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ABSTRACT

Background: Triple-Negative Breast Cancer (TNBC) presents a significant clinical challenge due
to its aggressive nature and limited therapeutic options. A promising treatment strategy involves
targeting Epidermal Growth Factor Receptor (EGFR) signaling and PI3K/Akt/mTOR pathways
that are hyperactivated in many breast carcinomas. In our study, we aimed to develop a drug

delivery system utilizing Paclitaxel (PTX) bio-conjugated with mammalian Target of Rapamycin
(mTOR) small interfering RNA (siRNA) nanoparticles, which were further conjugated with EGFR to
specifically target TNBC cells. Materials and Methods: The nanoparticles were synthesized using
a precipitation method followed by solvent evaporation. They were characterized for size, shape,
entrapment efficiency, and drug release kinetics. Additionally, we assessed their cytotoxicity,
migration assay, and siRNA binding efficiency using gel retardation. Results: The results showed
that the EGFR-mTOR siRNA-loaded immuno nanoparticles had a mean size of 186.6 nm with a
zeta potential of 46.57+12.3 mV and an entrapment efficiency of 76.3+3.6%. Gel retardation
assays confirmed the integrity of mTOR post-conjugation with mTOR immuno nanoparticles.
The anticancer activity of mTOR immuno nanoparticles was evaluated using MDA-MB231 and
MDA-MB468 TNBC cell lines, demonstrating significant cytotoxicity. The antibody-conjugated
immuno nanoparticles showed enhanced targeting specificity and efficacy against TNBC
cells. Conclusion: In summary, mTOR immuno nanoparticles exhibit potential as a targeted
therapeutic strategy for TNBC, providing enhanced effectiveness while reducing the adverse
effects associated with conventional chemotherapy. This novel drug delivery system's potential
to improve therapeutic efficacy and mitigate systemic toxicity underscores its translational
relevance in cancer treatment.

Keywords: Epidermal Growth Factor Receptor, Inmunonanoparticles, Nanoparticles, Paclitaxel,
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Cancer is characterized by the unregulated growth of abnormal
cells, leading to the formation of malignant tumours. The
primary cause of illness and mortality in most cancer patients is
the spread of tumour cells to nearby tissues and distant organs.!
Triple-Negative Breast Cancer (TNBC) is a formidable subtype
of breast cancer characterized by the absence of three distinct

(HER2). These receptors play vital roles in the growth and division
of breast cells. Consequently, breast cancer exhibits resistance to
hormone treatment and HER2-targeted medications, both of
which have demonstrated efficacy in treating other subtypes of
breast cancer.

TNBC comprises around 10-15% of the total incidence of breast

receptors: the Estrogen Receptor (ER), the Progesterone Receptor

cancer. According to projections, the breast cancer is anticipated
(PR), and the Human Epidermal growth factor Receptor 2 § "0 PTO) P

to emerge as the most prevalent form of cancer among women
in the United States in the year 2020. Additionally, it is expected
to rank as the second leading cause of mortality, following lung
cancer. Cancer has emerged as a significant concern in the field
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of public health, mostly attributable to its heightened incidence
and fatality rates. Multiple approaches can be employed in the
management of cancer, encompassing surgical interventions,
radiation therapy, chemotherapy, and targeted therapy.?
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The principal aim of chemotherapy is to either impede the
development of malignant cells or elicit direct cytotoxic effects
on them. Although chemotherapy is widely recognized as a
systemic approach to treating cancer, there are many alternate
non-systemic techniques available for its administration.’ As
a result; the administration of chemotherapy may lead to the
emergence of undesirable consequences, such as the formation of
oral ulcers, instances of emesis, and the manifestation of alopecia.
Various drug delivery techniques have been developed to address
the difficulties associated with chemotherapy.*

Paclitaxel (PTX) is a diterpenoid chemical and plant alkaloid
that is naturally obtained from the bark of the Pacific yew tree.
The compound demonstrates the characteristics of a white
crystalline powder, possessing a chemical formula of C_H, NO,,
and a molecular weight of 853.9 g/mol.> PTX is a pharmaceutical
compound employed for its anti-cancer characteristics. It is
specifically designed to selectively interact with microtubules,
which have a vital function in the construction of spindle fibers
during cellular mitosis. Microtubules play a vital role in the
preservation of cellular architecture, as well as in the facilitation
of cellular movement and transportation throughout the cell.
PTX serves as a stabilizing agent for microtubules, successfully
inhibiting their depolymerization process and, hence slowing
cellular division. Although the intravenous injection of PTX does
not facilitate its passage through the blood-brain barrier, it has
enhanced drug transport characteristics in local administration
when compared to other chemotherapeutic agents.® The
hydrophobic characteristic of PTX poses a difficulty when
considering its systemic administration.

