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ABSTRACT

Background: Catharanthus roseus (CR) shows promising anticancer
activity. However, there is limited information on its polymeric
formulation. Objectives: Therefore, current study aimed to characterize
poly(lactic-co-glycolic acid (PLGA) CR nanoparticles and determine its
effects on resistant human epidermal receptor 2 (HER2)-overexpressed
breast cancer cells. Methods: PLGA-polyethylene glycol (PEG) CR
nanoparticles were synthesized using the solvent displacement method
and characterized using ultraviolet-visible spectroscopy (UV-VIS),
Fouriertransform infrared spectroscopy (FTIR), dynamic light scattering,
transmission electron microscopy (TEM), zeta potential, encapsulation
efficiency, and drug release experiments. Cytotoxicity was done using
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium (MTS) assay. Protein expression was done with a gel image
analyzer. Cell morphological changes were viewed under phase-contrast
microscope. Results: TEM images showed the nanoparticles were
spherical and size less than 100 nm. FTIR results indicated encapsulation
of CR based on the presence of 3327 cm™', 1637 cm~', and 1066 cm™'
peaks. Encapsulation efficiency was >60% in both formulations.
However, pluronic F68 PLGA-PEG CR nanoparticles showed a gradual
release of CR compared with polyvinyl acetate (PVAc). The cytotoxicity
assay showed that the half-maximal inhibitory concentration of the
CR nanoparticles generated with F68 and PVAc was lower (42-58 ug/
mL) on tamoxifen-resistant cells compared with parent cells (99-147
ug/mL). Further analysis using CR nanoparticles with F68 exhibited
downregulation of HER2 expression and induced apoptotic features
based on morphological changes. Conclusion: These findings suggest
that PLGA-PEG nanoparticles could retain the cytotoxic effects of CR.
Key words: Catharanthus roseus, breast cancer, HER2, PLGA-PEG
nanoparticles, pluronic F68, polyvinyl acetate

SUMMARY
e Findings from the present study indicated that both formulations of
PLGA-PEG CR nanoparticles exhibited effects, however, PLGA-PEG CR G68

INTRODUCTION

Human epidermal receptor 2 (HER-2)/neu is an oncogene that is
amplified in human-derived breast cancer cells. A study of primary
human breast cancer patients indicated that the HER-2/neu to be
amplified from 2-fold to more than 20-fold in 30% of the tumors.!!
Existing therapies involve use of the anti-HER2 class of drugs, such as
lapatinib, pertuzumab, and T-DM1. Nevertheless, this subtype exhibits
drug resistance,”” which highlights the need to explore new and
complementary therapies.

Natural plant compounds contain numerous medicinal properties. One
of the plants of interest in cancer research is Cathranthus roseus (CR)
due to its anticancer potential. It is important to conserve its natural
compounds to preserve their bioavailability and potency for therapeutic
outcomes. Nanotechnology increasingly is being used to create carriers
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showed sustained release compared with PLGA-PEG CR PVAc. Furthermore,
there was downregulation in the expression of fHER2 by PLGA-PEG CR F68.
Further investigation is needed to confirm its underlying targeting mechanism
in HER2-overexpressed breast cancer cells.
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Abbreviations used: CR: Catharanthus roseus; DLS: Fouriertransform
infrared spectroscopy; EE: Entrapment efficiency; F68: Pluronic F68; FTIR:
Fouriertransform infrared spectroscopy; HER2: Human epidermal receptor
2; PEG: Polyethylene glycol; PLGA: poly(lactic-co-glycolic acid); PVAc:
Polyvinyl acetate; rpom: Rounds per minute;
TEM: Transmission electron  microscopy;
UV-VIS: Ultraviolet-visible spectroscopy.
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of chemotherapeutic drugs in clinical trials. Nanoparticles facilitate
improved delivery of drugs that are less soluble in water.” Drug-bonded
nanoparticles may increase cytotoxicity in cancer cells.” Studies have
shown that polymeric nanoparticles are suitable drug carriers for
clinical use.®! Importantly, they exhibit promising characteristics, as
they are biocompatible, non-toxic, biodegradable, stable, and provide
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controlled drug release and targeted delivery with high therapeutic
efficacy.*

Synthetic polymers have higher purity and reproducibility than
natural polymers. The polyester family consists of poly(lactic acid),
poly(e-caprolactone), and poly (glycolic acid). They are widely used
due to their biocompatible and biodegradable properties. Among the
polymers, poly (lactide-co-glycolide) (PLGA) has gained considerable
interest, and the US Food and Drug Administration has given approval
for use in human therapy.'*""! Chemical characteristics of the active
compound, organic solvents, polymer, and surfactant are key parameters
in the synthesis of PLGA nanoparticles.?

