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ABSTRACT

The anticancer drug sorafenib (SFB) was formulated as a polymeric nanoparticle using Box-Behnken design. The solvent
evaporation method was utilized to develop the sorafenib polymeric nanoparticles. Formulations were then evaluated in terms
of their morphological structure, entrapment efficiency (EE%), zeta potential, polydispersity index (PDI), and particle size.
Ex-vivo intestinal permeation studies for pure drugs, as well as optimized formulation, were performed in rats. Furthermore,
the anticancer activity was evaluated using the HepG2 cancer cell lines. Transmission electron microscopy (TEM) revealed
that the improved formulation had a particle size of 175 nm, PDI of 0.134, zeta-potential of -23.8 mV, and the sorafenib-loaded
PLGA NP were recognized as spherical particles. Over 90% of the drug was released in less than 24 hours, with an EE% of

85.1%. Sorafenib-loaded PLGA NP efficiently inhibited HepG2 cells.
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INTRODUCTION

The most prevalent kind of primary liver cancer and the
principal cause of cancer-related mortality globally is
hepatocellular carcinoma (HCC).! HCC, in the context of
cirrhosis and chronic liver disease (CLD), accounted for
830,000 cancer-related deaths and 906,000 new cases globally
in 2020, making it the sixth most frequently diagnosed cancer
and the third most prevalent cause of cancer-related death,
with a sharp increase in incidence.> The primary cause of
HCC worldwide, and especially in Asia, is chronic hepatitis
B (CHB) infection. The primary causes in Western nations
are non-alcoholic steatohepatitis (NASH), chronic hepatitis
C, and alcoholic cirrhosis. The incidence of HCC has risen
in the US within the last 10 years.®> Sorafenib is one of the
well-established molecularly targeted medications that show
significant promise in increasing cancer patients’ overall
survival and progression-free survival rates in clinical
settings.* Research on cumulative mechanistic elucidation

has demonstrated that sorafenib’s anticancer activity is due to
its capacity to inhibit cell growth, trigger cell death, and stop
angiogenesis.” When compared to chemotherapeutic drugs,
sorafenib exhibits noteworthy efficacy profiles for cancer
therapy; nonetheless, it is crucial to recognize that sorafenib
still has a number of disadvantages in clinical therapy. (i)
Sorafenib’s limited bioavailability (~8.43%) severely limits
its clinical applicability because of its low water solubility,
fast metabolism, and rapid elimination;® (ii) A lot of cancer
patients usually have to temporarily stop taking sorafenib
or reduce their dosage because of severe side effects such
diarrhea, skin toxicity, hypertension, and hand-foot syndrome.
To overcome the aforementioned issues and create the desired
sorafenib delivery system with major therapeutic benefits, a
number of sorafenib-loaded nano-delivery systems have been
created and carefully investigated.” These intelligent sorafenib
nano-delivery systems have several benefits over conventional
formulations, including increased tumor accumulation
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capacity, regulated drug release, and better targetability and
bioavailability.® One important benefit of sorafenib-based
nano-delivery systems is that, before entering tumor tissues,
they remain dormant. This helps to prevent sorafenib from
leaking into the systemic circulation too soon, which lowers
the risk of side effects.’”

One potential strategy to lessen the severe side effects
of using anticancer drugs is to develop a nanocarrier that
allows for targeted drug delivery and controls the release of
therapeutic substances. It has been discovered that polymeric
nanoparticulate drug delivery techniques are useful for
maintaining drug release and focusing it on particular tissue.'’

Traditional sorafenib nano-delivery methods, including
liposomes,'!' solid-lipid nanoparticles,'*!* micelles,'*
gold nanoparticles,' and inorganic nanoparticles,'® have
significantly improved therapeutic effects over the past few
decades when compared to free sorafenib. Overall data,
however, indicated that there are still certain issues or problems
with the conventional sorafenib nano delivery methods, such
as poor targetability, uncontrolled drug release, and unguided
blood circulation.

