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Abstract

Purpose: To develop poly-lactic-co-glycolic acid (PLGA) -based nanopatrticles (NPs) for the delivery of
sunitinib malate (STM) to colon cancer cells.

Methods: Three different formulations (F1 — F3) were developed by nano-precipitation technique using
various concentrations of PLGA. The NPs were evaluated for particle size, polydispersity index, zeta
potential, drug entrapment, and drug loading, using differential scanning calorimetry (DSC), Fourier-
transform infrared spectroscopy (FTIR), x-ray diffraction (XRD), and scanning electron microscopy
(SEM). Furthermore, in vitro drug release and anticancer studies were carried out on the formulations.
Results: Among the three NPs, optimized NP (F3) of STM was chosen for in vitro anti-cancer study
against H-29 human colon cancer cells lines based on its particle size (132.9 nm), PDI (0.115), zeta
potential (-38.12 mV), entrapment efficiency (52.42 %), drug loading (5.24 %), and drug release (91.26
% in 48 h). A significant anti-cancer activity of the optimized NPs was observed, relative to free STM.
Conclusion: These findings suggest that STM-loaded NPs possess significant anti-cancer activity
against human colon cancer HT-29 cells lines.
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INTRODUCTION

Colorectal cancer (CRC) is the second main
cause of malignancy-related death in the U.S.
and in developing nations [1,2]. Substantial
interest has been shown in medicinal agents that
target oncogenic kinases, whose utilization may

improve therapy and enhance the survival of
CRC patients [3,4].

Sunitinib malate (STM) is an orally-active
compound approved by United States Food and
Drug Administration (USFDA) as therapy for
renal cell carcinoma and GIT stromal tumors. It
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has also been used for the treatment of some
other malignancies, including colon cancer,
breast cancer, neuro-endocrine cancer, and lung
cancer in preclinical and clinical presentations
[5-7]. It is a novel, multi-targeted receptor and
tyrosine kinase inhibitor that impedes signaling
through platelet-derived growth factor receptors
(PDGFRs), vascular endothelial growth factor
receptors (VEGFRs), and stem cell factor
receptor (KIT) [8-11].

Thus, it would be beneficial to develop
formulations that could deliver STM in a
controlled manner for extended periods of time.
However, this is difficult due to its poor water-
solubility which limits its release, leading to
instability. A successful attempt aimed at
enhancing the solubility, dissolution, safety, and
efficacy of the sunitinib malate through polymeric
NP formations directly will improve the oral
bioavailability of the drug, which, in turn, will
reduce dosage and frequency. Poly-lactic-co-
glycolic acid (PLGA) is a biocompatible and
biodegradable polymer frequently used in drug
development due to its high solubility,
encapsulation efficiency, controlled release, and
low toxicity [12,13].

Few studies have reported on polymeric NP
formulations of STM [14,15]. Moreover, due to
their small particle sizes, these polymeric
systems have been found to be excellent carriers
that enhance the solubility and bioavailability of
various drugs with poor aqueous solubilities. In
the present study, STM-loaded PLGA NPs were
successfully  developed. From  preliminary
characterization, the optimized STM-loaded
PLGA NP with desirable properties was further
evaluated for its in vitro anticancer activity.

EXPERIMENTAL
Materials

Sunitinib malate, PLGA (72: 25), and surfactant
(pluronic acid F127) were procured from Sigma
Aldrich (St. Louis, MO). Human colon cancer HT-
29 cell lines were procured from American Type
Cell Culture (ATCC). Dialysis bags were
purchased from Spectrum Medical Industries
(Mumbai, India). Ultrapure water was obtained
from Milli Q water purifier unit from Pharmacy
College.
Preparation of STM-loaded PLGA nano-
particles

The NPs were prepared through the
nanoprecipitation technique [12]. The STM was
found to be insoluble in organic solvents such as

dichloromethane, acetone, ethyl alcohol, and
ethyl acetate, but it was readily soluble in DMSO.
Different amounts of PLGA were dissolved in 9
mL of acetone, and | mL of drug previously
solubilized in DMSO was added to the solution of
PLGA. The polymeric solution formed was further
added to 10ml of aqueous surfactant solution
(pluronic acid F 127) at the rate of 0.3 ml/min.
Acetone was evaporated on a magnetic stirrer for
24 h at 45 °C, and the STM-entrapped PLGA-
NPs were segregated from the bulk aqgueous-
phase by centrifugation at 16,000 rpm for 15 min.
The PLGA-NPs were thereafter washed thrice
with distilled water and freeze-dried. The
formulae of the prepared PLGA-NPs are shown
in Table.1l. Three different concentrations of
PLGA polymer and pluronic acid F-127 were
used in order to get higher entrapment efficiency,
suitable particle size and drug release.