Polymeric nanoparticles are versatile drug carriers that allow
administration, transportation, and delivery of drugs."” Because
nanoparticles are not taken up by the reticuloendothelial system, they
accumulate at the targeted site and confer enhanced permeability
and retention. In addition, their biocompatible hydrophilic corona
provides stealth properties. Several studies reported that their usage
resulted in fewer side effects of the anticancer drugs, higher drug loading,
minimized drug degradation, and thus better drug bioavailability, and
increased cellular uptake.!'>1¢!

During the synthesis of nanoparticles, amphiphilic surfactants are used
to reduce surface tension.!'” Surfactants are also used to stabilize the
structure of the organic droplet. Commonly used surfactants include
polyethylene glycol (PEG), Tween-80, gelatin, dextran, pluronic
L-63, polyvinyl alcohol (PVA), and didodecyl dimethyl ammonium
bromide."” Pluronics are nonionic and water-soluble materials that
are used in the pharmaceutical industry."® In the aqueous condition,
pluronics can form micelles and thus are used in the solubilization
of drugs." Nanoparticle preparation using the evaporation method
requires use of a surfactant. Pluronic F68 is one of the most common
surfactants used, and Kerleta et al. (2009)” reported that it facilitates
the interaction between nanoparticles and cells.

Another commonly used type of surfactant is polyvinyl acetate (PVAc).
It is a hydrophobic polymer that is widely used in the pharmaceutical
industry.™™ It is used in the healthcare field because of its
biocompatibility.?!! Hydrogels such as PVAc containing the carboxyl
group show biocompatibility in humans.? It is an inert polymer and
does not have adverse effects. Histological investigation of embolized rat
kidneys indicated no damage to the vessel wall and no recanalization
throughout the 6-month study period.?”! Previously, doxorubicin and
sorafenib were coencapsulated in transferrin-functionalized PVAc
core-albumin shell nanoparticles. It resulted in higher cytotoxicity (92%)
than free drugs (50%) and nontargeted core-shell nanoparticles (63%).124

To date, anti-HER?2 targeted therapies still show poor overall survival
because of de novo or acquired resistance.” Hence, the development
of new natural product-derived therapies using PLGA and suitable
surfactants may conserve its activity and overcome resistance when used
along with existing targeted therapies. Therefore, the purposes of this
study was to synthesize PLGA-PEG CR nanoparticles with conserved
bioavailability to treat resistant and parent HER2-overexpressed breast
cancer cells.

MATERIALS AND METHODS

Preparation of the CR aqueous extract

CR leaves were collected from Bagan Ajam, Pulau Pinang. The CR leaves
were air-dried in a universal oven (Venticell, Miichen, Germany) at
40°C, then the dried leaves were homogenized with a grinder to form a
fine powder. Fifty grams of the powdered leaves were then dissolved in
1 L of distilled water, and extraction was performed at 40°C for 24 h in
a shaker water bath. After extraction, the sample was then centrifuged
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at 14,000 rounds/min (rpm) at 25°C for 15 min. The supernatant then
was transferred into a tube and freeze-dried using a freeze dryer (Eyela,
Bohemia, NY, USA) at -20°C. The CR leaves used in this study have
been previously optimized and characterized.”? The CR aqueous extract
was first standardized by analyzing their active compounds using liquid
chromatography/time-of-flight ion trap mass (LC-TOF/MS). The data
indicated the presence of 13 indole alkaloids. The summary of the
compound analysis of C. roseus aqueous extract.