This study aimed to improve the prepared composition
by varying the sonication time, polymer, and surfactant
concentrations in order to construct and define sorafenib
polymeric nanoparticles. The effect of individual components
on formulation attributes was investigated using a Box-
Behnken design with a small number of trial runs."” The
lyophilized optimized formulation was inspected by FTIR
spectroscopy, DSC, transmission electron microscopy, X-ray
diffraction, and cytotoxicity

MATERIAL AND METHOD

Material

Sorafenib (SFB) was procured from MSN Lab in Hyderabad,
India. Dichloromethane, PVA, and PLGA(Poly) were
purchased from S.D. Fine Chemicals (Mumbai, India). All of
the other materials and analytic reagents were of analytical
grade and were employed precisely as prescribed.

Preparation of ‘Sorafenib’ loaded polymeric nanoparticle
(SFB-NP)

A slightly modified single-emulsion solvent-evaporation
technique was used to create ‘sorafenib’-loaded PLGA
nanoparticles.'® To put it briefly, 100 mg of ‘PLGA’ polymer
was dissolved in 3 ml of dichloromethane to generate a primary
emulsion. Next, an ice bath was used to create the emulsion
using a microtip probe sonicator (VC 505, Vibracell Sonics,
NewtonUSA) set to 55W for two minutes. The organic solvent
was then evaporated by stirring the oil-in-water emulsion for
a whole night after it was emulsified into an aq.PVA solution
(2% w/v). The next day, three washes with double-distilled
water were conducted after the excess PVA was eliminated
using a Sorvall Ultraspeed Centrifuge (Kendro, USA) set at
50,602xg for 20 minutes at 4°C. The resulting nanoparticulate
dispersion was freeze-dried for two days at -80°C and 10 pm

mercury pressure in order to obtain the lyophilized powder
for use in the future.

Optimization of sorafenib loaded PLGA nanoparticle
using the Box-Behnken Design

When designing drug delivery systems, the goal of using a
nonlinear quadratic polynomial model is to get insight into
how various components interact and affect the system’s overall
performance. It is made simple to identify the ideal conditions or
factor configurations that maximize or minimize the dependent
variable by estimating the coefficients and performing a
model analysis. This approach simplifies the development
of more operative and efficient medication delivery systems.
In the context of response surface methodology (RSM)
and experimental design in pharmaceutical research and
development, applying this modeling technique is essential.
Particle size, entrapment efficiency, and zeta potential were
the dependent variables. The effects of the independent
components, PLGA (mg), PVA (mg), and sonication duration
(min), were examined using the Box-Behnken design (BBD)
(Table 1 and 2). This architecture is well suited for the analysis
of quadratic response surfaces and the construction of second-
order polynomial models. To precisely assess the influence of
the independent factors on the dependent variables, a nonlinear
quadratic polynomial model was built with an emphasis on both
linear and quadratic components using Design Expert Software
(version 13.0, Stat-Easelnc., Minneapolis, MN).

Characterization of sorafenib-loaded PLGA nanoparticle
(Shown in Table 3)

Particle Size, PDI and zeta potential

After an appropriate dilution with deionized water, the PS
and PDI values of all freshly generated formulations were
ascertained using photon-correlation spectroscopy (Malvern
Instruments Ltd.Malvern, Worcestershire, UK). Every sample
was examined three times.

Entrapment efficiency (EE%)

The previously described indirect method was used to
calculate the EE%. Using this procedure, the amount of free
or unentrapped SFB in the supernatant of each formulation
following centrifugation was assessed. The amount of free SFB
was measured at 261 nm using a spectrophotometric technique
(Spectro UV-VIS double beam, Lab India 3200).

Table 1: Variables used in experiment
Coded Value

Independent variables(X)

Low (-1) Mid (0) High (+1)
‘PLGA’ (X1) (mg) 100 150 200
‘PVA’ (X2) (mg) 2 3 4
‘Sonication Time’(X3) (sec) 5 7.5 10
Responses(Y) Constraint
ParticleSize (Y1) Min.
EE% (Y2) Max.
ZetaPotential (Y3) 20mV to -30mV