The effectiveness of PTX, a frequently used therapeutic drug
for the treatment of TNBC, is impeded by the development
of resistance in patients with breast cancer.” In addition, it has
been observed that the conventional PTX formulation, known
as Taxol, is associated with significant hypersensitivity reactions
and neurotoxicity that restrict the dosage® The concurrent
administration of an inhibitor targeting the mammalian Target
of Rapamycin (mTOR) and PTX had a synergistic impact across
multiple breast cancer cell lines, resulting in the most favorable
synergistic outcome.

A novel formulation of polymeric nanoparticles was developed
with the objective of effectively encapsulating both PTX and
mTOR siRNA at an optimal synergistic ratio. The present
formulation was specifically developed for the simultaneous
delivery of both therapeutic agents to TNBC cells. The aim
of this study was to produce nanoparticles containing PTX
and mTOR siRNA that have the ability to selectively target the
Epidermal Growth Factor Receptor (EGFR) through the binding
of EGFR-targeted Panitumumab (PmAb) Fab fragments. The
application of fragment antigen-binding (Fab) as targeting
agents in nanoparticles can overcome the limitations associated
with the use of entire antibody-targeted nanoparticles. Fab
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fragments demonstrate decreased than
complete antibodies.”*® The objects in the question have reduced
dimension, so facilitating a greater concentration of targeting and
enhanced alignment of ligands. As a result, this leads to improved
cellular internalization, heightened efficacy, reduced interference
with the physicochemical characteristics and performance of the
nanoparticles.

immunogenicity

MATERIALS AND METHODS
Synthesis of PTX loaded PLGA nanoparticles

The Nanoparticle (NP) was synthesized wusing the
nano-precipitation technique, which has been previously
documented.'"? In the initial step, a 5 mg quantity of PTX was
solubilized in 5 mL of Dichloromethane (DCM). Subsequently,
a solution of 100 mg of poly(lactic-co-glycolic) acid (PLGA)
was dissolved DCM and subsequently combined with the
drug solution. Nanoparticles were generated through the
drop-wise injection of a drug-polymer solution into an aqueous
phase consisting of 12 mL of deionized water containing 2%
Polyvinyl Alcohol (PVA) and 0.25% tween 80. This injection
process was facilitated by sonification using an Ultra-Probe
Sonicator (QSonica, USA) operating at amplitude of 60 W for
duration of 5 min, while maintaining the system in an ice bath.
The NP suspension was permitted to undergo uninterrupted
stirring on a magnetic stirrer overnight at room temperature,
without being covered. This was done to facilitate the complete
evaporation of DCM and to promote the emulsification of the
nanoparticles. Following that, the nanoparticles were retrieved
using centrifugation at a speed of 1000 revolutions per minute
(rpm) for duration of 10 min. The nanoparticles underwent two
rounds of washing with distilled water to eliminate any residual
drug, followed by lyophilization as the final step. The desiccated
nanoparticles were preserved at a temperature of -20°C in order
to facilitate subsequent experimentation.

Anchoring of EGFR monoclonal antibody (mAb) to
the PTX- nanoparticles

The initiation of EGFR mAb conjugation on the surface of PTX
nanoparticles was carried out through the thiolation of the mAb,
as described previously.”” The EGFR mAb was immobilized on
the surfaces of nanoparticles by a three-step process using the
cross-linking agent m-maleimidobenzoyl-N-hydroxysuccinimide
ester (MBS). Initially, the PTX-NP was subjected to cross-linking
with MBS. Specifically, 5 mg of PTX nanoparticles were
dispersed in 1 mL of phosphate buffered saline (PBS) (pH 7.2).
Subsequently, the PTX nanoparticles were incubated with 1 mL
of MBS solution (containing 3.14 mg of MBS dissolved in 1 mL of
dimethylsulfoxide (DMSO) for duration of 1 hr at a temperature
of 20°C, while maintaining continual agitation. The subsequent
procedure involved the thiolation of anti-EGFR monoclonal
antibody. The third step was the utilization of 2-iminothiolane
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Figure 1: Scanning electron microscope (SEM) and transmission electron microscope (TEM). In SEM (A) PTX NP (B) PTX INP and TEM (C) PTX NP and (D) PTX INP.