Synthesis of nanoparticles

In the synthesis of nanoparticles, two types of surfactant were studied:
PVAc and pluronic F68. The nanoparticles containing the CR aqueous
leaf extract were synthesized using the solvent displacement technique
with a modified method.?” A total of 45 mg of the polymer PLGA-PEG
was added to 12.5 mL of acetone containing 5 mg of CR extract powder.
An aqueous solution of 5 mL containing 50 mg of surfactant (either
PVAc or F68) was adjusted to pH of 3.5. The organic solution was then
poured into the aqueous solution under magnetic stirring for 5 min.
Acetone was removed from the nanoparticle plant extract (PLGA-PEG
CR NP) mixture using a rotary evaporator at 70°C and pressure starting
at 500 pHa. The mixture was then centrifuged at a speed of 10,000 rpm
for 15 min. After centrifugation, the pellet was collected and it was dried
in an oven at 40°C.

Ultra violet-visible (UV-Vis) Spectroscopy

Size of the nanoparticles was characterized using UV-VIS absorption
spectroscopy.® The absorbance of each component (solvent, polymer,
surfactant, plant extract, and the mixture of nanoparticless) was analyzed
using a Cary 60 UV-VIS spectrophotometer (Agilent Technologies, San
Diego, CA, USA).

Fourier transform infrared (FTIR) spectroscopy

FTIR spectroscopy was used qualitatively identify functional groups
present in the samples. Readings were recorded in the spectral range
from 600 to 4000 cm™ using a Frontier spectrometer (Perkin Elmer,
Massachusettes, USA).

Dynamic light scattering (DLS)

DLS is suitable technique to measure the size and its distribution by
photon correlation spectroscopy at room temperature and uses water as
the suspension medium." In this study, the mixture of nanoparticles
was analyzed using a Zetasizer Nano ZS DLS instrument (Malvern,
UK). DLS measures the size of particles and the hydrodynamics
of the surface coating. Zeta potential is a measure of the charge of
the synthesized nanoparticles. Data obtained were analyzed using
Zetasizer Software and reported as mean of triplicate measurements.

Transmission electron microscopy (TEM)

TEM was performed for evaluating the size and morphology of the
nanoparticles studied. A drop of the mixture of nanoparticles was placed
onto a carbon-coated copper grid using self locking forceps and left for
3 min. Next, the excess mixture was carefully removed with paper wipes
and left for 1 min. Subsequently, phosphotungstic acid solution (1%) was
used for negative charge staining and left for another minute. Finally, the
stain was left to dry for 5-10 min prior to viewing under the TEM (Zeiss,
Oberkochen, Germany).

Percentage of encapsulation efficiency (EE)

EE is one of the most important factors that must be considered when
utilizing polymer nanoparticles.” Therefore, the percentage of EE
was studied. PLGA-PEG CR nanoparticles were sonicated for 1 min
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and then centrifuged for 20 min at 14,000 rpm. The supernatant was
used to quantify the total of free drug in the sample. Amount of CR
extract encapsulated was determined using UV-VIS spectroscopy and
was based on a standard curve. Percentage of EE was calculated as
follows:

EE (%) = [(Concentration of initial drug — Concentration of free drug)/
Concentration of initial drug] x 100

Drug release

The in vitro drug release was measured using the dialysis method.
Nanoparticles were placed into a dialysis bag, which then was sealed.
It was placed in a beaker that contained 15 mL of phosphate buffer
saline (PBS, pH 7.4) and continuously stirred at a speed of 100 rpm at
37°C. Next, at a specific time, 1 mL of the PBS (pH 7.4) in the beaker
was withdrawn for sampling, and absorbance was measured with the
UV-VIS spectrometer. One milliliter of fresh PBS (pH 7.4) was placed in
the beaker to replace the withdrawn volume. Absorbance readings were
plotted to generate a standard curve, and the percentage of drug release
was calculated as follows:

Percentage of drug release (%) = Concentration of drug released x 100/
Concentration of drug entrapped