1JDDT, Volume 14 Issue 3, July - September 2024

Page 1427



Design for Formulation Optimization of Sorafenib loaded Nanoparticle

Table 2: Optimization Design with Coded value using ‘Box—Behnken

Design’
Batch code PLGA Qua(X1)  PVA(X2) Sonication time(X3)
SFB1 +1 0 +1
SFB2 -1 -1 0
SFB3 0
SFB4 0 0 0
SFB5 0
SFB6 +1 -1 0
SFB7 -1 0 -1
SFB8 +1 +1 0
SFB9 -1 0 +1
SFB10 0 0 0
SFB11 0 +1 -1
SFB12 0 +1 +1
SFB13 0 -1 +1
SFB14 +1 0 -1
SFBI15 0 0 0
SFB16 0 -1 -1
SFB17 -1 +1 0
Zeta potential (ZP)

Using a Zeta- sizer nano series (MalvernInstruments Limited,
UK) to evaluate electrophoretic mobility in an electric field
at 25°C, the zeta potential values of SFB-PLGA-NPs were
determined.

Fourier-Transform IR spectroscopy (FTIR)

Using the potassium bromide pellet method, the FTIR
spectrophotometer (Shimadzu, Singapore) was used to produce
the FTIR spectra of the physical mixture, sorafenib, and PLGA.
Samples were pressed into disks after being uniformly mixed
with KBr. The 400 to 4000 cm™ scanning range was used."”

Differential scanning calorimetry (DSC)

DSC tests were performed on PLGA, the improved formulation,
and sorafenib. The materials were subjected to thermal
examination with a Shimadzu DSC 50 device (Tokyo, Japan).
Under a steady, dry nitrogen environment, the samples were
heated from 35 to 300°C at a rate of 10°C per minute, with a
purge flow rate of 20 mL/min.°

Powder X-ray diffractometry (PXRD)

All components’ variations in crystallinity throughout the
formulation process are examined using PXRD analysis.?’

An X-ray diffractometer (Diano, Woburn, MA, USA)
operating at a current of 9 mA anda voltage of 45 kV ata2 ©
angle was used to acquire X-ray diffractograms of Sorafenib,
PLGA, and Optimized Formulation.*!

Morphological study by transmission electron microscopy
(TEM)

Using TEM (JEOL 100CX; JEOL Inc., Peabody, MA, USA)
at an accelerating voltage of 80 kV, the morphology of the
SFB-NPs was examined. The SFB-NPs formulation was

diluted from 1 to 0.01% w/w and treated in an ultrasonic
bath (Model 3510, BransonMS) in order to reduce particle
aggregation on the copper grid. For TEM analysis, a single
drop of the modified mixture was dried and put on a copper
grid coated with carbon.?!

Determination of in-vitro drugrelease

The dialysis method was used to measure the invitro release
of sorafenib from the produced PLGA nanoformulation in 0.1N
HCI (pH 1.2) and phosphate buffer (pH6.8). To put it briefly, a
cellulose dialysis bag with a capacity of about 1.61 mL/cm, an
average size of 14.3 mm, and a flat width of 24.26 mm was filled
with pure drug dispersion. After sealing the bag on both ends,
it was submerged in 900 mL of dissolution medium in a USP
dissolution apparatus-II (Lab India, DS 8000). A temperature
0f 37+ 0.5°C was maintained and the device was run at 75 rpm.
Five ml samples were taken out at prearranged breaks over
the course of a day and replaced with an equivalent volume of
new medium.??> The amount of drug released over time was
measured at 261 nm using UV spectroscopy (Lab India 3200).

Ex-vivo intestinal permeation Study

The mentioned method was used to conduct a comparative
ex-vivo intestinal permeation analysis of the optimised
sorafenib loaded PLGA NPs. Excess ether inhalation was used
to sacrifice the rat. The abdomen was opened, and the ileum
section was cut. One end of the intestinal segment was knotted,
and then both formulations each carrying 2 mg of sorafenib
were closely ligated in the mucosal side of the intestinal sac.
Beakers were set on a hot plate magnetic stirrer set at 37°C
after the sac was submerged in 100 mL of Krebs solution. An
aerator was used to continuously add 95% oxygen to the Krebs
solution. After that, I-mL of the sample was extracted, and at
predefined intervals, 1-mL of new Krebs solution was added
to maintain the sink state. The amount of material that had
penetrated the samples was measured using the UV technique
after they had been collected and passed through a 0.2 pm
membrane filter.

