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Abstract---Paclitaxel (PTX) is well known for its effectiveness in
management of cancer. It is associated with solubility problem which
is overcome by adding ethanol and Cremophor EL and is available
commercially as Taxol. However, Cremophor EL has serious side
effects, therefore it is imperative to utilize some other strategies or
delivery system for improving its antitumor activity and reduce side
effects. The prime objective of this present study was to prepare
(Paclitaxel) loaded surface folate decorated and pegylated PLGA (PPF)
nanoparticles and characterized for its particle size, polydispersity
index, zeta potential, drug loading, drug entrapment efficiency and in
vitro drug release. Based upon the in vitro drug release characteristics
results the best formulation F4 was selected for observing its surface
morphology by SEM and TEM. In vitro release kinetics study unveils
that the delivery system follows Korsmeyer-Peppas model suggesting
“Fiskian diffusion”.

Keywords---Paclitaxel, Soluplus®, Anticancer, Surfactant,
Nanoparticle.

Introduction

A well-known anticancer drug, Paclitaxel, has been extensively used against a
wide range of cancers and solid tumors over the years. One of the commercially
available products that contain Paclitaxel is Taxol, which is a substance that was
originally derived from the bark of the Pacific Yew Tree (Taxus brevifolia). It has
been reported that paclitaxel crude has a solubility problem that can be overcome
by adding Cremphor EL to the drug. Cremphor EL, however, has been reported to
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cause allergic reactions and to be toxic as well [1l. As a result, it is of the utmost
importance not to use Taxol for the treatment of cancer, and instead opt for
alternative methods of using Paclitaxel [ A variety of nanoparticulate systems are
used to deliver Paclitaxel to solid tumors, including dendrimers, liposomes,
polymeric nanoparticles, micelles, lipid emulsions, niosomes, and self-emulsifying
drug delivery systems (SEDDS). In the field of targeted delivery, polymeric
nanoparticles made of PLGA are highly preferred due to the fact that they are
biodegradable, compatible and highly effective. In addition to being approved by
the FDA, PLGA nanoparticles can also be targeted at tumors by absorbing them
through Enhanced Permeation and Retention (EPR) effect in solid tumors, which
in turn allows them to easily penetrate through the vascular system through
dripping endothelial tissue found on the tumor's periphery [2 3. In the present
study, the aim is to formulate nanoparticles of Paclitaxel using PPF as a polymer
as a means to deliver Paclitaxel in a way that avoids the presence of Cremphor
EL, which is linked to toxicity issues, and which can be used to treat cancer [!.
In order to achieve this, nanoparticles were prepared by the Double Emulsion
Solvent Evaporation Method (DESE) by using PVA and Soluplus® as stabilizers in
order to prepare nanoparticles. The characteristics of nanoparticles were
examined based on particle size, surface charge, polydispersity index, drug
loading, encapsulation efficiency, and in vitro drug release
characteristics. Cytotoxicity studies in vitro were also performed using MCF7 cell
lines. In vitro characterization of the nanoparticles, however, suggested that PVA
would be a better stabilizer.

Materials and Methods

The sample of paclitaxel was provided as a gift from Fresenius Kabi Oncology
Limited. Polymers PLGA 50:50 was purchased from Sigma Aldrich and Soluplus®
was provided as gifts by BASF (USA). Poly vinyl alcohol (cold water soluble) was
obtained from Himedia Laboratory Pvt. Ltd., Mumbai. The rest of the chemicals
used in the experiment were of the analytical reagent grade.

Drug Excipients Compatibility study:

Compatibility between Paclitaxel and other major excipients used for preparations
of nanoparticles was analysed by FTIR (Alpha, Bruker, Ettlingen, Germany) and
DSC (Perkin, DSC 4000). FTIR spectra and DSC thermograms so obtained were
analysed for any possible interaction.!!