(commonly known as Traut's reagent) to perform thiolation
of the EGFR monoclonal antibody. A total weight of 5.7 mg of
Traut's reagent was dissolved in 5 mL of PBS with a pH of 7.4.
Subsequently, 100 uL of a solution containing EGFR monoclonal
antibodies at a concentration of 1 mg/mL in PBS with a pH of
8.0 was combined with 4.2 pL of 2-iminothiolane. This mixture
was incubated for duration of 3 hr at a temperature of 20°C
while being continuously stirred. Subsequently, the thiolated
EGFR monoclonal antibody was conjugated onto the surfaces of
MBS-activated nanoparticles. The thiolated EGFR was anchored
onto the activated surface of the nanoparticles in the last stage
by combining the activated solution in equal proportions while
subjecting it to magnetic stirring for duration of 3 hr at ambient
temperature.

716

Generation of mTOR siRNA immunonanoparticles
(mTOR INP)

The PTX-EGFR NP (10 mg) was mixed in 2 mL of distilled
water. In order to immobilize mTOR siRNA onto the surface of
immunonanoparticles, a total volume of 500 uL of siRNA solution
(10 pg/mL in distilled water) was gradually added to 500 uL of
PTX-EGFR NP suspension. The resulting mixture was subjected
to sonication for 1 min, followed by incubation at a temperature
of 4°C. After the incubation period, the mTOR inhibitor
nanoparticles were separated by centrifugation at a speed of
13,000 revolutions per minute for 15 min at a temperature of
4°C. The mTOR inhibitor nanoparticles were washed 3 times
with distilled water to eliminate any unbound siRNA and store
at -20°C.
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Scanning Electron Microscope (SEM) analysis

The samples were examined for their size, shape, and surface
morphology using a scanning electron microscope (Hitachi
S-4700 FE-SEM, Tokyo, Japan). The preparation of the samples
involved the application of a small amount of nanoparticle
suspension onto the surface of a silicon wafer that was
subsequently subjected to a drying process and gold sputtering.

Transmission Electron Microscope (TEM) analysis

The analysis of nanoparticle morphology was conducted using
the transmission electron microscopy technique. The TEM was
employed to perform the sizing of the nanoparticle (Eindhoven,
The Netherlands). The samples were prepared by negative staining
method. Analysis was done on the polymeric nanoparticles
encapsulating PTX. A sample of the nanoparticle formulation,
measuring 50 uL was placed onto a parafilm surface. The
specimens underwent a desiccation procedure on a carbon-coated
grid. Subsequently, the samples underwent negative staining by
immersion in an aqueous solution of phosphotungstic acid. After
the completion of the drying procedure, the specimen underwent
microscopic examination at various magnifications, ranging from
10 to 100000-fold, utilizing an accelerating voltage of 100 kV.

Measurement of the nanoparticle size, Poly
Dispersity Index (PDI) and zeta potential

The dimensions of nanoparticle were determined using the photon
correlation spectroscopy technique on the Zetasizer instrument
(Malvern, UK). The nanoparticles, which had undergone
freeze drying, were reconstituted by dissolving 10 mg of PTX
INP in 5 mL of distilled water. Subsequently, the reconstituted
nanoparticles were subjected to analysis using Zetasizer, at 25°C.
The measurement of diameter was conducted by analyzing the
autocorrelation function of the emitted light intensity originating
from nanoparticles. The same method has been implemented
for PLGA-PTX and PTX NP. The PDI serves as a quantitative
measure for assessing the degree of dispersion uniformity. It was
computed to assess the degree of uniformity in dispersion, with
values ranging from 0 to 1. A number in close proximity to zero
signifies a state of homogenous dispersion, whereas a value of

more than 0.7 indicates a high degree of heterogeneity.'>"

The zeta potential was measured to assess the surface charges
of the nanoparticles. The zeta potential serves as a significant
determinant of the stability of the colloidal dispersion. It serves
as an indicator of the extent of electrostatic repulsion that exists
between adjacent particles within a dispersion, which possess
identical charges. The samples were diluted using distilled water
and analyzed with Zetasizer at 25°C. The apparatus was utilized
with a Helium-Neon (HeNe) laser operating at a wavelength of
632.8 nm.
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Cell viability assay

The MDA MB 231 and MDA MB 468 cells were seeded at
2x10° cells/mL in a 6-well plate containing Leibovitz's media
supplemented with 10% v/v Fetal Bovine Serum (FBS) and 1% w/v
penicillin-streptomycin antibiotic combination. After subjecting
the cells to a 24 hr at 37°C, they were further grown under both
normoxic and hyperoxic conditions (with 5% CO,) until they
reached a confluence of between 70% to 80%. Following this, the
medium was substituted with a volume of 1 mL of medium devoid
of serum. In this study, PTX, PTX nanoparticles and PTX INPs
were employed at a concentration of 100 nmol/L. Following a 6
hr incubation period, the culture medium was substituted with
Leibovitz's medium supplemented with 2% serum. Subsequently,
the cells were cultivated at 37°C for 24 hr and 48 hr. The cells
were collected to measure their viability by Trypan blue exclusion
assay.

