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In the current study, gefitinib loaded PLGA nanoparticles (GFT-PLGA-NPs) and chitosan coated PLGA
nanoparticles (GFT-CS-PLGA-NPs) were synthesized to investigate the role of surface charge of NPs for
developing drug delivery system for non-small-cell lung cancer (NSCLC). The developed NPs were eval-
uated for their size, PDI, zeta potential (ZP), drug entrapment, drug loading, DSC, FTIR, XRD, in vitro
release profile, and morphology. The anti-cancer activity of GFT loaded PLGA NPs and GFT loaded CS-
PLGA-NPs were examined in human A549 lung cancer cell lines. In vitro release studies of GFT-CS-
PLGA-NPs showed more sustained release in comparison to GFT-PLGA-NPs due surface charge attraction
of chitosan. In addition, viability of A549 cells decreases significantly with the increasing concentration of
GFT-PLGA NPs and GFT-CS-PLGA-NPs when compared to that of pure GFT and blank PLGA NPs. In addi-
tion, the microscopic analysis and counting of viable cells also validate the cytotoxicity of the developed
NPs. This investigation proved that the developed NPs would be efficient carriers to deliver GFT with
improved efficacy against NSCLC.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Lung cancer (LC) is one of the leading causes for morbidity and
mortality and considered one of the lethal forms of malignancy
effecting patients’ health and wellbeing (Cao et al., 2020). It
remains the primary cause of cancer associated deaths globally,
accountable for about 2.09 million cases in the year 2018, as per
the WHO statistics report. Major lung cancer cases are interlinked
to inhalation of tobacco induced products and environmental pol-
lution besides spikes in the radiation absorbed dose due to ionized
radiation leading to free radical formation and DNA mutation
(Zhang et al. 2020a). LC is chiefly classified into two categories,
namely non-small-cell lung cancer (NSCLC) and small cell lung
cancer (SCLC). NSCLC accounts for about 85% of total lung cancer
with a five-year survival rate of 4–15% due to poor prognosis.2

The main cause of NSCLC is the overexpression of the epidermal
growth factor receptor (EGFR), a member of receptor tyrosine
kinase (RTK) that triggers the pathways resulting with cell-
proliferation and differentiation leads to NSCLC tumour (Yang
et al., 2020).

Strategies for LC treatment comprises of surgery, radiotherapy,
chemotherapeutics, and radiopharmaceuticals. EGFR tyrosine
kinase inhibitors (TKI) represent as standard chemotherapy for
the NSCLC treatment (Quan et al., 2020). There are almost sixteen
kinase inhibitors approved in the recent past for the cancer treat-
ment. TKI chemo are drugs administered conventionally by par-
enteral or per oral route, and the systemic distribution of these
drug without specific drug deposition in the lung may adversely
affect normal tissues and organs with serious unavoidable side
effects, leading to patient noncompliance and even withdrawal
from the recommended dosage regimen. The EGFR tyrosine kinase
inhibitors (TKI) have been used selectively for decades to treat
patients of NSCLC activated by EGFR mutations.5 Advantages of
EGFR-TKIs are improved prognosis and progression free survival
of NSCLC patients as compared to the cytotoxic moieties (Huang
et al., 2020; Xie et al., 2020). Typically, it was observed that EGFR
mutations occurs in approximately 50% of the Asian patients and
10% of the white patients with NSCLC. The drawback of EGFR-
TKIs is the development of drug resistance after 10–14 months of
drug induction (Yang et al., 2020). Drug resistance is self-induced
by chemotherapy itself, encountered by altering the composition
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of cancer, building more aggressiveness due to the survival of the
resistant clones and modification of the genetic material, metabo-
lism of the cancerous cells (Zhang et al., 2020a; Bouchnita et al.,
2020).