Preparation of Paclitaxel loaded PLGA nanoparticles:

A new way of preparing paclitaxel loaded PPF nanoparticles has been devised by
using the DESE method (Double Emulsion Solvent Evaporation) as previously
reported [12. 131 with some modifications. Different ratios of PVA (Polyvinyl Alcohol)
and Soluplus® were used to prepare nanoparticles. For the primary emulsion,
PVA (2.5%w/v) and Soluplus® (0.25%w/v) were used as stabilisers, and for the
secondary emulsion, PVA (1.5 %w/v) and Soluplus® (0.03 %w/v) were used as
stabilisers. In formulations F2 and F5 mixtures of PVA and Soluplus® were used
as stabilisers. In the preparation of F2 and F5, 0.25 % w/v PVA was used as a
primary emulsifier and 1.5 % w/v PVA was used as a secondary emulsifier. By
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dissolving PPF and drug in 2ml dichloromethane, 1ml 2.5 %w/v PVA was added
dropwise, followed by homogenization at 18,000 rpm to create a double emulsion
to produce nanoparticles. In order to make the secondary emulsion, 75 ml of PVA
at 1.5% (w/v) is added to the primary emulsion and homogenised at 18,000 rpm
again. A double emulsion was then prepared by placing the emulsion in a
sonicator for 45 minutes and stirring it gently overnight for the purpose of
evaporating the organic solvent and solidifying the nanoparticles. Using
centrifugation at 5,000 rpm for 5 minutes, we separated the larger nanoparticles
from the supernatant, which was collected and centrifuged again at 15,000 rpm
for 30 minutes to obtain nanoparticles of desired sizes. In order to remove free
drug from the surface of the nanoparticles, the nanoparticles were re-suspended
with distilled water and centrifuged to remove excess stabilisers (PVA and
Soluplus®). The washing process was repeated twice. A deep freezer was then
used for storage of the separated nanoparticles at -40°C and eventually
lyophilization was carried out to preserve them. Detail composition of six
formulations of PPF nanoparticles as in Table 1.

Table 1: Composition of Paclitaxel loaded PPF nanoparticles

Formulation | Paclitaxel | PLGA (50:50) | Polyvinyl alcohol (%w/v) | Soluplus® (%)

code (mg) (mg) Primary Secondary Primary Secondary
F1 10 100 2.5 1.5 — —

F2 10 100 — 1.5 0.25 -

F3 10 100 o - 0.9 0.03

F4 10 50 2.5 1.5 -—- ---

F5 10 50 --- 1.5 0.25 ---

F6 10 50 --—- --- 0.9 0.03

Characterization of Paclitaxel loaded PPF nanoparticles
Drug Loading and Entrapment Efficiency

A centrifuge tube containing 2mL of acetonitrile and 2 mg of Paclitaxel loaded
nanoparticles was used to measure drug loading and entrapment efficiency.
Thereafter, it was continuously shaken in an incubator shaker at 37°C for 3-4
hours until it was cooled to room temperature. In order to separate the
continuous phase from the dispersed phase, centrifugation was used. A
spectrophotometric analysis at 227.4 nm was performed on the supernatant
collected after the reaction was completed, and the released drug was quantified
[+ 5. According to the following equations, drug loading and entrapment efficiency
percentages were calculated:

i Amount of drug present in nanoparticles
Actual Drug loading(%) = — - x100
weighed of nanoparticles sample analysed

Actual drug loading

Entrapment efficiency(%) = Theoretical drug loadingX
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Particle Size Analysis and Zeta Potential Measurement (ZP):

The particle size, its distribution, and the zeta potential of Paclitaxel-loaded PPF
nanoparticles were analysed using a Malvern NANO ZS90 instrument, which
employs a solid-state laser using dynamic light scattering (DLS) to measure
particle size, particle distribution, and zeta potential of Paclitaxel-loaded PPF
nanoparticles. It has been found that when freeze dried nanoparticles are
suspended together in double distilled water by sonication, the average size of the
hydrodynamic particles, the size distribution, the polydispersity index, and the
zeta potential of the particles can be determined (6. 7.

Scanning electron microscopy (SEM) and Transmission electron microscopy
(TEM) for determining surface morphology:

In order to assess the surface morphology of the nanoparticles, the shape and
morphology of the prepared nanoparticles were examined by scanning electron
microscopy (Hitachi SEM (S-3600N)). The nanoparticle sample was mounted on
metal stubs using double-sided adhesive carbon tape that was adhered to the
metal and fractured with a razor blade to obtain the appropriate amount of
nanoparticles. Using secondary electron emissive SEM under an argon
atmosphere, gold was sputter-coated on the samples and morphology was
observed under this condition.