Encapsulating Efficiency (EE), drug release and drug
Loading Capacity (LC)

PTX is one of the most efficacious anticancer drugs. Nevertheless,
drug is frequently linked to occurrence of unfavorable outcomes
like neurotoxicity, myelosuppression, and hypersensitivity
responses. Nanotechnology provides a platform achieving
sustained release of PTX. This can be a potential strategy for
mitigating the adverse effects associated with its administration.
For the measurement of drug release, the equilibrium dialysis
method was employed.” Firstly, the effects of PLGA to PTX ratios
on percentage of cumulative drug were studied. Different ratios of
PLGA to PTX formulation (5:1, 10:1, 15:1 and 20:1) were studied.
Samples were collected from PBS (pH 7.4) at 37°C for 180 hr.

Secondly, further analysis was done to examine the kinetic
release of PTX from the nanoparticles at 37°C in PBS (pH 7.4).
The dialysis bag contained 1 mL of PTX nanoparticles (equal to
30 ug of the drug), namely PTX, PTX NP, and PTX INP. This
suspension was immersed in a 30 mL solution of PBS (7.4 pH)
and rotated at 80 rpm at 37°C in a water bath. The sample and
solution underwent centrifugation at predetermined time
intervals (0, 0.5, 1, 2, 3, 4, 6, 8, 16, 24, 48, 72, 96, 120 and 180 hr).
Subsequently, 200 uL of the resultant supernatant was collected
to measure the absorbance of PTX using UV-visible spectroscopy
at 228 nm. Subsequently, the acquired data was integrated into
the calibration curve to determine the concentration of the drug
that was delivered. The quantification of PTX produced in each
sample was accomplished by employing a calibration curve, and
the presented values represent the average of three samples. The
results of the in vitro drug release experiments were documented
and visually represented as a graph displaying the cumulative
percentage of drug release over time. The values for EE% and
LC% were determined using the following calculation method,
with a sample size of three (n=3).
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Entrapment efficiency (%) =

siRNA amount in loading buffer—siRNA amount in supernatant

x 100-—-F1

siRNA amount in loading buffer

) _ Total amount of entrapped siRNA
Total amount of NPs

Loading efficiency (% % 100———F2

In vitro cytotoxicity activity

The viability of MDA MB 231 and MDA MB 468 cells was
evaluated using the MTT (3-[4, 5-dimethylthiazol2-yl]-2,
5-diphenyltetrazolium bromide) assay. The impact of pure PTX,
PTX NP and PTX INPs on cell viability was investigated. The
nanoparticles were sterilized by filtration with a 0.2 m Millipore
syringe filter prior to in vitro analysis. The cells were cultured
in Leibovitz's L-15 modified essential medium, which was
supplemented with 10% fetal bovine serum, as well as penicillin
(100 units/mL) and streptomycin (100 pug/mL). The cells were
maintained at 37°C in a humidified 5% CO, incubator. In this
experiment, triplicates of 8x10* cells per milliliter were seeded in
each well of 96-well microtiter plates. The plate was then placed
in a 5% CO, incubator and cells were grown 24 hr. Following
incubation, a dose-response analysis was performed by adding
100 mL solution comprising newly synthesized nanoparticles,
of different concentration growth medium. It was subsequently
treated for 48 hr."” Next, 20 uL of MTT solution (5 mg/mL in
PBS) was added into each well and incubated for 4 hr. After the
incubation, the solution containing MTT was replaced with 200
1L of DMSO to aid in the breakdown of formazan crystals. The
absorbance values obtained were subsequently measured using a
microtiter plate reader (Tecan, United Kingdom) at a wavelength
of 540 nm, with a reference wavelength of 630 nm. The
dose-response curve was plotted based on the absorbance values
of the experimental group (cells subjected to treatment) and the
control group (cells not subjected to treatment) according to the
formula provided.