Table 1: Proportions of PLGA and pluronic acid used
for PLGA-NPs preparation

Pluronic

Formulation P(rl_nC;? acid F-127 A(E;tl(_))ne
(mg)

F2 100 50 10

F3 150 50 10

Particle characterization

Malvern particle size analyzer (Holtsville, NY)
was used to measure the particle size and PDI of
the synthesized STM PLGA-NPs (F1 — F3) [16].
The NP dispersion was appropriately diluted
(1:200), and sonicated for 10 min in order to get
a clear dispersion. Then, 3 mL of the dispersion
was analyzed in plastic cuvettes. Average size
and PDI of each PLGA-NPs were measured in
triplicate. The ZP values of the STM PLGA NPs
(F1 - F3) were measured using Malvern
Zetasizer.

Evaluation of drug loading and entrapment
efficiency

The NPs were dissolved in organic solvent,
lightly shaken, and sonicated for 6 min. Then,
methanol was used to precipitate the polymer
that was present in the NPS. The sample was
filtered, and the quantity of the drug present in
the filtrate was measured with HPLC [8]. Drug
loading (DL) was measured as the ratio of drug
content of NPs to the total weight of the NPs.
The entrapment efficiency (EE) was calculated
as the proportion of entrapped drug in the NPs to
the initial amount of drug that was added to the
NPs. The experiments were carried out in
triplicates. Entrapment efficiency and drug
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loading were determined as in Eqs 1 and 2,
respectively.

EE (%) = {(A = B)/A}L00 ........cv........ 1)

where A = initial amount of drug added to the
NPs, and B = free, unentrapped drug.

DL (%) = (DE/TW)100 ................ )

where DE = entrapped drug, and TW = total
weight of the NPs

In vitro drug release studies

In vitro drug release of the developed NPs (F1-
F3) was studied by placing an amount of NPs
(equal to 5mg of STM) in a treated dialysis bag in
50 mL of phosphate buffer, pH 6.8. The set up
was shaken on a biological-shaker (LabTech,
Korea) at 100 rpm and 37 £ 0.5 °C. At 0, 0.5, 1,
2,3,4,5/6,7,8,9, 10, 11, 12, and 24 h, 1-mL
aliguots were withdrawn, diluted suitably with
fresh buffer solution, and analyzed for the drug
content using HPLC method [8]. The release of
the drug from the optimized NPs was compared
with drug release from pure STM. Based on the
outcome, a formulation was selected for the
cytotoxicity study.

Differential scanning calorimetry (DSC)

The thermal behavior of the NPs was analyzed
by DSC (SCINCO, lItaly). The three NP samples
(F1 — F3) were each sealed in an aluminum pan
and heated at a rate of 10 °C/min from 50 to 250
°C in the presence of nitrogen gas (20 mL/min).

Fourier-transform infrared spectroscopy
(FTIR)

FTIR spectral analysis was performed using an
ALPHA-FTIR Spectrometer (OPTIK, USA). The
samples of NPs (F1 — F3) were diluted with dry
crystalline potassium bromide (KBr), and
transparent pellets were prepared by pressure
application. Scanning was done for each sample

in the wave number range of 4000 to 400 cm™".

X-ray diffraction (XRD) studies
The XRD pattern of free STM and their NPs (F1
— F3) were scanned in Altima-lV X-ray
diffractometer (Regaco, Japan). Each spectrum
was scanned at a rate of 4 °/min.

Assessment of morphology of optimized NPs

The morphology and the size of the optimized
NPs (F3) were determined through SEM. In this

process, the sample was put on copper grids
with films after suitable dilution (1:5) and staining
with 2 % w/v phosphotungstic acid for 0.5 min.