Cytotoxicity assay of nanoparticles

HER2-overexpressed parent cell line (UACC732) was purchased from
American Type Culture Collection (ATCC). The tamoxifen-resistant
cells were developed using the pulse method as reported.t Cells were
cultured in Roswell Park Memorial Insitute (RPMI) medium (Nacalai
Tesque, Kyoto, Japan) and supplemented with 10% fetal bovine serum
and 1% penicillin-streptomycin (Nacalai Tesque, Kyoto, Japan).
Cytotoxicity assay was done to determine the half-maximal inhibitory
concentration (IC,)) of nanoparticles synthesized with PVAc and
pluronic F68 with the CellTiter 96° AQueous nonradioactive cell
proliferation assay (Promega, Madison, WI, USA). First, 3 x 10° of
each type of UACC732 cells per well were seeded in a 96-well plate,
with each well containing 100 pL of complete culture medium.
Cells were left overnight to grow and adhere prior to treatment with
nanoparticles. Cytotoxicity to UACC732 cells of both formulations
of nanoparticles at different concentrations was tested for 72 h. After
treatment, the cell culture medium was removed before adding 100
UL of fresh culture medium. In the next step, 20 puL of CellTiter 96®
AQueous nonradioactive cell proliferation assay reagent (Promega)
were placed in each well, followed by incubation at 37°C for 90 min
with 5% CO, in an incubator. Finally, absorbance was measured at
490 nm using an ELISA microplate reader (BioTek, Shoreline, WA,
Us).

Western blot analysis

The expression of HER2 was studied using the Western blot method.
Cells were treated with the IC, of PLGA-PEG CR F68 for 3 days prior
to extraction of protein. Total protein was quantified using the Bradford
assay. A total of 40 pg of protein was loaded in 7.5% SDS polyacrylamide
gel and electrophoresis was performed. Subsequently, protein samples
were blotted to the PVDF membrane. Detection of protein expression
was done using a primary antibody against HER2 (1:750 dilution).
Membrane was incubated with primary antibody overnight and later
treated with secondary antibody for an hour prior to viewing under
Bio-Rad gel imaging system. t-test analysis was performed to compare
mean differences between control and treatment groups using Statistical
Package for Social Sciences (SPSS) software.
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RESULTS
UV-VIS measurements

Synthesis of CR nanoparticles was performed using the solvent
displacement method. However, after 24 h no color change was
detected. Acetone, which acts as an organic solvent, was removed
by evaporation to avoid toxicity. The UV-VIS absorption spectra of
the compounds studied are provided in Figure 1. The raw extract of
CR exhibited peak absorbance between 235 and 250 nm, and peak
absorption of the positive control (the drug vinblastine) occurred
at 230 nm. The F68 nanoparticles exhibited peak absorbance at
230 nm. For PVAc, the absorbance values varied from 200 to 245 nm.
The result indicates that the CR extract was entrapped within the
synthesized nanoparticles.

Measurement of particle size, polydistribution
index (PDI), and zeta potential

The DLS technique is used to calculate the diameter of different
types of particles dispersed in a liquid medium. A wider distribution
indicates that the sample is more polydispersed.®!! Optimization of a
new nanoparticle product in terms of stability and physicochemical
composition requires characterization of the interfacial properties. This
can be performed by measuring the zeta potential to understand the
surface charge and electrical double layer of the colloidal particles.”*
Table 1 exhibits the data obtained from DLS analysis. The particle size
yield was approximately 139.3 nm for nanoparticles synthesized with
PVAc. The PDI value was 0.19, and the constant zeta potential
was -3.44. Compared with PVAc-based nanoparticles, the size and PDI
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Figure 1: UV-Vis absorption spectra of different compositions used in the
synthesis of nanoparticles: a) PLGA-PEG CR PVAc NP; b) PLGA-PEG CR PF68
NP; c) CR leaf extract; d) vinblastine as the positive control
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were smaller for F68-based nanoparticles but the zeta potential value
was higher.

TEM

TEM micrographs were taken to visualize the morphology and
estimate the size of nanoparticles from both formulations [Figure 2].
TEM analysis showed that the mean size of nanoparticles
was <100 nm. They were spherical and monodispersed. The average
size was 70.09 nm (range: 36.5-124.5 nm). The average size was
higher for PLGA-PEG CR F68 (87.31 nm) than for PLGA-PEG CR
PVAc (70.09 nm).