Gel retardation assay

The stability of mT'OR was validated by incubation in FBS. In this
analysis 200 pL volume of PTX INPs containing 5 ug of mTOR
was subjected to incubation at 37°C. This incubation was carried
out alongside an equal volume of Leibovitz medium that had
been supplemented with FBS final concentration of 50% v/v. Each
dilution measuring 20 puL was collected at six different time points
of 24, 48, 72, 120, 144 and 168 hr. Immediately after incubation,
1 uL of 0.5 M EDTA solution was added to the solution in order
to inhibit deterioration. The sample was then separated by 1%
agarose gel electrophoresis as described by Gandhi et al. (2018).'
Following the electrophoresis, bands separated were captured
with the Biorad multi-image ChemiDoc XRS (California, United
States). Subsequently, the acquired images were subjected for
analysis with the Biorad Image lab software version 3.0.
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RESULTS

In the TNBC therapy, PTX remains the predominant
chemotherapeutic drug utilized in the early management.
However, the effectiveness of PTX in the treatment of TNBC is
impeded by its lack of specificity, limited solubility in water-based
environment, high toxicity tendency to lead to ineffective
treatment, drug interactions, and unfavorable physicochemical
properties that hinder the development of a suitable delivery
system.”” The restricted ability of PTX to pass through the
blood-brain barrier (BBB) is a substantial limitation to their
potential effectiveness in treating brain malignancies. The BBB
is characterized by the presence of endothelial cells that have
elevated impermeability as a result of establishment of tight
junctions. Additionally, the BBB is characterised by the existence
of enzymatic activity and active efflux transport mechanisms.
The aforementioned mechanisms combined serve to limit the
transportation of molecules just to those that are selectively
and indispensably necessary.’* A wide range of advanced drug
delivery technologies, including as nanoparticles and liposomes
have undergone thorough investigation and refinement in order
to enhance the transport of pharmaceuticals that are typically
unable to permeable of BBB. Nanoparticles coated with PLGA
and Tween 80 have exhibited the capability to effectively cross
the BBB and have been utilized for the delivery of drugs with
restricted permeability.’”** The phenomenon known as the burst
effect is a common challenge observed in controlled release
particulate drug carriers, wherein there is an excessive release of
drugs from the polymer matrix of particles into the dissolving
fluid during a relatively little duration.

Electron Microscopy Analysis

Scanning Electron Microscopy (SEM) was employed to analyze
the surface morphology of both PTX NP and PTX INP. The SEM
analysis revealed that the PTX NP formulated with PLGA and
PVA exhibited a well-defined spherical shape with a consistently
smooth surface (Figure 1). The range of particle sizes seen in
the distribution was between 200 nm to 10 pm, with a notable
abundance of nanoparticles sizes of 200 nm. The nanoparticles
exhibited a uniform size distribution of 200 nm and possessed a
smooth surface. They exhibited a uniform, sleek, and spherical
nature, as evidenced by the surface morphology analyses
illustrated in Figure 1.

The particle size and zeta potential of the produced nanoparticles
were assessed, and the results are shown in Figure 1 for the SEM
and the TEM pictures of PTX NP and PTX INP. The particle size
of formulation with PLGA and PTX was found to be 143.53+1.83
nm, with a polydispersity index of 0.43+0.12. The zeta potential
measurements exhibited a range of between -27.65 (+11.4) to
-46.57 (£ 12.3).

The nanosuspension exhibited enhanced homogeneity, as
evidenced by the reduced polydispersity index observed with
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PTXINP. Zeta potential is the method for the measurement of the
electrostatic potential at the electrical double layer surrounding a
nanoparticle in solution. This is referred to as the zeta potential.
Nanoparticles with a zeta potential between -10 and +10 mV are
considered approximately neutral, whereas the values of greater
than +30 mV or less than -30 mV are considered as strongly
cationic and strongly anionic, respectively.

The zeta potential offers valuable information regarding the
physical stability of a formulation, particularly with regards to
the surface charge exhibited by the particles. The presence of
surface charge is a crucial factor in regulating the stability of
the nanoparticle formulation through the promotion of robust
electrostatic repulsion among particles. The use of zeta potential
analysis makes it feasible to estimate the major constituent
that has the most influence on the surface of a particle. In this
study, there was substantial increase the surface charge of PLGA
nanoparticles, whereby PTX INP had the higher zeta potential
than PTX nanoparticles. The reduction in the negative charge
can be ascribed to the shielding effect of carboxylic groups by
the drug molecules located on the surface of the particles . Data
obtained indicated an increase of polymer concentration resulted
in a significant rise in EE from 42.3% (PTX NP 5:1) to 83.8+4.7%
(PTX NP 20:1) with negligible impact on LC (Table 1). This
could be due to the low polymer content, which allows for easy

PTX leakage. In addition, a higher PLGA content resulted in a
significantly lower burst release. Thus, facilitating gradual drug
release for distribution within 180 hr (Figure 5). Moreover, high
PLGA concentration results in a higher density of nanoparticles
that enable better drug incorporation, delayed release, and slower
disintegration.