Cytotoxicity Studies

Cell culture preparation

The ATCC VR HB8065 HepG2 cells were utilized for
cytotoxicity studies. In brief, after being taken out of liquid
nitrogen storage, HepG2cells were rapidly thawed to ambient
temperature. After adding 9 mL of full culture media to the
contents of the vial, the mixture was centrifuged at 125 g for
5 minutes. The pellets were centrifuged again and again in 10
mL of full DMEM medium. They were then put into a T25
flask, and the supernatant was thrown away. The cells were
cultured with 5% CO, at37°C. After that, they were divided
using trypsin-EDTA and put into two T25 flasks. When cell
confluency was between 80 and 90 percent, the experiment
was performed.

MTT assay

Without using a test agent, 200 mL of the cell solution was
placed on a 96-well plate, and it was left 24 hours to develop.
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The media was changed to one with the proper concentration of
test chemicals after a day. It was incubated in an environment
with 5% CO2 for 48 hours at 37°C. The MTT reagent was
added through a sterilized 0.2 mm filter to achieve a final
concentration of 0.5 mg/mL after the media was removed from
the incubation chamber. To protect the plates from light, they
were covered with aluminum foil and incubated for three hours.
After the incubation, 100 mL of DMSO was added, and the
MTT reagent was removed. Absorbance at 570 nm was then
measured using a Lab India 3200 spectrophotometer with UV
spectroscopy.

RESULTS AND DISCUSSION

Particle Size, PDI and Zeta Potential Analysis

The sorafenib-loaded PLGA nanoparticles in this study showed
particle sizes, PDIs, and zeta potentials ranging from 162.9 to
182.6 nm, 0.143 to 0.157, and —21.5 to —26.9 mV, respectively.

Entrapment Efficiency

The entrapment efficiency of sorafenib-loaded PLGA
nanoparticles ranged from 75.1% to 90%. The polymer
concentration has been reported to increase drug entrapment
efficiency.”

Fourier Transforms Infrared Spectroscopy (FTIR)

FT-IR spectra of Sorafenib, PLGA, and their physical
mixing. The distinctive peaks representing the drug-excipient
interaction were examined. Because of the N-H, the medication
showed maxima at 3281.02 and 3250 cm . The amide C=0
group’s distinctive peaks are located at 1691 and 1714 cm .
The O-H stretch at 3390 cm ™! and the C—H alkane stretch at
2925 cm! are the more intense peaks of the PLGA. Similar
peaks show up in the drug and PLGA physical combination.
Every important peak of the medication is present in the
physical mixture’s infrared spectra. The absence of drug-
polymer interaction is confirmed by the drug peak’s appearance
in the physical mixture.

Optimization and Statistical Analysis

Effect on particle size

The polymer and surfactant concentrations determine the
sorafenib-loaded PLGA nanoparticle’s particle size. The
program recommended a quadratic model, and a statistical
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Table 3: Characterization data

Particle size Zeta potential

Formulation (nm) EE% (mV) PDI

SFB1 182 90 -24.1 0.143
SFB2 166 76.5 -22.9 0.145
SFB3 168.2 82 -23.5 0.146
SFB4 170 82.1 -23 0.147
SFB5 168.5 81.8 -23.9 0.150
SFB6 181.1 89 -21.5 0.155
SFB7 164 76.2 -23.9 0.149
SFB8 181.9 88 -26.9 0.154
SFB9 163 75.6 -24.2 0.157
SFB10 167.9 82.4 -23.6 0.143
SFB11 170.2 83 -26.5 0.152
SFB12 169 83.9 -25.9 0.146
SFB13 175 85.1 -23.8 0.147
SFB14 182.6 89.5 -23.1 0.157
SFB15 168.1 84 -23.2 0.148
SFB16 169.5 84.3 -21.9 0.144
SFB17 162.9 75.1 -24.9 0.151

examination of the model yields a model that fits reduced
polynomial equations for particle size.