NSCLC reflecting harboring of the EGFR mutation smartly trea-
ted by EGFR-TKI monotherapy. Gefitinib (GFT) is the first genera-
tion of EGFR-TKI act by blocking the signaling of EGFR via
competitive ATP-binding sites. It inhibits the auto phosphorylation
of EGFR, thereby blocking the transduction of downstream signals
that reverse the cancer cell proliferation. Currently, GFT is used as
the first line therapy for advanced NSCLC treatment (Gupta et al.,
2017). GFT is a US Food and Drug Administration (FDA) approved
drug intended for oral administration available in the market
(Iressa�) Gefitinib tablets. GFT showed low solubility, slow absorp-
tion and poor bioavailability with pronounced side effects due to
its systemic distribution. The unavoidable side effects of GFT limits
its clinical implications that open new horizon for researchers to
develop new nanocarriers for site specificity (Bouchnita et al.,
2020). Formulation scientists explored some of the advanced drug
delivery systems (DDS) with GFT such as nanoparticles (NPs), lipo-
somes, micro-spheres, and polyurethane-foams (Zhang et al.,
2020b).

Biodegradable Polymer based nanoparticles are gaining great
momentum in the development of the NPs for the development
of DDS of diversified drug entities (Luo et al., 2021; Allam et al.,
2020). Biodegradable NPs imitates nano-size that assist the drug
to permeate and cross the lipoidal biological cell membrane with
consequent improvement in the solubility, permeability, absorp-
tion, and bioavailability.

Poly (lactic-co-glycolic acid) (PLGA) is a US-FDA approved bio-
compatible and biodegradable copolymer of polylactic and polyg-
lycolic acid. PLGA has been extensively explored for the
development of controlled DDS of small drug molecules, macro-
molecules such as DNA, RNA and peptides. The biodegradation of
polymer depends on polymer molecular weight, ratio of lactide
to glycolide, and other relevant physicochemical properties
(Anzar et al., 2018). Among the various types of PLGA, PLGA
50:50 is found to biodegrade faster (Rezvantalab et al., 2018;
Anwer et al., 2019; Ahmed and Badr-Eldin, 2020).

PLGA NPs imparts negative surface potential that destroy
mucoadhesive property and decreases bioavailability of the drugs.
The burst release and inability to accumulate drugs to target site
are the major drawback of PLGA based NPs, which limits its thera-
peutic application. Efforts has been done on the surface modifica-
tion by using chitosan (CS) to develop CS coated PLGA NPs for
enhanced mucoadhesion and cellular uptake due to positive sur-
face charge (Shim & Yoo 2020; Dyawanapelly et al., 2016; Chen
et al., 2016).

The objective of the current investigation was to develop GFT-
PLGA-NPs and GFT-CS-PLGA-NPs. It was expected to sustain the
drug release, enhance the bioavailability, site-specificity with
reduced dosage regimen. Particle characterizations include size,
zeta potential, FTIR, DSC, XRD, and SEM studies to confirm the
GFT loading in PLGA with surface modification by CS and the
GFT release profiles and in-vitro anticancer study in A549 cell
line.
2. Materials and method

2.1. Materials

Gefitinib (GFT) was purchased from ‘‘Mesochem Technology
Co. Ltd, Beijing, China. Poly(D,L-lactide-co-glycolide) (PLGA,
50:50) and chitosan were procured from ‘‘Sigma-Aldrich, St.
Louis, MO, USA”. Polyvinyl alcohol (PVA, Mole wt- 85,000–
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124,000) was purchased from Loba Chemicals, India. ‘‘Human
lung adenocarcinoma A549 (ATCC� CCL 185TM) cell lines” were
obtained from the American Type Culture Collection (ATCC,
Manassas, VA, USA)”. All chemicals/solvents used in the studies
are of analytical grade.

2.2. Cell culture

The A549 cells (adenocarcinoma human alveolar basal epithe-
lial cells) were grown in DMEM (Gibco) which were supplemented
with 10% FBS (Gibco) and 1% penicillin–streptomycin (Gibco) and
kept it at 37 �C, 5% CO2, and having saturated humidity. Cells were
passaged in every 2 days and the logarithmic growth phase of A549
cells was taken for the MTT (3-[4,5-dimethylthiazole-2-yl]-2,5-di
phenyltetrazolium bromide) test.

