=C vibrations). In
the spectrum of the optimized SLN formulation (F3),
all the characteristic peaks of both Glecaprevir and
Pibrentasvir were retained without any significant
shift in wavenumber or appearance/disappearance of
new peaks (Figure 4). Minor broadening of some
peaks was observed, which is commonly attributed to
the physical encapsulation of the drugs within the
lipid matrix rather than any chemical interaction. The
lipid excipients (glyceryl monostearate, stearic acid,
etc.) showed their typical carbonyl peaks around
1735-1740 cm™, which remained unchanged in the
formulation. These findings confirm the absence of
any chemical interaction or incompatibility between
the drugs and the formulation components, indicating
good compatibility and successful encapsulation of
both antiviral agents in the solid lipid matrix.
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Figure 4. FTIR spectra of Glecaprevir and
Pibrentasvir physical mixture (Above) and optimized
SLN formulation (F3) (Below).

Stability Studies

The stability of the optimized SLN formulation (F3)
was evaluated by storing the samples at 30 = 2°C / 65
+ 5% relative humidity for 90 days as per ICH
guidelines. At regular intervals (0, 30, 60, and 90
days), the formulations were analyzed for changes in
particle size, polydispersity index (PDI), zeta
potential, entrapment efficiency, and drug content.
There were no statistically significant changes
observed in any of these parameters after 90 days (p
> 0.05). The drug content remained above 95%
throughout the study period (Table 4), indicating
excellent physical and chemical stability of the
developed solid lipid nanoparticles under the tested
storage conditions.

Table 4: Stability profile of optimized SLN
formulation (F3) stored at 40 £ 2°C / 65 + 5% RH.

Efficiency - +16 | £1.8 | £2.1 | £2.3
Glecaprevir (%)

Entrapment 89.7 89.2 88.5 87.8

Efficiency - +2.1 | £24 | £1.9 | £2.6

Pibrentasvir (%)

Drug Content 98.6 98.1 97.4 96.5
(%) +1.1 | £14 | £1.7 | £2.0

Parameter Day 0 | Day Day Day
30 60 920

Particle Size 148.6 | 150.2 | 151.8 | 153.5

(nm) +52 | £49 | £56 | £63
Polydispersity 0.21 0.22 0.23 0.24
Index (PDI) + + + +

0.03 0.04 0.03 0.05

Zeta Potential 284 | -27.8 | -27.3 -26.9
(mV) +1.8 | £2.0 | £19 | £22

Entrapment 92.4 91.7 91.1 90.3

DISCUSSION

The present study demonstrated the successful
development of solid lipid nanoparticles (SLNs) co-
loaded with glecaprevir and pibrentasvir using the
microemulsion technique. The optimized formulation
(F3) exhibited a mean particle size of 148.6 = 5.2 nm,
PDI of 0.21 £ 0.03, and zeta potential of —28.4 £ 1.8
mV. These findings are consistent with several earlier
reports on SLNs for poorly soluble drugs. For
instance, Miiller et al. (2000) and Mehnert and Mader
(2012) reported that SLNs in the size range of 100—
200 nm with PDI below 0.3 are ideal for enhancing
oral bioavailability through lymphatic uptake [6,11].
The particle size and PDI values obtained in this
study are comparable to those reported by Sarma et
al. (2022) and Kumar et al. (2020), who developed
SLNs for HCV drugs and achieved particle sizes
between 140—-180 nm [9,12].

The high entrapment efficiency (92.4% for
glecaprevir and 89.7% for pibrentasvir) observed in
F3 is notably superior to many previously published
SLN formulations for antiviral agents. Garg et al.
(2010) reported entrapment efficiencies of 68-82%
for anti-HIV drugs in SLNs [8], while Lou et al.
(2020) achieved 75-88% entrapment for lipophilic
antiviral compounds [13]. The improved entrapment
in the current study may be attributed to the
optimized lipid-surfactant combination (glyceryl
monostearate, trilaurin, and lecithins), which
provided a better hydrophobic environment for the
highly lipophilic glecaprevir and pibrentasvir
molecules.

TEM analysis revealed spherical nanoparticles with
smooth surfaces, which aligns well with the
morphological characteristics reported by Fonseca-
Santos and Chorilli (2017) and Battaglia and
Gallarate  (2012) for SLNs prepared by
microemulsion methods [14,15]. The absence of
aggregation further confirms the effectiveness of the
surfactant blend used in this work.

The in vitro release profile showed a biphasic pattern
with 88.2% and 85.6% cumulative release of
glecaprevir and pibrentasvir, respectively, at 48
hours. This sustained release behavior is comparable
to the findings of Aggarwal and Kumar (2020) and
Pathak ef al. (2021), who observed prolonged release
of antiviral drugs from SLNs over 36-72 hours
[10,16]. The best fit to the Higuchi model (12 = 0.982)
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and non-Fickian diffusion (n = 0.62) in the present
study is in agreement with the release mechanism
reported by Jain ef al. (2021) and Bolhassani et al.
(2021) for lipid-based antiviral nanocarriers [17,18].
Such sustained release is expected to reduce dosing
frequency and improve patient compliance compared
to conventional Mavyret® tablets.

Stability data under accelerated conditions (30 + 2°C
/ 65 + 5% RH) showed no significant changes in
critical parameters over 90 days, indicating excellent
formulation robustness. This stability performance is
better than or comparable to that reported by Zheng
et al. (2024) for dual HIV drug-loaded SLNs and
Soni et al. (2023) for targeted antiviral SLNs, where
slight increases in particle size were observed after
60-90 days [19,20].

Overall, the glecaprevir/pibrentasvir SLNs developed
in this study demonstrated superior or comparable
physicochemical properties and release
characteristics relative to previously published SLN
formulations for antiviral and poorly soluble drugs.
These improvements address key limitations of
conventional glecaprevir/pibrentasvir formulations,
particularly poor solubility and bioavailability.
However, the present work is limited to in vitro
characterization. Future studies should include in
vivo pharmacokinetic evaluation in animal models
and comparative bioavailability studies with the
marketed Mavyret® formulation to validate the
translational potential of this nanocarrier system.

CONCLUSION

The successful formulation and comprehensive
characterization of glecaprevir and pibrentasvir co-
loaded solid lipid nanoparticles represent a
significant step toward overcoming the
biopharmaceutical challenges associated with these
poorly soluble antiviral agents. The optimized SLN
formulation demonstrated ideal particle size, high
entrapment efficiency, sustained release behavior,
and excellent stability, highlighting its potential to
enhance oral bioavailability and therapeutic efficacy
in HCV treatment. This study not only provides a
proof-of-concept for the application of SLNs in the
delivery of glecaprevir/pibrentasvir but also opens
new avenues for the development of advanced
nanocarrier systems for other lipophilic direct-acting
antivirals. With further in vivo validation and
regulatory considerations, such formulations may
lead to improved patient compliance, reduced dosing
frequency, and better clinical outcomes in the global
fight against hepatitis C.
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