TNBC growth inhibitory activity by the PTX INP and
PTX NP

Chemotherapy elicits substantial adverse consequences, even
when utilized in conjunction with other pharmacological
drugs. The potential to address the adverse effects by means of
dosage reduction is demonstrated through the development
of nanodelivery systems. To achieve the desired outcome, the
study utilized the nanoprecipitation method to encapsulate
EGFR and mTOR siRNA for generating PTX INP formulation.
This approach effectively enhanced the therapeutic efficacy of
PTX. Findings revealed that the PTX INP exhibited an increased
inhibitory effect on both cell lines. For MDA MB 231 the value
reduced from 2.5 nM to 1.8 nM with PTX INP than PTX NP
(Figure 2A). Similarly for MDA MB 468 the value reduced from
3.8 nM to 2.6 nM (Figure 2B). There was a considerable reduction
observed in the IC, values for both PTX INP and PTX NP. The
IC,, value for PTX NP decreased by a factor of three, while for
PTX NP it was lowered by a factor of four. The application of 10

Table 1: Comparison of averaged particle size, polydispersity index, zeta potential, encapsulating efficiency and loading capacity with different
formulations of nanoparticles. Each value is represented by mean+SD (n=3).

Formulation Particle size (nm) PDI Zeta potential (mV)  EE (%) LC (%)
PTX NP (20:1) 168.71+1.62 0.37+£0.24 -32.51+9.4 83.8+4.7 7.8+0.14
PTX NP (15:1) 174.35+ 2.71 0.46% 0.37 -33.76+ 6.8 73.5+ 3.8 6.93+0.17
PTX NP (10:1) 188.05+ 3.54 0.52+ 0.28 -39.62+ 4.2 547+ 4.2 6.42+ 0.36
PTX NP (5:1) 231.64+ 2.19 0.68+ 0.12 -51.49+ 7.4 42.3+ 3.69 5.03+ 0.62
PTX INP 186.57+2.31 0.29+0.09 -46.57+12.3 87.3%£3.6 8.9+0.43
MDA MB 468 B MDA MB 231
120
120
100 il
S
E 80 g 80
Z 60 £ 60
2 g
% 40 2 40
20 E 20
0
0
0 2 4 6 8 10 220
Concentration (nM) Concentration (nM)
~+— PTX NP (10nM) PTX-INP (10nM) ~+— PTX INP (10nM) PTX-NP (10nM)

Figure 2: Dose-dependent inhibitory effect of PTX NP and PTX INP (A) MDA MB 231 and (B) MDA MB 468. All experiments were done in
triplicates. Data is presented as mean+SD (n=3).
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PTX INP

MDA MB 231 |

MDA MB 468 |

Figure 3: Images of the cell death induced by different formulation. Comparison on toxicity effect in MDA MB 231 and MDA MB 468 with
treatment of the PTX, PTX NP and PTX INP after 24 hr suggest PTX INP was the most cytotoxicity. Images were taken at 400X magnifications
under a phase contrast microscope.

nM PTX INP and PTX NP led to a further led to a reduction in
the IC, of PTX to 0.7 nM for MDA MB 231 cells and 1.2 nM for
MDA MB 468 cells, as illustrated in Figure 2A and 2B. The little
cytotoxicity of PTX INP was observed. This phenomenon can be
attributed to the endocytosis effect. Study suggested that the MDA
MB 231 and MDA MB 468 cells exhibited a fast uptake of PTX
in the form of PTX INP that contained a higher concentration
of PTX compared to free PTX. This feature of the formulation
enhanced the cellular uptake of PTX and induced high cytotoxic
activity. The potential effectiveness of administering low dosages
would address the detrimental effects as reported in the clinical
settings. The findings offer supporting evidence of a synergistic
therapeutic effect of the PTX INP formulation for further
evaluation on TNBC.

Morphological changes induced by the formulation

In addition to the observed decrease in cell viability, as
determined using the MTT assay, the combination treatment
resulted in significant cell death within the wells after a 24 hrs
period, in comparison to cells treated with other formulations
(Figure 3). These results gathered from the MTT assay
consistently correlated with the cell death analysis. Furthermore,
morphological alterations were seen in both cell types after the
administration of nanoformulations. By employing tubulin
labeling, visualization of the control samples showed that the
cells were initially spherical shaped and they transformed into
a more fibroblast-like morphology (Figure 3). Nevertheless, the
treated cells exhibited a noticeable reduction in the number of
cells compared to control cells.