FTIR analysis

FTIR provided simplicity, rapidity, and sensitivity in detecting the
presence of organic constituents of the CR leaf extract [Figure 3].
The CR extract exhibited signals at 3264, 2925, 1590, 1404,
and 1028 cm™. PLGA-PEG peaks were detected at 2996, 2949,
1748, 1164, and 1083 cm™. F68 showed peaks at 2883, 1341, and
1099 cm™, and PVAc exhibited peaks at 2887, 1730, 1228, 1117,
1020, and 942 cm™'. Nanoparticles synthesized using pluronic F68
showed peaks at 3327, 2988, 1637, 1406, 1250, and 1066 cm’,
nanoparticles synthesized with PVAc had bands at 3339, 1753, and
1637 cm™.

Percentage of EE

The percentage of drug incoperated into the nanoparticles was
determined based on EE. The EE of nanoaprticles synthesized with
pluronic F68 was 64%, whereas the value for PVAc nanoparticles was
60% [Table 2].
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Figure 2: TEM micrograph of synthesized nanoparticles: a) morphology of
PLGA-PEG CR F68; b) size distribution of PLGA-PEG CR F68 nanoparticles;
c) morphology of PLGA-PEG CR PVAc; d) PLGA-PEG CR PVAc. Both
nanoparticles were spherical, and the average size was higher for
PLGA-PEG CRF68 (87.31 nm) than for PLGA-PEG CR PVAc (70.09 nm)
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Drug release of PLGA-PEG nanoparticles
synthesized with different surfactants

Comparison between both surfactants showed that the nanoparticles
synthesized with PVAc achieved more than 80% drug release [Figure 4].
In contrast, nanoparticles synthesized using pluronic F68 achieved 20%
drug release at this time point.

Cytotoxicity assay of PLGA-PEG CR nanoparticles

The IC, of PLGA-PEG CR nanoparticles synthesized with pluronic
F68 was higher in parent cells (99 ug/mL) than in tamoxifen-resistant
cells (58 ug/mL). Similarly, PVAc-based nanoparticles had a higher IC_
value in parent cells (147 ug/mL) compared with tamoxifen-resistant
cells (42 ug/mL). [Figure 5]. Both formulations exhibited cytotoxic
effects particularly on resistant cells as the dose required was lower.

HER2 protein expression

Effect of CR PLGA-PEG F68 on HER2 protein expression was studied.
Analysis indicated downregulation of protein expression in resistant cells
after treatment with nanoparticles [Figure 6]. Analysis using Image Lab
indicated that there was downregulation of HER2 expression by 0.6 in the
resistant cells. However, the downregulation was not significant (P =0.19).

Table 1: Dynamic light scattering (DLS) analysis of PLGA-PEG CR nanoparticles

Sample Particle Size (nm) PDI Zeta Potential (mV)
PLGA-PEG CR F68 122.23 0.127 -2.19
PLGA-PEG CR PVAc 139.30 0.187 -3.44

Table 2: Percentage of EE of CR nanoparticles synthesized using different
surfactants

Surfactant Entrapment efficiency (%)
PVAc 60
Pluronic F68 64
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Figure 3: FTIR analysis of compositions of nanoparticles formed using
PLGA-PEG to encapsulate CR with (a) pluronic F68 and (b) PVAc
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Morphological changes before and after treatment
with CR PLGA-PEG F68

Observation under a phase contrast microscope was done before and
after treatment with nanoparticles. Findings obtained at 24 h treatment
showed a reduction in the number of cells and clustering with an increase
in nanoparticle concentration [Figure 7]. After 72 h of treatment, there
was a prominent detachment of cells and shrinkage, which indicated
apoptotic features.