2.3. Preparation of GFT loaded PLGA and CS coated PLGA NPs

GFT loaded PLGA NPs were prepared by single emulsification
technique. Briefly, GFT (50 mg) was dissolved in previously pre-
pared PLGA (100 mg) polymeric solution in dichloromethane
(5 mL) in order to get organic phase. On the other hand, aqueous
phase containing PVA (10 mL, 0.5%, w/v) was prepared separately.
The organic phase was emulsified by adding aqueous phase with
syringe (0.3 mL/min) under probe sonication (probe # 423, model
CL-18, Fisher scientific; United States) for 3 min at 60% W voltage
efficiency. The organic solvent was evaporated on magnetic stirrer
(Fisher Isotemp Hot Plate and Stirrer- Fisher scientific; USA) for 6 h.
The GFT loaded PLGA NPs was collected after high speed (25, 200g)
centrifugation and freeze dried ‘‘(Millirock Technology, Kingston,
NY, USA)” after three times washing with deionized water. The
GFT loaded CS-PLGA NPs were prepared using same as above pro-
cedure, except 50 mg of chitosan powder was dissolved in 1%
acetic acid containing 0.5% w/v of PVA (Table 1) (Mohammed
et al., 2019).

2.4. Evaluation of particle size, polydispersity index (PDI) and zeta
potential (ZP)

Developed Blank PLGA-NPs, GFT loaded PLGA-NPs and GFT
loaded CS-PLGA-NPs characterized for mean particle size, PDI
and ZP. Freshly prepared colloidal dispersion was suitably diluted
(200 times) with deionized water, sonicated for 10 min, and
transferred into plastic disposable cuvette and measured the
mean particle size and PDI using ‘‘Malvern zetasizer (ZEN-3600,
Malvern Instruments Ltd. USA)” (Ni et al., 2017). Zeta potential
of NPs were measured using ‘‘Malvern zetasizer zeta (ZEN-3600,
Malvern Instruments Ltd. USA)” using glass electrode as sample
holder.

2.5. Drug entrapment efficiency (%EE) and drug loading (%DL)

An indirect method was followed to measure the EE. Freshly
prepared NPs dispersion was centrifuged ‘‘(HermleLabortechnik,
Z216MK, Wehingen, Germany)” at 25, 200g for 10 min (Anwer
et al., 2017). The amount of free drug was analyzed in supernatant
by UV spectroscopy ‘‘(Jasco UV spectrophotometer V-630 Japan)”
at kmax 331 nm (Shi et al., 2014). The %EE and %DL were calculated
using Equations:

% EE ¼ ðTotal GFT loaded� Free GFT in supernatantÞ
Total GFT loaded

� 100

% DL ¼ Initially GFT added� GFT in supernatantð Þ
Total weight of NPs

� 100



Table 1
Composition of developed NPs.

Formulae GFT (mg) PLGA (mg) CS (mg) PVA (%w/v)

Blank PLGA-NPs – 100 – 0.5
GFT loaded PLGA-NPs 50 100 – 0.5
GFT loaded CS-PLGA-NPs 50 100 50 0.5
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2.6. Differential scanning calorimetry (DSC) studies

The thermal behavior of pure GFT, GFT loaded PLGA-NPs, and
GFT loaded CS-PLGA-NPs were studied by using DSC analyzer ‘‘
(Shimadzu DSC-60, Shimadzu Corporation, Tokyo, Japan)”. Each
samples (approx. 5 mg) were crimped into aluminium pan, and
subjected to heat to 250 �C at a heat rate of 20 �C/min in the pres-
ence of nitrogen gas (20 mL/min) (Sun et al., 2015).

2.7. Fourier transform infrared (FTIR) studies

FTIR spectral studies of pure GFT, GFT loaded PLGA-NPs and GFT
loaded CS-PLGA-NPs were performed using ‘‘FTIR spectrometer
(Jasco FTIR Spectrophotometer, Japan)”. KBr technique was used
to prepare a transparent pellet of each sample. FTIR spectra was
recorded in the range of 4000 to 400 cm�1, and peaks were inter-
preted using ‘‘spectral manager” software.

2.8. X-ray diffraction (XRD) studies

X-ray diffractometer ‘‘(Altima IV Regaco, Japan)” was used to
record XRD pattern of the pure GFT, blank PLGA-NPs, GFT loaded
PLGA-NPs and GFT loaded CS-PLGA-NPs. All samples were scanned
in the angle range of 2–60� at 2h. The scanning rate was set to
4�/min. The XRD spectra were recorded at a voltage and current
of 30 kV and 25 mA, respectively (Alshdefat et al., 2020).