In vitro anti-cancer studies

The anti-cancer property of the best NPs (F3)
was evaluated using MTT assay against HT-29
colon cancer cell lines. The percentage of
cytotoxicity was measured by treating the cell
lines with various concentrations of STM (2-20
puM) from F3, NPs, and free STM. An optimized
F3 without STM was used as a control
formulation. The HT-29 cells were incubated
under appropriate conditions as reported in the
literature [17, 18], and 10 pL of the MTT-reagent
was put into each well. The concentration of
formazan produced was measured with ELISA-
reader at 450nm.

RESULTS

Particle characteristics

The results of particle characterization of STM-
loaded PLGA-NPs are given in Table 2. The
sizes of the three different STM-loaded PLGA-
NPs (F1-F3) varied from 132.9 + 2.43 to 250.1 +
6.72 nm. The effect of concentration of surfactant
(pluronic acid F-127) on particle size was not
evaluated in this study. However, the influence of
the polymer concentration on the size of the
STM-loaded PLGA-NPs was evaluated. The
smallest size of NPs was seen in F3 (1329 +
2.43 nm), while the largest size (250.1 * 6.72
nm) was obtained in F1.

The PDI values of the NPs (F1-F3) ranged from
0.1 to 0.3, indicating uniform distribution of
particles. The F3 formula had the least PDI value
(0.115 * 0.043), confirming excellent uniformity
of particles. However, the highest PDI was
obtained in F1 (0.282 £ 0.021). The ZP values of
the three developed STM-loaded PLGA-NPs
(F1-F3) ranged from -32.63 + 1.54 to -40.23 +
2.61 mV. These values of ZP which were higher
than £30 mV confirmed that all the NPs were
stable (Figure 2).

Entrapment efficiency and drug loading

The degree of entrapment of STM was
influenced by the amount of PLGA polymer used
in the formulation. Loading efficiency of STM in
F1-F3, ranging from 2.41-5.24 % were observed
at different concentrations of PLGA as shown in
Table 2.
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Table 2: Physicochemical characteristics of the STM NPs

Code Size (nm) PDI Zeta potential (mV) % EE % DL

F1 287.9+4.27 0.282 + 0.021 -40.23 + 2.61 48.24 + 1.60 241 +£0.22
F2 250.1 £6.72 0.156 + 0.062 -32.63 + 1.54 43.06 + 2.52 2.87+0.38
F3 132.9+2.43 0.115+0.043 -38.12 + 2.42 52.42 +1.31 5.24 £ 0.56
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Figure 1: Mean size distribution of STM-loaded PLGA
NPs (F3)
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Figure 2: Zeta potential of STM-loaded PLGA NPs
(F3)

In vitro drug release

The cumulative release of STM from NPs (F1-
F3) was markedly retarded/sustained after 48 h,
and about 69, 76, and 91 % of the STM were
released in the buffer media from F1, F2, and F3,
respectively. The release pattern of the STM in
all three NPs (F1-F3) confirmed that the F3 NPs
were optimized (Figure 3).
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Figure 3: In vitro release of the nanoparticles (F1 —
F3)

Thermal properties

Thermal behaviors of the STM and STM-loaded
PLGA-NPs (F1 — F3) were scanned from 50 to
250 °C as shown in Figure 4. A sharp

endothermic peak corresponding to 208 °C was
obtained in the case of free STM, which was
found to be approximately the same with those
done by the capillary method [19]. However,
STM endothermic peaks disappeared in all NPs
confirming its complete entrapment inside the
PLGA polymeric matrix.

sTM
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Figure 4: DSC thermograms of STM and drug-loaded
PLGA-NPs (F1-F3)

Fourier-transform infrared spectroscopy
(FTIR)

Many sharp peaks could be seen in the STM-
loaded PLGA-NPs with diminished intensity,
corresponding to the peaks of pure STM in the
fingerprint region (400—-1600 cm™). The reduction
in peak intensity could be due to the loading of
STM inside PLGA polymer [20].