DISCUSSION

CR has become an extensively studied herbal plant after the discovery
of its anticancer compounds, namely, vinblastine and vincristine.***!
It has been studied in both animal models and cell-based models.
Bioavailability of its compounds can be preserved using nanotechnology.
In medicine, nanotechnology plays an important role in treatment
of diseases. Nanoparticles provide a mode of transport for drug
delivery.®™ Application of nanoparticles in pharmaceutical research
requires modification of the surface properties to be compatible in a
biological environment. Therefore, it is crucial to use biocompatible
macromolecules for absorption to the surface of the nanoparticles as it
is able to prevent particle aggregation under certain physico-chemical
conditions. Furthermore, modification of the surface with the use of
non-ionic amphiphilic macromolecules (e.g., poloxamers, poloxamines,
or PEG derivatives) can prevent aggregation.””’ In addition, the
presence of these macromolecules can improve the drug release and also
prevent partial or total denaturation. PLGA degradation is regulated
by hydrolytic process, which may cause the generation of acidic
oligomers and monomers that lead to an acidic microenvironment.
According to a previous report, polaxamers and poloxamines are able
to prevent chemical interactions between the drug and the PLGA and
further neutralize the acidity generated during the course of polymer
degradation.

In contrast to ongoing research about CR metal nanoparticles, there is
limited information about the anticancer activity of CR extract upon
encapsulation in PLGA-PEG nanoparticles. Therefore, the goal of the
current study was to synthesize PLGA-based polymeric nanoparticles
that contain CR to treat the HER2-overexpressing breast cancer cells

Ebrahim Attia et al. (2011)* previously reported that the mixed micelles
synthesized using two or more than two copolymers exhibited synergistic
effects for drug delivery. In another study, a TPGS-graftpoly (D,
L-lactide-co-glycolide) (TPGS-g-PLGA)/Pluronic F68 mixed micelle

e PLGA-PEG CR PVA NP

e PLGA-PEG CR F68 NP

Cathranthus roseus leaves
extract

Percentage of drug release (%)
w

©
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Figure 4: The release profile of nanoparticles with different surfactants
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displayed an increase in the emulsification ability, interaction of
micelle-cell, and also the internalization by cells.®” Present study used
the F68 and PVAc as surfactants in the synthesis of nanoparticles and
tested their effects on the characteristics of CR nanoparticles.

The UV-Vis spectrum indicated a maximum absorption peak at 230 nm
for the positive control vinblastine, and the CR extract showed peaks at
235-250 nm. The maximum peak of F68 nanoparticles occurred at 230,
and that of PVAc nanoparticles was detected between 200 and 245 nm.
TEM analysis indicated that the nanoparticles synthesized were spherical
in shape. Mean sizes of F68 and PVAc nanoparticles were 87.31 and
70.09 nm, respectively. A previous study evaluated whether melatonin
could improve bioreductant capacity of silver nanoparticle synthesis
using CR leaves.” Based on field emission TEM, they reported that the
shape of nanoparticles to be round and size ranged from 10 to 25 nm.
In another study, synthesis of CR leaf extract chitosan nanoparticles was
done to measure the release of chloramphenicol and ketoconazole.*"!
They reported that the TEM size range was between 45 and 50 nm and
that the nanoparticles were polydispersed. The shape of the drug-loaded
chitosan nanoparticles was hexagonal, and they had an irregular mean
diameter. Furthermore, the observed insignificant increase in mean
diameter was due to encapsulation and uneven drug loading on the
surface of the chitosan nanoparticles. For chloramphenicol-encapsulated
chitosan nanoparticles, size increased from 46 to 82 nm with 23%
drug EE.
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Figure 5: Cytotoxicity effects of PLGA-PEG CR nanoparticles synthesized with
different surfactants: a) IC,  for the PVAc nanoparticles; b) IC, for the pluronic
F68 nanoparticles. Both treatments showed that tamoxifen-resistant
UACC732 cell lines were more sensitive compared with the parent cell line
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Figure 6: HER2 expression (1) Parent (2) Resistant (5) Resistant cells after
treatment with CR PLGA-PEG F68 nanoparticles. Analysis was done using
Western blot method using HER2 antibody. Experiments were performed
in triplicates