2.9. In-vitro release studies

In-vitro release studies of pure GFT, GFT loaded PLGA-NPs, and
GFT loaded CS-PLGA-NPs were conducted at two different pH
(pH 5.0 and pH 7.4). Briefly, accurately weighed amount of pure
GFT (10 mg), GFT loaded PLGA-NPs and GFT loaded CS-PLGA-NPs
(equivalent to 10 mg of pure GFT) were dispersed in dialysis bag
‘‘(cut off mol. weight 12,000 Dalton)” containing 5 mL of respective
dissolution media with added 2% v/v, Tween 80 as surfactant. Then,
dialysis bag was dipped into a beaker containing 50 mL of dissolu-
tion media, and kept on biological shaker ‘‘(LBS-030S-Lab Tech,
Korea)” at 100 rpm, temperature 37 �C. At fixed time interval,
1 mL of sample was withdrawn and compensated immediately
with respective media, the collected samples were analyzed for
drug content after suitable dilution by UV spectroscopy at kmax

331 nm (Shi et al., 2014). The release data were fitted to various
kinetic models in order to know the release pattern of GFT from
developed nanoparticles.

2.10. Morphology by scanning electron microscopy (SEM)

Morphological analysis of GFT loaded PLGA-NPs and GFT loaded
CS-PLGA-NPs was performed by scanning electron microscopy ‘‘
(Zeiss Leo 1450 SEM, Oberkochen, Germany)” operated at an accel-
erated voltage of 5 kV.

2.11. In vitro cytotoxicity studies- MTT assay

The cells from the logarithmic growth phase of A549 cells were
seeded in the density of 2 � 104 cells per well of 96 well plate, a
5067
day before checking the cytotoxic activity of blank PLGA-NPs,
GFT loaded PLGA-NPs and GFT loaded CS-PLGA-NPs. On the next
day cells were washed twice with 1x PBS and replaced with fresh
complete media DMEMwith 10% FBS and 1% antibiotic). The differ-
ent concentration of pure GFT drug (10–25 mg/mL) and
formulations- blank PLGA-NPs, GFT loaded PLGA-NPs and GFT
loaded CS-PLGA-NPs have added five times the concentration of
pure GFT such as (50 to 125 mg/mL) and incubated it for 24 h at
37 �C. Control wells in which no drugs were added and maintained
to determine the cell survival and percentage of live cells in the cell
culture. After 24 h, of incubation, 10 mL of MTT (10 mg/mL) was
added in each well and incubated it for 3 h at 37 �C. The yellow
color of MTT is reduced to dark colored formazan only by viable
cells. After the removal of medium, 200 mL of acidified isopropyl
alcohol (0.04 N HCl) was added and kept on slow speed shaker at
room temperature for 10 to 15 min. The color developed was quan-
tified with an ELISA plate reader (570 nm) using Bio-Tek micro-
plate reader (Li et al., 2019). All the experiments were performed
in triplicate, and the relative cell viability (%) was expressed as a
percentage relative to the untreated control cells.

2.12. Counting of cells by trypan blue and morphological changes in
A549 cells

For counting the live and adhered A549 cells, cells were
Trypsinsed by using 0.25% Trypsin-EDTA (Gibco), washed and
resuspended in 1 mL media. 25 mL of sample was mixed with
25 mL of 0.4% trypan blue (Gibco) by gently tapping the eppendroff,
and then 20 mL of the mixture was loaded into the chamber of the
hemocytometer. Counting were performed under 40� objective
according to standard methodology. The morphological changes
in A549 cells were observed under phase contrast inverted micro-
scope after incubating the cells for 24 h in 24 well plate and treat-
ing the cells with and without different concentration of pure GFT
(10, 15, 20, and 25 mg/mL), blank PLGA-NPs, GFT loaded PLGA-NPs
and GFT loaded CS-PLGA-NPs (50, 75, 100, and125 mg/mL).
3. Results