‘Wavenmmber [m‘I]

Figure 5. FTIR spectra of developed nanoparticles
(F1-F3)

X-ray diffraction (XRD) pattern

The XRD pattern of pure STM and STM-loaded
PLGA NPs (F1 — F3) are shown in Figure 6.
Various sharp peaks could be observed in the
XRD pattern of pure STM. However, these sharp
peaks were diminished or absent in intensity in
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the STM-loaded PLGA NPs (F1 — F3). This
revealed that the STM were successfully loaded
into the polymer.
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Figure 6: X-ray diffractograms of the nanoparticles
(F1-F3)

Morphology

The images generated through SEM of optimized
STM-loaded PLGA NPs (F3) are shown in Figure
7. It can be seen from the image that the
developed NPs were small and spherical in
shape. The particle size in the SEM image was
approximately the same as the result obtained
from particle size analyzer.
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Figure 7: Scanning electron micrographs of optimized
nanoparticles (F3)

In vitro anti-cancer activity

In vitro anti-cancer activity of NPs (F3), STM
(free), and F3 without drug (control) were

evaluated by MTT assay at different
concentrations. The values of the maximum
inhibition (MI) and ICs, are listed in Table 3. The
concentration - cell viability plots for NPs (F3),
free STM suspension and control are shown in
Figure 8. The Ml value of free STM was 85.50 *
0.65 % at maximum concentration (20 pM).
However, the optimized NPs (F3) showed an Ml
of 96.96 + 0.35% at the same concentration of
STM (20 pM), which was significantly higher,
when compared to the free STM (p < 0.05).
Thus, F3 NPs exhibited better anti-cancer
efficacy than free STM.

Table 3: Ml and ICso data for free STM, PLGA-NPs
(F3), and control after 24 h of therapy

Sample ICs0 (UM) MI (%)
Free STM 10.39 + 0.67 85.50 + 0.65
F3 6.69 +0.34 96.96 + 0.35
Control - 7.56 £ 0.30
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Figure 8: Effect of free STM and optimized
nanoparticles (F3) on cell viability

DISCUSSION

The purpose of this study was to improve the
performance with respect of bioavailability and
sustainability of STM in the colon of colon cancer
patients. Recently, improvement in the
bioavailability of STM by SNEDDs was reported
[21]. The side-effects of drugs and high degree of
non-targeting limit the therapy of colon cancer.
The PLGA polymer NPs could be novel
alternatives for overcoming these problems by
enabling delivery of drugs to the target site. In
this study, three different STM-loaded PLGA-NPs
(F1-F3) were developed by the nanoprecipitation
method and optimized. It can be seen from the
results that size of STM-loaded PLGA-NPs
decreased significantly with increase in the
amount of PLGA polymer used in the
formulation. The lowest particle size was
observed in F3 among all NPs (F1-F3), which
could be due to the minimum concentration of
the polymer present in F3 NPs.
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Increasing PLGA polymer concentration in F1
(50 mg), F2 (100 mg), and F3 (150 mg) had
positive effects both on entrapment efficiency
and drug loading. A slow/sustained release of the
drugs into the buffer solution could be observed
over 48 h of the dissolution study.

The slow release of the STM was due to the
strong entrapment of drug inside the PLGA
polymer. The DSC thermogram of the NPs and
the peak of STM almost vanished at 208 °C.
These results clearly revealed that STM were
completely entrapped in the PLGA polymer.

The FTIR spectra of NPs exhibited low intensity
peaks in comparison to pure STM drug. This also
confirmed the entrapment of STM inside the
polymer. The amorphous form of STM drug was
confirmed by the XRD pattern study. These
spectral characteristics supports the data
generated in the entrapment efficiency and in
vitro release studies.

It could be seen from the SEM image that the
optimized NPs were small and spherical in
shape. The in vitro anti-cancer data indicated the
dominance of developed PLGA NPs when
compared with the free STM. The control PLGA-
NPs (F3, without drug) did not suppress cell
growth, which revealed that the developed STM-
loaded PLGA-NPs were non-toxic. The ICsg
value of F3 was significantly lower than that of
the free drug. The in vitro anti-cancer activity
against HT-29 colorectal cells indicated that the
developed STM-loaded PLGA-NPs (F3) could be
administered orally for colon cancer therapy.

CONCLUSION

The outcome of this study reveal that sunitinib
malate can be efficiently incorporated in PLGA
polymeric nanoparticles to achieve sustained
drug release. The optimized sunitinib malate-
loaded PLGA nanoparticles exhibit higher
cytotoxicity against HT-29 cells lines than the
free drug. These nanoparticles possess the
potential required for efficient carriage and
delivery of anticancer drugs for the treatment of
colon cancer.
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