Characterizationofnanoparticlesisanimportantaspectinnanotechnology
development. It is focused mainly on the size of the nanoparticle and its
surface charge.*” Small nanoparticles have larger specific surfaces and
may exist in aggregation or agglomeration. DLS utilizes time differences
of scattered light from suspended nanoparticles under Brownian motion
to determine the hydrodynamic size distribution.” The DLS findings
showed that the nanoparticles synthesized from PVAc had a mean size
of 139 nm, whereas the nanoparticles formed with F68 were smaller in
mean size (122 nm). Larger sizes of CR nanoparticles were reported by
Sheshadri et al.® (2015), where the average hydrodynamic diameter
was 180.8 nm and PDI value of 0.438. They stated that the difference
in the size of silver nanoparticles ascertained with field emission TEM
and the zetasizer was consistent with previous reports.*! In a previous
study of poly-g-caprolactone and pluronic nanoparticles, the particle
size produced was 208.5 to 280.2 nm. Their PDI ranged from 0.089
to 0.169, which indicated monodispersed particles.?) Furthermore,
the size measured by the DLS method is influenced by all substances
absorbed onto the particle surface, such as stabilizers, and by the
thickness of the electrical double layer moving along the particle.**! As
such, the measurement provided by the DLS technique is larger than that
measured by other techniques

The PVAc-based nanoparticles had a lower zeta potential value than
the F68-based nanoparticles. Zeta potential is used to predict the
stability of the suspension.*? Stability of suspensions is the capacity
to remain the same over a given time. It is necessary to study
the physico-chemical characteristics in the optimization of new
nanoparticle formulations.* Physical instability is contributed by the
agglomeration of particles. However, this can be prevented by high
surface charges or high zeta potentials. Zeta potential is determined
by the nanoparticle formulation and the physicochemical properties
of the nanoparticles.*>*! Particles with high zeta potential values of
either negative or positive (+ 30 mV) can achieve stable suspension.
This occurs through repulsion between particles that prevents their
aggregation.?l Nagaonkar et al. (2015)1 reported a strong positive
zeta potential when CR chitosan nanoparticles were used for release
of chloramphenicol and ketoconazole. However, a negative value is
preferred because it promotes penetration of molecules via the skin.!*?

Nanoparticle size also may vary according to the amount of the polymer
in the organic phase, polarity of the solvent, and concentration of the
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Figure 7: Morphological changes before and after treatment with
PLGA-PEG CR nanoparticles in resistant UACC732 cells (a) untreated cells
at 24 h (b) cells treated with 31 nug/mL of nanoparticles for 24 h (c) cells
treated with 62/mL for 24 h (d) untreated cells at 72 h (e) cells treated with
31 ug/mL for 72 h (e) cells treated with 62 pg/mL for 72 h

surfactants in the aqueous phase.?) Chawla and Amiji (2002) reported
that particle size increased when pluronic F68 surfactant was removed."”!
Therefore, the presence of pluronics in the nanoparticle synthesis may
act as dispersant and stabilizer.

In the current study, the chemical structures of the nanoparticles were
analyzed with FTIR spectroscopy. The CR extract showed prominent
peaks at 3264, 2995, 1590, 1404, and 1028 cm™'. A previous study of silver
nanoparticles generated with the water extract of CR leaves reported
bands at 3401, 1604, 1304, and 1071 cm™,"*! whereas a different study
of the water extract of CR leaves showed major bands at 1118, 1385,
and 1632 cm™.1" For PLGA-PEG, peaks were present at 1748, 1164,
and 1083 cm™'. Analysis of the surfactants showed that the functional
groups of F68 were at 3676, 2883, 1341, and 1099 cm™. The stretching
vibration peak at 2880 is attributed to the CH, group.”s! PVAc alone
exhibited peaks at 2887, 1730, 1228, 1117, and 942 cm™. Similar bands
were previously reported for PVAc, and a band detected at 2892 cm™
was attributed to CH, CH,, and CH, cm™ group stretching vibrations.*!
They also noted a band at 1725 cm™ that was due to ester carbonyl group
stretching and a band at 1218 cm™ that represented the C-C(=0)-O
group of PVAc. In our study, analysis of the nanoparticle formulations
indicated that PLGA-PEG CR nanoparticles with F68 had peaks at 3327,
2988, 1637, and 1066 cm™'; the peak at 3327 cm™ represented the CR
extract, and the peak at 1066 cm™ represented F68. For PLGA-PEG
CR nanoparticles with PVAc, peaks were present at 3339, 1753, and
1637 cm™’; the peak at 3339 cm™ represented the CR extract, and the
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peak at 1753 cm™ represented PVAc. According to previous reports,
the CR leaf extract had infrared bands at 1118, 1354, 1500, 1524, 1543,
1548, 1632, 1793, 1736, and 1845 cm™.1*) The major band located at
1118 cm™ is attributed to C-N stretching of the aliphatic amines, and
the band present at 1354 cm™ is due to N-O asymmetric stretching of
nitro compounds. The absorption peak around 1736 cm™ is attributed to
C = O stretching vibrations of the carboxylic acids. The peak observed
at 1632 cm™ is due to the presence of N-H bending of the 1°amines.!*"!
These findings are supported by another report that also detected signals
at 3401.2, 1604.11, 1384.59, and 1071.02 cm™', and the notable peak at
3401.2 cm™ indicated stretching of the O-H band, which is found in
alcohols and phenols.*