Effect of PLGA to PTX ratio on percentage of
Cumulative Drug Release (CDR)

The release curves of PTX exhibited the importance of polymer to
drug ratio for drug release studies. There was a clear correlation,

720

indicating that a polymer to drug ratio of 5:1 yielded 92.3+2.1%
drug releases by 48 hr. Comparison with the lower ratio of 10:1
and 15:1 ratio indicated that the drug release was lower achieving
84.7+3.5% and 78.2+4.1% respectively (Figure 4). In contrast,
high ratio of 20:1 significantly decelerated drug release profile
to 52.6+3.4% by 48 hr. These differences can be ascribed to the
significant encapsulation efficiency of the drug and the minimal
swelling behavior of the polymer in the release medium. These
characteristics contribute to a gradual diffusion of drug particles
from the polymeric matrices.

The release kinetics of PTX from the nanoparticles exhibited
a biphasic profile that was similar to previous studies.'>* The
biphasic pattern was characterized by an initial rapid release
within the 24 hr and followed by a sustained release at a slower rate
over 8 days. A notable first burst release can be elucidated by the
swift disintegration of polymer and subsequent release associated
with the PTX adhered to the surface of the nanoparticles.

The investigation focused on examining the release kinetics of
PTX INP at a temperature of 37°C in phosphate-buffered saline
(pH 7.4). The objective was to assess the suitability of PTX INP
as a carrier for the PTX. The experiments were conducted under
submerged settings, with the dialysis medium being regularly
replaced to maintain the desired environment. Figure 5 illustrates
the in vitro release profile of PTX INP with a drug loading of
10%. The findings indicated that around 50% of PTX was released
during the first 24 hr period, followed by a consistent release
pattern that persisted until the tenth day. The observation that
80% of the PTX was released after a span of 10 days served as
evidence for the potential efficacy of nanoparticles as a sustained
drug delivery system. Furthermore, it should be noted that
PTX INP nanoparticles exhibited long-term stability in liquid
settings mimicking physiological blood pH by maintaining their
structural integrity for a duration of 10 days.
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Figure 4: Effect of PLGA to PTX ratio on percentage of cumulative drug release. Different ratios of PLGA: PTX formulations
(5:1, 10:1, 15:1 and 20:1) were studied. Samples were collected from phosphate buffer saline (pH 7.4) at 37°C for 180 hr.
Values presented are mean=SD of triplicates.
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Figure 5: Effect of different nanoparticles formulations on percentage of cumulative drug release. Comparison of release
pattern by the (PTX, PTX NP and PTX INP) in phosphate buffer saline at 37°C for 120 hr. Values presented as mean+SD of
triplicates.

Gel retardation assay

The gel retardation assay provides evidence of the binding affinity
of the PTX NP to form a complex with mTOR siRNA. In this assay,
the PTX INP underwent experimentation with different mass
ratio (MR), where MR is defined as the ratio of micrograms of
NP to micrograms of siRNA. The findings of the study
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demonstrated that the stability and integrity of PTX INP were
maintained during the formulation process. Additionally, the
study revealed that mTOR was effectively encapsulated on
PTX NP (Figure 6). The results indicated that the binding and
complexation of mTOR were not affected by the formulation
method, chemical usage, or environmental factors such as
temperature variation.
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mTOR (290 bp)

B-Actin (42 bp)

Figure 6: Gel retardation analysis of mTOR for ability to form a complete complex with PTX
INP. L1, L2 and L3 indicates ladder, free mTOR and PTX INP respesctively. The 3-actin was used
as control.

DISCUSSION

PTX is considered to be one of the most efficacious anticancer
drugs. In the realm of clinical practice, it has been shown that
the medicine is frequently linked to a significant occurrence of
unfavorable outcomes, such as neurotoxicity, myelosuppression,
and hypersensitivity responses. The proposal of employing PTX
INP for the purpose of achieving sustained release of PTX has
emerged as a potential strategy for mitigating the adverse effects
associated with PTX administration.

The studies showed PTX INP synthesised with PLGA and PVA
had a well-defined spherical shape and a consistently smooth
surface. This indicates that the formulation of PTX INPs is more
homogeneous than the others. The optimised formulation, which
ensures a constant dispersion of PTX within the nanoparticles
and decreases variability in drug loading efficiency and particle
size. Furthermore, with the utilization of zeta potential analysis, it
becomes possible to estimate the primary constituent that exerts
the greatest influence on the surface of a particle. The presence of
surface charge plays an important role in maintaining the stability
of the nanoparticle formation by promoting strong electrostatic
repulsion among particles.

Nanoparticles exhibiting a high zeta potential are associated
with enhanced stability. These nanoparticles demonstrated a
reasonable level of homogeneity, exist as distinct entities without
aggregation and can be readily dispersed. Taken together, the
nanoparticles had a spherical morphology with nano size range.
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This was further validated by the utilization of TEM and result is
provided (Figure 1).