3.1. Evaluation of particle size, polydispersity index (PDI) and zeta
potential (ZP)

The size, PDI, and ZP of the developed NPs are presented in
Table 2. The size of the prepared NPs was found in the range of
443–527 nm. The size of GFT loaded CS-PLGA-NPs (527 nm) was
measured bigger in comparison to GFT loaded PLGA-NPs
(443 nm), probably due to chitosan coating on the PLGA NPs
(Fig. 1). The PDI values of the prepared NPs were found in the range
of 0.242–0.279, which clearly indicates the formation of monodis-
persed NPs. The ZP of the blank PLGA NPs, GFT loaded PLGA NPs
and GFT loaded CS-PLGA-NPs were measured in negative values,
�14.4 mV, �12.8 mV and +16.9 mV, respectively,

3.2. Drug entrapment efficiency (%EE) and drug loading (%DL)

The EE and DL of GFT loaded PLGA-NPs were measured as
85.65% and 2.15%, respectively. However, EE and DL for GFT loaded



Table 2
Particle characterization and encapsulation efficiencies of the developed NPs.

Formulae Particle Size (nm) ± SD PDI ZP (mV) %EE ± SD %DL ± SD

Blank PLGA-NPs 443 ± 5.4 0.261 ± 0.06 �14.4 ± 2.1 –
GFT loaded PLGA-NPs 489 ± 4.1 0.242 ± 0.02 �12.8 ± 1.8 85.65 ± 3.7 2.15 ± 0.24
GFT loaded CS-PLGA-NPs 527 ± 6.3 0.279 ± 0.04 +16.9 ± 0.7 82.46 ± 5.2 2.34 ± 0.16

Fig. 1. Particle size measured by diffraction light scattering (DLS) technique. (A)—GFT loaded PLGA-NPs; (B)—GFT loaded CS-PLGA-NPs.
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CS-PLGA-NPs were measured as 82.46% and 2.34%, respectively
(Table 2).
3.3. Differential scanning calorimetry (DSC) studies

A comparative DSC spectrum of pure GFT, GFT loaded PLGA-
NPs, and GFT loaded CS-PLGA-NPs are shown in Fig. 2. The DSC
spectra of pure GFT showed a sharp endothermic peak at 199 �C
as reported in literature (Gidwani et al., 2018). A diminished
endothermic peak of GFT was observed in GFT loaded PLGA-NPs.
A broad endothermic peak of PLGA could be seen near 85 �C in
GFT loaded PLGA-NPs, that is completely disappeared in GFT
loaded CS-PLGA-NPs, probably due to coating of chitosan over
Fig. 2. Comparative DSC thermograms of p
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PLGA NPs. However, no peak of GFT was observed in GFT loaded
CS-PLGA-NPs, which indicated the complete encapsulation of GFT
in polymer.
3.4. Fourier transform infrared (FTIR) studies

The FTIR spectra of pure GFT, GFT loaded PLGA-NPs and GFT
loaded CS-PLGA-NPs are shown in Fig. 3. In the spectra pure GFT,
typical peaks at 2866 cm�1 is attributed to the OAH stretching,
1709 cm�1 for C@O, 1625 cm�1 for C@N stretching 1113 cm�1

for CAO stretching and 1010 for C-F stretching (Liu et al., 2017).
Compared to the pure GFT, absorption peaks at fingerprint region
(1600–400 cm�1) were disappeared or weakened in both GFT
ure GFT and developed nanoparticles.



Fig. 3. Comparative FTIR spectra of pure GFT and developed nanoparticles.
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loaded PLGA-NPs and GFT loaded CS-PLGA-NPs, indicating a suc-
cessful entrapment of the drug inside polymeric matrix.

3.5. X-ray diffraction (XRD) studies

X-ray diffractometer pattern of pure GFT, blank PLGA-NPs, GFT
loaded PLGA-NPs and GFT loaded CS-PLGA-NPs are shown in Fig. 4.
Pure GFT showed characteristic intense peaks at 19.3�, 20.6�, 22.5�,
24�, 38.1� and 44.3� as reported in literature (Chen et al., 2017).
Fig. 4. Comparative XRD spectra of pure

5069
The sharp peaks of GFT disappeared completely in GFT loaded
PLGA-NPs and GFT loaded CS-PLGA-NPs, indicating that GFT was
dispersed molecularly with the polymer in NPs.