“Particlesize=168.54+11.51X1-1.16X2-0.4250X3-
5.17X1X2+4.15X1X3+1.00X2X3-0.5708X12-
2.17X2%+3.00X32

Particle size increases with higher PLGA concentration,
suggesting that PLGA (X1) positively affects particle size. The
interaction between PLGA and PVA also shows a beneficial
influence on nanoparticle size. The increase in particle
size could be due to more particle aggregation as PLGA
concentration rises. Larger nanoparticles are also formed
because the increased polymer content increases the viscosity
of the solution, slowing the pace at which nanoparticles diffuse
into the aqueous phase. With just a 0.01% chance that the high
F-value is the consequence of noise, the model’s F-value of
57.24 shows substantial results. Less than 0.0500, or a p-value
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Figure 1: Three dimension surface plot (a, b, ¢) representing the effect of PLGA (A) , PVA (B) and Sonication Time(C) on particle size
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Figure 2: Three dimension surface plot (a, b, c) representing the effect of PLGA (A) , PVA (B) and Sonication Time (C) on
Entrapment Efficiency

of 0.0001, indicates that the model terms are significant. X1
and X2 are important model terms in this context. There is
substantial agreement between the modified R2 of 0.9881 and
the projected R2 0f 0.9986. A three-dimensional surface map
of the impacts of the independent variables (PLGA, PVA, and
sonication time) on particle size is presented in Figure 1 (a, b,
and c) (Seham [Elsayed e al., 2023).

Effect on entrapment efficiency

Figure 2(a, b, c) shows the effect of independent parameters
(PLGA, PVA and sonication time) on Entrapment efficiency
with the help of three dimension surface plot. The Entrapment
efficiency of sorafenib in polymeric nanoparticles is expressed
by following the quadratic equation

“EE%=82.46+6.64X1-0.6125X2+0.2000X3+0.1000X 1 X2+
0.2750X1X3+0.0250X2X3-0.7800X 1>+0.4700X2>+1.15X3%

“The polynomial equation shows that the polymer concentration
has an effect on entrapment efficiency, with coefficients X1 and
X2 having a significant impact. As polymer concentration
increases, drug entrapment also rises. This can be attributed to
higher PLGA concentrations producing smaller nanoparticles,
which hold less medication and release more into the aqueous
phase, resulting in less PVA being encapsulated in PLGA
nanoparticles. Drug molecules traveling from the organic to
the aqueous phase will face more diffusional resistance due
to the organic phase’s increased viscosity caused by a higher
initial concentration of PLGA.>* Furthermore, larger particle

=
Zeta Porwenat pm)
Zeta Potentini i)

sizes produced by a greater initial concentration of PLGA have
been shown in the literature to improve drug encapsulation
effectiveness (Serap Derman, 2015). The model’s F-value
of 67.25 indicates a high degree of reliability because the
likelihood that the high F-value is the product of random noise
is only 0.01%. p-values less than 0.0001, which is considerably
less than 0.0500, confirm the significance of the model terms
X1 and X2. The predicted R2 of 0.9404, which is quite similar
to the Adjusted R2 of 0.9739, indicates a good model fit”.

Effect on zeta potential

ZP values provide information about the colloidal dispersion’s
storage stability. The colloidal dispersion frequently needs
higher ZP values of the nanoparticulate system in order to
be stable. The following quadratic equation can be used to
illustrate the effect on zeta potential.

“ZetaPotential=23.44+0.0375X1-1.76 X2+0.2000X3+0.1000X 1
X2+0.2750X 1X3+0.0250X2X30.7800X12+0.4700X 22+1.15X3”

The negative coefficients for X1 and X2 in the polynomial
equation imply that the concentration of PLGA (X1) correlates
with a decrease in zeta potential values. We noticed that
the zeta potential of all formulations consistently showed
negativity. After analyzing the equation more closely, we
came to the conclusion that a rise in PLGA content causes a
larger zeta potential. The negatively charged PLGA adhering
to the surface can be used to explain this phenomenon. When
PLGA is in its aqueous solution, carboxyl groups (COOH)

Zeta Posential (mV)

Figure 3: Three dimension surface plot (a, b, ¢) representing the effect of PLGA (A) , PVA (B) and Sonication Time(C) on Zeta Potential
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are present on its surface, which causes a negative charge.
Three-dimensional surface plots in Figure 3(a, b, ¢c) show how
independent parameters (PLGA, PVA, and Sonication Time)
affect zeta potential. The F-value of 30.76, which shows that
there is only a 0.01% chance that such a huge F-value would
occur by chance, supports the importance of the model. Model
terms, especially X1 and X2, are significant when p-values
are less than 0.0001, which is below the significance criterion
of 0.0500. The expected R* value of 0.8153 closely matches
the adjusted R? of 0.9436, indicating a strong fit of the model.