In the synthesis of nanoparticles surfactants are added to stabilize the
nanoparticle and reduce the surface tension.!'”’ Coating of a polymeric
surface can also help achieve stealthy properties.* In our study, the
amount of drug released from nanoparticles was determined with
UV-Vis analysis using a standard curve. The nanoparticles synthesized
with PVAc showed sustained release over time compared with F68-based
nanoparticles. This suggest that PVAc could be suitable to retain the
activity of CR for prolonged duration. Nagaonkar et al. (2015)"
reported that chloramphenicol chitosan nanoparticles exhibited initial
burst of drug release during the first 5 h. Therefore, indicating that the
drug absorbed onto the surface of nanoparticles had released rapidly
into the medium. Subsequently, there was slow degradation of chitosan
nanoparticles with the diffusion of encapsulated drug into the medium.
This occurred via the pores of the nanoparticles. At 12 h, the cumulative
amount of chloramphenicol released from chitosan nanoparticles
was 38%. Further release of the drug was attributed to the aqueous
solubility of CR."! Jawahar et al. (2009) reported that PLGA-pluronic
F68 nanoparticles achieved almost 72% drug release.*™ They stated that
smaller particles would achieve higher drug release due to their larger
surface area. However, another study using PLGA-pluronic nanoparticles
that were synthesized by the multiple emulsification solvent evaporation
method achieved 98% release within 120 h. In our study, we tested PVAc
because it is being used increasingly for anticancer applications. Recently,
a PVAc-based polymeric nanoparticle was reported to inhibit the
hypoxia-inducible factor-1a and reduce angiogenesis in tumor-bearing
mice.® In another study, clofazimine-loaded PVP-b-PVAc of
longer hydrophobic PVAc block length (PVP90-b-PVAc290 and
PVP90-b-PVAc256) exhibit higher drug loading capacity, as well as EE,
compared with shorter hydrophobic PVAc block length. The loading
capacity of polymeric vesicles relies on the molecular weight of the
hydrophobic block. Larger hydrophobic copolymers were reported to
form thicker hydrophobic bilayer membranes and therefore they may
contain more hydrophobic drug."”!

The results also showed different responses of cells to the each of
formulations of PLGA-PEG CR nanoparticles. Tamoxifen-resistant
UACC732 cells were sensitive to PVAc nanoparticles compared with
parent cells. This result could be due to prior exposure of UACC732 cells
to lapatinib and trantuzumab, which may have increased their sensitivity
toward the new drug. Although parent UACC 732 cells were more
sensitive to pluronic F68-based PLGA-PEG CR nanoparticles. Some
of the factors that may play role in the cytotoxicity effect are such as
the type of surfactant coating, duration, size of nanoparticles as well the
cancer cell type."” Further analysis on HER2 protein expression was
performed with PLGA-PEG CF F68 as it exhibited prolonged sustained
release. Findings obtained indicated downregulation in the expression of
HER?2 in resistant cells.
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CONCLUSION

Finding suggest that both the formulations of PLGA-PEG CR
nanoparticles exhibited cytotoxic effects; however, PLGA-PEG CR
G68 had sustained release than PLGA-PEG CR PVAc. In addition,
downregulation of HER2 expression was induced by PLGA-PEG
CR F68. This warrants further investigation to confirm the targeting
mechanism of the nanoparticles in HER2-overexpressed breast cancer
cells.
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