The particle size distribution pattern is a crucial factor in
determining the behavior of drug release, the appropriateness
of particles for intravenous administration, and their destiny for
in-vivo injection. The advantage of the small size nanoparticles
with 200 nm enables their extravasation. Thus, facilitating their
accumulation at tumour sites and impeding their filtration by
the spleen. Moreover, the sterilization can be done by employing
filter prior testing for in vivo and in vitro studies. An increase in
the PDI of the formulation was seen as the ratio of polymer to
drug decreased. This suggests that the formulation of PTX INPs
demonstrates better homogeneity that the other formulations. This
can be attributed to the optimised formulation, which provides a
consistent dispersion of paclitaxel within the nanoparticles and
reduces variations drug loading efficiency and in particle size.”

Generally, cell membranes are negatively charged, as such zeta
potential can affect a nanoparticle’s tendency to permeate
membranes. Consequently, cationic particles exhibit more
toxicity than anionic particles as they are associated with causing
disruption of the cell membrane.

It has been reported that an augmentation in the quantity of
drug loaded onto the surface of nanoparticles can result in
enhanced the rate of drug release. Additionally, it was noticed
that nanoparticles exhibiting the highest degree of encapsulation
demonstrated a more protracted and regulated pattern of release.
A notable disparity was seen in the nanoparticle release kinetics
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when comparing the PTX immunonanoparticle formulation was
compared to the other formulations.?

The assessment of their interaction with the cell membrane
in vivo is an essential element. The potential for the controlled
release of PTX from those nanoparticles, which might potentially
be attributed to the process of diffusion, facilitated by the
partitioning between the nanoparticle core and the surrounding
liquid phase. The study, MDA MB 231 and MDA MB 468 cells
absorbed PTX in the form of PTX immunonanoparticle at a
faster rate than free PTX. The finding provides significant
evidence to support the notion that the simultaneous injection of
PTX INPs efficiently suppressed the proliferation of TNBC cell.

The dimensions and electrostatic properties of the PTX
immunonanoparticle nanoparticles remained very stable over
a period of 6 hr (Figure 6). The complexes displayed a hydro
dynamic diameter spanning from 100 nm to 350 nm and featured
a surface with a positive charge (Figure 1b). Furthermore, it
was observed that the application of modified mTOR led to an
improvement in MRs, which can be associated with the decreased
in particle size and the simultaneous increase in net charge. The
lack of smeared or fragmented bands on the gel suggests that
siRNA from the PLGA nanoparticles was intact. This implies that
the nanoparticles preserved the encapsulated siRNA's structural
integrity and prevented it from being released prematurely into
the serum.*

CONCLUSION

The study was able to formulate a novel PTX immunonano
particle drug delivery method with PLGA and siRNA
conjugated with EGFR for controlled release. It demonstrated
anti-proliferative activities against MDA MB 231 and MDA MB
468 cells. The nanoparticles were homogeneous and spherical
nanoparticles with high stability in physiological condition. Due
to their lower toxicity than cationic lipid or polymer vectors,
siRNA and antibody-based vectors are attractive gene delivery
systems. Polymeric-based gene transfer nanoparticles can rapidly
stimulate the innate immune response after local and systemic
delivery. These compounds are also more likely to damage cells.
Our in vitro studies showed that PTX immunonanoparticle
was low toxicity nano delivery platform with mTOR and EGFR
complexes on it. This study introduced modified amphiphilic PTX
immunonanoparticle for breast-targeted mTOR administration
in many in vitro settings. As with previous cationic delivery
systems, these positively charged modified PTX NP engage
electrostatically with negatively charged siRNAs. In this study,
the self-assembling nanoparticle system bound and complexed
with PTX NP-targeted siRNAs to generate nanoscale, positively
charged particles. By improving interactions, low particle size and
improved surface charge can help to boost cellular absorption.
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BC: Breast cancer; CDR: Cumulative drug release; DCM:
Dichoromethane; DMSO: Dimethyl sulphoxide; EDTA:
Ethylenediaminetetraacetic acid; EE: Entrapment efficacy;
EGFR: Epidermal growth factor receptor; ER: Estrogen receptor;
HER2: Human epidermal growth factor receptor 2; INP:
Immunonanoparticles; LC:Loadingcapacity; mTOR: Mammalian
target of rapamycin; MTT: 3-[4, 5-dimethylthiazol2-yl]-2,
5-diphenyltetrazolium bromide); MBS: m-Maleimidobenzoy
1-N-hydroxysuccinimide ester; NP: Nanoparticles; PLGA: Poly
(lactic-co-glycolic acid); PmAb: Panitumumab; PTX: Paclitaxel;
PVA: Polyvinyl alcohol; SEM: Scanning electron microscope;
TEM: Transmission electron microscopy.
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