By putting limitations on the dependent variables, the
optimal Opt-SFB-PLGA-NPs formulation was found. The
optimal nanoparticles were found using the Design-Expert
software version 12, which used point prediction to aim for a
desirability factor near 1. This process yielded projected values
for particle size (Y1) of 178.53 nm, entrapment efficiency (Y2)
of 86.05%, and zeta potential (Y3) of -23.98 mV. The ideal
process parameters were expected to be 150 mg of PLGA
(X1), 3 mg of PVA (X2), and a sonication period of 7.5 minutes
(X3). “The optimized formulation (Opt-SFB-PLGA-NPs) was
then created and tested in terms of zeta potential, entrapment
efficiency, and particle size”. The improved formulation’s
experimental values for zeta potential (Y3), particle size (Y1),
and entrapment efficiency (Y2) were measured at 175 nm,
85.1%, and -23.8 mV, respectively. These experimental findings
validated the validity of the response surface methodology
(RSM) model by closely matching the expected values
produced by the RSM.

Characterization of Optimized Sorafenib PLGA NPs(Opt-
SFB-PLGA-NPs)

The size, distribution, and polydispersity index of nanoparticles
are their three main features. These properties control
solubility, physical stability, chemical kinetics, release kinetics,
and colloidal properties.>> PS is one of the most important
factors in liver absorption and targeting. The small formulation
size, which involves particles with a diameter of only 20 to 500
nm, makes it easier for medications to be efficiently absorbed
into the intestine.?® “The optimized Opt-SFB-PLGA-NPs
has a mean particle size of 175 nm” (Figure 4a). The uniform
size distribution and particle aggregation can both be well-
indicated by the PDI. The typical range for PDI is 0.1 to 0.5.
Higher PDI values signify a highly polydispersed particle
size distribution, while lower values imply samples that are
predominantly monodispersed. For the optimized formulation,
the PDI value is 0.134.

One useful method for predicting the durability of
nanoparticles is the zeta potential, which shows the electrical
charge or electrostatic repulsion of the particles.?”?® Particle
aggregation was caused by insufficient stability, as indicated
by the lower ZP value. The ZP of the Opt-SFB-PLGA-NPs
formulation was determined to be —23.8 mV (Figure 4b).

Differential scanning calorimetry

The DSC thermogram of sorafenib, PLGA, and optimized
formulation is shown in Figure 5. The crystalline nature
of PLGA and the medication sorafenib was indicated by
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Figure 5: DSC study

their strong endothermic peaks, which occurred at 240 and
31.2°C, respectively. It appears that the crystalline form has
transformed into an amorphous form because the Optimized
formulation does not have a drug-distinctive peak. The drug’s
solubility in the PLGA may be the cause of this. It illustrates
how a medication becomes stuck in the PLGA nanocarrier.

Xray diffraction studies

XRD “measurements were conducted to analyze the crystalline
structure of the drug and to examine the interactions among
different nanocarrier components. Figure 6 illustrates the X-ray
diffraction patterns of PLGA, sorafenib, and the optimized
formulation. The diffraction patterns of pure sorafenib
exhibited several lower-intensity peaks alongside sharp peaks
with high intensity at 26 scattering angles of 5.140, 11.020,
15.790, 17.690, and 24.390, indicating its crystalline nature. In
contrast, the XRD pattern for PLGA showed no distinct peaks,
suggesting its amorphous properties. Interestingly, in the XRD
pattern of the optimized formulation, the distinctive peaks
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Figure 6: XRD study

of sorafenib either disappeared or became less prominent.
This observation suggests that the drug is more soluble in the
polymer when its crystallinity decreases, likely due to the
formation of amorphous nanoformulations”.