It was demonstrated that the detailed morphology of nanoparticles could be
visualized and depicted using transmission electron microscopy (TEM) JEM CX
100 operating at 200kv with a point-to-point resolution that could visualize and
depict the morphology of nanoparticles. Drying the samples on carbon coated
grids is followed by staining them negatively with 2% aqueous uranyl acetate
solution after they have been dried. PPF nanoparticles are shown to be formed
and sized in a similar manner to other nanoparticles through combination of both
bright field imaging and multi-mode imaging at varying magnifications (6. 8l

In Vitro Drug Release Study

In phosphate buffer pH 7.4, drug release studies of the formulated PPF
nanoparticles were conducted 19 In Eppendorf tubes containing 5 mg of freeze-
dried nanoparticles, 2ml of phosphate buffer was added and the tubes were kept
at 37°C in an incubator. After shaking the samples at 120 rotations/minute for O
hours, 1 hours, 3 hours, 6 hours, 9 hours, 12 hours, 24 hours, 36 hours and 48
hours, they were centrifuged, and 0.5 ml of supernatant was collected. To
maintain the same conditions, 0.5 ml of the withdrawn samples were replaced
with fresh phosphate buffer solution. A spectrophotometer at 227.4 nm was used
to determine the release of the drug from the samples.

In Vitro Drug Release Kinetic Study:
In order to understand its pharmacokinetic models, it is necessary to evaluate the

mechanism by which drug is released from nanoparticles as well as its
corresponding kinetics. Data obtained from the in vitro drug release studies were
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analyzed using a range of kinetic equations such as zero order, first order, etc.,
and graphs were compiled based on these equations. In order to determine the
value of r2 and k, a regression analysis was performed on the corresponding
linear plots 1.

Cytotoxicity evaluation using MTT assay
The cytotoxicity of the free drug and PPF-NPs on breast cancer cells (MCF7) was
evaluated by MTT assay as explained somewhere else [10-12],

Statistical analysis

Data are presented as a mean + Standard Deviation (SD). Data were analysed by
one-way ANOVA and Tukey-Kramer test as post hoc assessments based on p <
0.05 statistical differences between the groups. This study utilized GraphPad
Prism software program (Version 8.01, GraphPad Software, San Diego, USA).

Results
Drug excipient compatibility study

An FTIR analysis was conducted on pure drug, individual excipients, physical
mixtures of the excipient and the drug, as well as paclitaxel-loaded polymeric
nanoparticles to investigate the compatibility between the drug and the excipient.
As shown in figure 1, FTIR spectra are presented. A comparison was made among
the DSC thermograms obtained for pure drug, physical mixtures of drug
polymers, and lyophilized polymeric nanoparticles. This can be seen in Figure 2.
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Figure 1. Fourier transform infrared (FTIR) spectra of drug with excipients

(Paclitaxel, PLGA, PVA, Soluplus®, FOL)
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Figure 2. Differential scanning calorimetry thermograms of physical mixture of
drug with excipients containing Paclitaxel, PLGA, PVA, FOL

Preparation of Paclitaxel loaded PPF nanoparticles

Using a double-emulsion solvent evaporation method, polymeric nanoparticles
loaded with Paclitaxel were prepared by using the PPF polymer and stabilizing
them using different types and ratios of stabilizers, such as PVA, Soluplus®, and
mixtures of both PVA and Soluplus®. There were various concentrations of drug
polymer ratios that were used in the formulation process, as well as different
concentrations of stabilizers that were used in the formulation process. Following
the preparation of the formulations, the size, surface, and release characteristics
of the formulations were evaluated.

Determination of entrapment efficiency and drug loading
The entrapment efficiency (%) and drug loading (%) of the nanoparticles F1-F6
ranges from 53.20+0.18 % to 66.41+0.14% and 4.13+£0.18% to 10.26%0.20%

respectively. Results for all the formulations are shown in Table 2.

Table 2: Characteristics of Polymeric nanoparticles

Formulation | Particle | Polydispersity | Zeta Drug Entrapment
code size index (PDI) potential | loading (%) | efficiency (%)
(nm) (mV)

(Mean £ SD) *

F1 497.3 0.611 -4.07 4.50+0.16 59.63+0.15

F2 408 0.470 -7.18 4.13+0.18 55.55+0.21
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F3 390 0.444 -6.65 4.48+0.13 59.45+0.19
F4 330 0.548 -14.1 10.26+0.20 | 66.41+0.14
F5 430 0.358 -2.07 8.07+0.13 53.20+0.18
F6 323.5 0.728 -5.87 9.45+0.12 62.16x0.14
*n=3

Determination of nanoparticles size and its surface properties:

As can be seen in Table 2, the particle size distribution of the prepared PPF
nanoparticles F1-F6 ranges from 323.5 nm to 497.3 nm.