The dissolution behavior of free GET, GFT loaded PLGA-NPs and
GFT loaded CS-PLGA-NPs examined in two buffer at pH 5.0 and 7.4
(Fig. 5). Free GFT drug was released quickly in both dissolution
media. In contrast, an initial burst drug release on 2 h was
observed as 68.2% and 56.4% at pH 5.0, 50%, 42.6% at pH 7.4, from
GFT loaded PLGA-NPs and GFT loaded CS-PLGA-NPs, respectively.
GFT and developed nanoparticles.



Fig. 5. Comparative release profile of pure GFT and developed nanoparticles.

A.S. Alshetaili Saudi Journal of Biological Sciences 28 (2021) 5065–5073
The initial burst release of drug from NPs could be due to presence
of free or adsorbed surface drug. The burst release may reduce the
efficacy and causes adverse effects. The strong burst release was
reduced and sustained in both GFT loaded PLGA-NPs and GFT
loaded CS-PLGA-NPs to enhance the efficacy of drug. However,
due to charge attraction between drug and chitosan in GFT loaded
CS-PLGA-NPs exhibited more sustained release of drug in compar-
ison to GFT loaded PLGA-NPs (Fig. 5) (Chen et al., 2017). The release
data was fitted to various kinetic models in order to know release
mechanism of GFT from GFT loaded PLGA-NPs and GFT loaded CS-
PLGA-NPs. Based on best fitted correlation coefficients (R2), the
developed polymeric nanoparticles followed the Krosmeyer–Pep-
pas model with R2 values 0.9791 (pH 5.0), 0.9805 (pH 7.4) and
0.9780 (pH 5.0), 0.9804 (pH 7.4) for GFT loaded PLGA-NPs and
GFT loaded CS-PLGA-NPs, respectively. The kinetic data indicated
simultaneous release mechanism of GFT by diffusion of water into
polymer, swelling of the polymeric matrix, and dissolution
(Supramaniam et al., 2018).

3.6. Morphology by scanning electron microscopy (SEM)

Surface morphology of freeze dried GFT loaded PLGA-NPs was
observed smooth and spherical in shape with aggregation. How-
ever, GFT loaded CS-PLGA-NPs were observed as rough spherical
aggregated particles, probably due to coating of chitosan on PLGA
nanoparticles. The size of GFT loaded PLGA-NPs and GFT loaded
CS-PLGA-NPs particles was found to be close to DLS measured par-
ticles (Fig. 6).

3.7. In vitro cytotoxicity studies- MTT assay

The cytotoxicity activity of pure GFT, blank PLGA NPs, GFT
loaded PLGA NPs, and GFT loaded CS-PLGA-NPs were performed
on A549 lung cancer cells using MTT assay, as discussed in detail
Fig. 6. SEM images; (A)—GFT loaded PLGA
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in material and methods section. The histogram plot of the per-
centage of cell viability versus the different concentrations of drugs
is presented in Fig. 7. To determine the effectiveness of formulated
nanoparticles, GFT loaded PLGA NPs, and GFT loaded CS-PLGA-NPs
as compared to the pure GFT, blank PLGA NPs, we performed a cell
viability assay on A549 cells with different concentrations of blank
PLGA NPs, GFT loaded PLGA NPs, and GFT loaded CS-PLGA-NPs
were taken five times that of pure GFT concentration. Both GFT
loaded PLGA NPs and GFT loaded CS-PLGA-NPs illustrated a
significant decrease in cell viability at concentration from 50 to
125 mg/ml.

* p < 0.005 highly significant. Compared between control vs. A,
B, C and D at all concentration. # p < 0.005 highly significant. Com-
pared between A treated with 10 mg/mL vs. B, C and D nanoparti-
cles having 50 mg/mL concentration. Similarly, y p < 0.005 highly
significant. Compared between the A treated with 15 mg/mL vs. B,
C and D nanoparticles having 75 mg/mL concentration. ¥
p < 0.005 highly significant. Compared between A treated with
20 mg/mL vs. B, C and D nanoparticles having 100 mg/mL concentra-
tion. £ p < 0.005 Highly significant. Compared between A treated
with 25 mg/mL vs. B, C and D nanoparticles having 125 mg/mL
concentration.
3.8. Counting of cells by trypan blue and morphological changes in
A549 cells