Transmission electron microscopy

The size, average diameter, and surface shape of the improved
formulation formulations were investigated using TEM. The
spherical shape and smooth surface of the nanoformulation
are shown in a TEM photomicrograph (Figure 7). The picture
demonstrates that the particles were not uniformly distributed
and consolidated.

In-vitro drug release of ‘Sorafenib’ from Opt-SFB-PLGA-
NPs

“Using the dialysis bag diffusion method. Figure 8 shows the
release patterns of Opt-SFB-PLGA-NP and pure sorafenib
dispersion in simulated stomach (0.IN HCI, pH 1.2) and
intestinal (phosphate buffer, pH 6.8) fluids. The observed
variations in release patterns are probably explained by the
inclusion of PLGA and surfactant in the Opt-SFB-PLGA-NP
formulation (Figure 8). A sustained release followed a fast
release in the biphasic release profile of opt-SFB-PLGA-NP. In
particular, it showed a 30% burst release within 5 hours and a
90% steady release over 24 hours. In contrast, pure sorafenib
dispersion released 96% of the drug within 6 hours. The initial
burst release from Opt-SFB-PLGA-NP may be attributed to
drug molecules adhering to nanoparticle surfaces, while the
sustained release could be due to drug entrapment within the
polymer matrix. These findings highlight the superior efficacy
of PLGA nanoparticles as a carrier for prolonged sorafenib
administration compared to pure sorafenib dispersion”.
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Figure 7: TEM image of optimized sorafenib loaded PLGA
nanoparticle
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Figure 8: In-vitro dissolution study

Ex-vivo intestinal permeation study

The amount of drug absorbed via the gastrointestinal tract
is determined by the rate of drug penetration. Rat intestinal
sections were used in ex-vivo permeation studies to learn more
about the potential for improved absorption of Opt-SFB-PLGA-
NPs formulations. Since most medications are ingested in-vivo
by the small intestine, rat tissue is more justified. Henceforward
we utilized the ileum section to investigate the potential of Opt-
SFB-PLGA-NPs formulations that can improve the penetration
of sorafenib throughout the intestinal barrier. The cumulative
amount permeated (CAP) was computed and shown throughout
the gut. The cumulative amount of sorafenib permeated from
the pure drug was 821 pg/mL and was considerably elevated
to 1624 pg/mL in Opt-SFB-PLGA-NPs formulation (Figure 9).

Cytotoxicity studies

HepG2 cells were used in the cytotoxicity research of the
pure medication pure SFB, OPT-SFB PLGA NP, and blank
PLGA NP (Human Hepatocellular carcinoma cells). OPT-SFB
PLGA NP efficiently suppressed HepG2 cells (Figure 10). The
size of the particles has a big impact on how well cancer cells
absorb medications. The reduced particle size of the improved
formulation may have contributed to its significant cytotoxic
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Figure 9: Ex-vivo intestinal permeation study
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Figure 10: Cell viability study
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effect. Cancer cells are more susceptible to cytotoxicity when
there is a higher zeta potential value because it causes a more
direct engagement with the tumor cell.

CONCLUSION

The single emulsion solvent evaporation method, which has
several advantages over other nanoparticle production methods,
is used to create sorafenib-loaded PLGA nanoparticles. This
technique stands out for its simplicity and versatility as it
produces nanoparticles with controlled and narrow particle size
distributions. The improved formulation, with an ideal particle
size of 175 nm and a PDI of 0.134, showed good entrapment
efficiency (85%). Excellent release characteristics were
exhibited by the improved sorafenib-loaded nanoformulation
(30% in 5 hours and 90% up to 24 hours). Its size and surface
features greatly influence the ability of a nanoparticle to reach
its intended location. The TEM image verified the presence of
nanometer-sized, spherically-shaped particles. The improved
formulation’s zeta potential readings (-23.8 mV) showed that
it was stable. The cytotoxicity study’s findings demonstrated
that PLGA NP loaded with sorafenib efficiently inhibited
HepG2 cells. The study’s optimized sorafenib-loaded PLGA
nanoparticle was found to be an effective carrier for targeting
liver cancer cells and a possible means of delivering sorafenib
over an extended period of time.
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