Evaluation of surface morphology of nanoparticles:

As shown in the SEM and TEM images, the nanoparticles were found to be
spherical and had smooth surfaces as shown in the Figures 3 to 4 (Figure 3 to 4).

Figure 3. TEM images of Paclitaxel loaded Polymeric Nanoparticles (F4)
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Figure 4. SEM images Paclitaxel loaded Polymeric Nanoparticles (F4)

In vitro drug release and pharmacokinetic modeling of Paclitaxel loaded PPF

nanoparticles

This study was conducted in phosphate buffer (pH 7.4) to study the drug release
from polymeric nanoparticles loaded with Paclitaxel. As shown in Table 3, the
cumulative percentage of drugs released over a period of time has been calculated
and presented. Cumulative percentage drugs released verses time profile graph is

shown in figure 5.

Table 3. In vitro drug release data from PPF nanoparticles

Time Cumulative percentage drug release (Mean *+ SD) *
(hours) F1 F2 F3 F4 F5 Fo6
0 0 0 0 0 0 0
1 19.9440.09 | 19.24+0.15 | 18.8240.13 | 22.26%0.08 17.96x0.13 21.55+0.07
3 43.34+0.06 | 41.28+0.10 | 40.27+0.11 | 47.97+0.13 38.27+0.03 47.04£0.05
6 45.09£0.10 | 43.61+0.11 | 43.91+£0.15 | 53.32+0.08 | 39.56%0.12 50.85+0.09
9 49.73+0.09 | 47.02+0.08 | 48.33+0.13 | 57.61+0.10 | 42.46%0.14 53.76+0.06
12 53.39+0.16 | 50.13+0.07 | 50.96+0.07 | 59.75#0.11 45.52+0.16 56.32+0.11
24 58.56+0.11 | 53.20+0.09 | 55.41+0.17 | 64.75+0.06 | 48.74+0.18 60.45+0.09
36 64.65+0.08 | 57.35+0.13 | 60.44+0.10 | 70.50£0.15 52.44+0.17 65.87+0.05
48 68.94+0.10 | 61.02+0.10 | 64.09+0.12 | 75.10£0.11 55.55+0.18 72.88+0.08

*n=3
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Figure 5. Graph depicting the cumulative percent drug released vs time

A comparison of the various rate constants and release exponents that have been
calculated from the data of drug release following different kinetic models is
shown below in Table 4. A comparison of the various rate constants and release
exponents that have been calculated from the data of drug release following

different kinetic models is shown below in Table 4.

Table 4. In vitro drug release data of different kinetic models

Formulation | Zero Order | First Higuchi Hixon-Crowell | Korsmeyer-Peppas
Code Model Order Model Model Model
Model
R?%z R?%p R?y R?uc R2%p n

F1 0.974 0.651 0.828 0.296 0.966 0.117
F2 0.974 0.588 0.783 0.278 0.955 0.109
F3 0.953 0.663 0.813 0.298 0.979 0.154
F4 0.974 0.662 0.793 0.292 0.977 0.158
F5 0.944 0.578 0.772 0.278 0.898 0.049
F6 0.985 0.6017 0.794 0.291 0.794 0.117
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Discussion
Drug excipient compatibility study

According to the interpretation of the FTIR spectra of individual drug spectra and
excipient spectra as well as their physical mixture and final formulation, there
were no chemical interactions between the drug and excipients, as all the
important drug peaks were observed in the mixture of drug and excipients as well
as polymeric nanoparticles containing Paclitaxel. The DSC thermograms for
Paclitaxel and PPF show a broad endotherm at 220.6°C for Paclitaxel and 51.38°C
for PPF. The presence of a drug peak at the same temperature in the DSC
thermogram of both the physical mixture and the drug-loaded formulation
indicates that the drug is compatible with the polymer. The present formulations
did not result in any interactions that could have altered the individuality of the
drug, and therefore, the current components are compatible with each other in
the current formulations as a finished product.

Preparation of Paclitaxel loaded PPF nanoparticles

In order to formulate paclitaxel loaded polymeric nanoparticles with optimum
size, zeta potential, polydispersity index, entrapment efficiency, and in vitro drug
release characteristics, six formulations of PPF nanoparticles with PVA and
Soluplus® as stabilizers were formulated by double emulsion solvent evaporation
in order to obtain the desired size, zeta potential, polydispersity index, and
entrapment efficiency. Compared to other formulations, nanoparticles formulated
using the PVA stabilizer (F4) showed a higher level of drug loading and
entrapment efficiency when compared to other formulations.

Determination of entrapment efficiency and drug loading

The percentage entrapment efficiency of all the formulation was varied in the
range from 53.20%0.18% to 66.41+0.14% and percentage drug loading was found
in the range from 4.13%0.18% to 10.26+0.20%. A significant effect of drug polymer
ratio and stabilizer concentration on entrapment efficiency and drug loading was
observed from the values of entrapment efficiency and drug loading. It was found
that the drug loading and entrapment efficiency was greater for 10:50 ratio (drug:
PPF) than for 10:100 ratio, and nanoparticles prepared with PVA as stabilizer
demonstrated greater drug entrapment efficiency than those prepared with
Soluplus®. According to this finding, the amount of polymer incorporated in the
formulation does not directly relate to the loading and entrapment ratio of the
drug. There are a number of factors that affect this process, including the
optimum ratio of drug and polymer to be used, along with the stabilizer and
homogenization speed, among others. The present analysis is similar to previous
studies using PPF polymer in which drug loading was seven times higher for a 1:1
ratio of drug to polymer than for a 1:3 ratio 4

Determination of nanoparticles size and its surface properties

The results of the particle size data revealed that the drug polymer ratio and the
concentration of surfactant have a significant impact on the particle size of
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nanoparticles. As a result, the average diameter of all the drug-loaded
formulations (F1 to F6) varied from 323.5 nm to 497.3 nm on average. It is also
suggested that PVA might be an effective stabilizer for the production of
nanoparticles with the desired size, based on these results. An analysis of particle
size also showed that as the polymer concentration increased, the particle size of
the drug-polymer formulation increased, as in the case of formulation F1-F3
(10:100) drug-polymer ratio in comparison to formulation F4-F6 (10:50) drug-
polymer ratio. In earlier studies, it has been hypothesized that an increase in
polymer concentration in the organic phase could result in a decrease in shear
stress during homogenization because the viscosity of the polymer increases with
increasing polymer concentration. Therefore, as the viscosity of the organic phase
decreases, the dispersion of the organic phase with the aqueous phase also
decreases, leading to an increase in the particle size [13l- It was found that the
polydispersity index of the formulation containing the drug varied between 0.358
and 0.728 on average. It was evident from the PDI value of the nanoparticles that
the nanoparticles had a homogeneous distribution during the formation process.
It has been determined that the surface charge of Paclitaxel loaded PPF
nanoparticles can be determined by zeta potential (ZP) analysis. As can be seen
from the zeta potentials of the nanoparticles F1 to F6, the zeta potentials ranged
from -2.07 to -14.1. A zeta potential range of -30 mV to +30 mV indicates that
those nanoparticles do not aggregate rapidly to form a cluster and retain their
original size for a considerably longer period of time [ Nevertheless, the obtained
zeta potential clearly suggests that nanoparticles that have been synthesized and
formulated on their sizes can remain intact without forming aggregates, which
will consequently aid in the absorption of drugs in biological systems [14 In order
to assess the stability of the PPF nanoparticles and the fate of the nanoparticles
in vivo, its zeta potential was assessed [15 It has been suggested that the reason
for the negative charge or zeta potential could be due to the presence of a negative
carboxylic group on the polymer PPF, which may have dissociated hydrogen ions
while the nanoparticles were being prepared [16}-

Evaluation of surface morphology of nanoparticles

Upon examination of the SEM images of the nanoparticles loaded with Paclitaxel,
it becomes evident that the particles were of submicron size and that they were
distributed homogeneously throughout the particles. TEM images indicate that
the drug has been distributed in particulate form throughout the body of the
nanoparticles, which is consistent with the results of the polydispersity index.

In vitro drug release and pharmacokinetic modeling of Paclitaxel loaded PPF
nanoparticles

In vitro drug release at lhr ranges from 17.96%+0.13 to 22.26+0.08 for all the
formulations and at 3hrs release was 38.27+0.03 to 47.97+0.13. The obtained
data also shows that drug release gradually increase post 3hrs of in vitro study
rather than sudden explosion of release up to initial 3 hrs. This pattern of release
may be due to erosion of PPF conjugate initially followed by slow diffusion up to
75.10+0.11% at 48 hr. Formulation (F4) showed highest drug release of
75.1020.11% at 48 hrs which is higher than other formulations. These in vitro
drug release data when analyzed for its release kinetic pattern, showed good
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linearity for in Korsmeyer-Peppas plot followed by zero order kinetics as per the
R2 values. The kinetic modeling of the in vitro release data depicting its release
mechanism by Korsmeyer-Peppas model confirms the release from a polymeric
formulation. In addition, the n value of 0.158 for formulation F4 which gave the
highest release says its release mechanism as Fickian diffusion. This finding
clearly suggests zero order release coupled with diffusion of drugs from the
polymeric system.

Evaluation of cytotoxicity using MTT assay

As part of the MTT assay, it was determined that the IC 50 (50% inhibition of cell
growth) of F4 against MCF7 cells was different at different concentrations of the
reagent. It is noted that several concentrations of F4 were used in this study, and
the results can be seen in table 5 and figure 16 which are presented in this study.
Compared to the control and free drug concentrations, it was found that the F4
concentrations of between 100 nM and 2000 nM had significant effects on MCF7
cells and had a significant effect on MTT assays. As a result of the investigation
into the concentrations of F4 that showed the most cytotoxicity against the MCF7
cell, it was found that the highest concentration of 2000 nM was found to have a
viability rate of 3.591£1.94% of the cells. It was found that the growth inhibition
percentage increased with increasing F4 concentration, and the ICsg value of this
assay was 73 pg/ml.

Table 5. Cytotoxicity of the PPF nanoparticles as compared to free Paclitaxel

Concentration (nM) Paclitaxel PLGA NPs PPF NPs
0 99.85+3.71 99.9842.52 99.99+3.45
100 97.46+2.18 85.82+1.42 70.49%1.76
200 96.56+1.89 88.75+1.27 57.29+1.91
300 97.71+1.91 69.92+1.41 38.49+1.51
400 85.78+1.51 64.61+1.08 35.79+1.72
500 64.83+1.72 56.88+1.01 29.79+1.94
750 46.82+1.94 40.87+1.06 25.59+0.99
1000 39.84£1.92 33.24+1.76 18.69+1.91
1250 31.66+1.86 29.83+1.81 16.49+1.51
1500 30.42+1.83 25.81+1.81 3.78+1.72
2000 18.97+1.08 14.35+0.99 3.59+1.94
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Figure 6. Cytotoxicity in terms of cell viability (%) of the PPF nanoparticles as
compared to free Paclitaxel

Conclusion

In this study, Paclitaxel loaded PPF nanoparticles were prepared by double
emulsion-solvent evaporation method using PVA, Soluplus®, and mixtures of PVA
and Soluplus® as stabilizers and characterized for their physiochemical
properties. Following the characterization, formulation (F4) was selected as the
best formulation on the basis of its characterization. Furthermore, the selected
formulation was further characterized for their morphological properties using
transmission electron microscopy (TEM) and scanning electron microscopy (SEM).
Polymeric nanoparticles were observed to be spherical in TEM and SEM images. It
was found that at the end of 48 hours, the cumulative amount of drug released
from lyophilized paclitaxel loaded polymeric nanoparticles, in formulation F4, was
75.1020.11 %, which was higher than that released from other formulations.
From the in-vitro drug release kinetics studies for formulation F4, R2 values were
found more linear in Korsmeyer-Peppas plot (0.977) followed by zero order
kinetics (0.974). Based on the Korsmeyer-Peppas plot, the drug release exponent
(n value) was less than 0.5, indicating a Fickian diffusion’ of the drug from the
matrix type nanoparticle formulation, as indicated by the results. On the basis of
in-vitro drug release study the formulation F4 was selected as the best and
optimum nanoformulation. The PPF-NPs also demonstrated superior cytotoxicity
potential as compared to PLGA NPs as well as free Paclitaxel. Hence it can be
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concluded that Paclitaxel loaded PPF nanoparticles may act as an effective and
promising anticancer drug delivery system.
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