The cytotoxicity activity of pure GFT, blank PLGA-NPs, GFT
loaded PLGA-NPs and GFT loaded CS-PLGA-NPs were performed
with A549 cells using MTT assay, as discussed in detail in material
and methods. The histogram plot of the percentage of cell survival
versus the different concentrations of drugs is presented in Fig. 7.
To determine the effectiveness of formulated nanoparticles GFT
loaded PLGA-NPs and GFT loaded CS-PLGA-NPs as compared to
the pure GFT and blank PLGA-NPs, cell viability assay was per-
-NPs; (B)—GFT loaded CS-PLGA-NPs.



Fig. 7. Viability of A549 cells after 24 h exposure to varying concentration (10–25 ng/mL) of pure GFT and their five times concentration (50–125 ng/mL) of blank PLGA NPs,
GFT loaded PLGA NPs, and GFT loaded CS-PLGA-NPs determined by MTT assay. The data are expressed as the mean of two independent experiments and error bars represents
the standard deviation. (A)—pure GFT; (B)—blank PLGA NPs; (C)—GFT-CS-PLGA-NPs; (D)—GFT-PLGA-NPs.
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formed on A549 cells with different concentrations of pure GFT,
blank PLGA-NPs, GFT loaded PLGA-NPs and GFT loaded CS-PLGA-
NPs. The viability of A549 cells decreases significantly with the
increasing concentration of pure GFT loaded PLGA-NPs and GFT
loaded CS-PLGA-NPs when compared to that of GFT, blank PLGA-
NPs. Based on the above result of the MTT assay, the percentage
of A549 cell viability decreases with the increasing concentration
Fig. 8. Phase contrast images of morphological changes observed in A549 cells after exp
PLGA-NPs; (D)—GFT-PLGA-NPs.
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of GFT loaded CS-PLGA-NPs. The microscopic analysis as shown
in Fig. 8 and counting of viable cells as shown in Table 3 validates
the cytotoxicity of developed NPs The morphological changes of
A549 lung cancer, when treated with PLGA-NPs, GFT loaded
PLGA-NPs and GFT loaded CS-PLGA-NPs with increasing concentra-
tion (50–125 mg/ml), apoptosis and generation of debris were
observed with a marked cell number reduction (Table 3), the cells
osure of different concentrations. (A)—pure GFT; (B)—blank PLGA NPs; (C)—GFT-CS-



Table 3
Live cells counting by Trypan blue staining after 24 h treatments.

Control (Cell Count/mL) Conc. (mg/mL) Pure GFT
(Cell Count/mL)

Conc.
(mg/mL)

Blank PLGA-NPs
(Cell Count/mL)

GFT Loaded PLGA-NPs
(Cell Count/mL)

GFT Loaded CS-PLGA-NPs
(Cell Count/mL)

5 � 104 10 2.1 � 104 50 3.0 � 104 3.0 � 104 2.3 � 104

15 2.7 � 104 75 3.2 � 104 2.4 � 104 1.1 � 104

20 1.4 � 104 100 3.0 � 104 1.5 � 104 1.0 � 104

25 1.2 � 104 125 2.8 � 104 1.0 � 104 1.0 � 104
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experienced maximum changes with increasing concentration of
GFT loaded CS-PLGA-NPs in the morphology, apoptosis and gener-
ation of debris as shown in Fig. 8 as compared to pure GFT, blank
PLGA-NPs, and GFT loaded PLGA-NPs.

4. Discussion

The purpose of this study was to develop GFT-PLGA-NPs and
GFT-CS-PLGA-NPs and magnify the activity of GFT by enhancing
bioavailability and sustainability in the treatment of non-small cell
lung cancer. The large dose, side effects and non-targeting limits
the therapy in lung cancer. The PLGA and chitosan coated PLGA
NPs could be a novel alternatives to overcome these problems by
enabling delivery of GFT to the target site (Arafa et al., 2020;
Nafee et al., 2007).

GFT loaded PLGA NPs and GFT-CS-PLGA-NPs were prepared by
single emulsification technique (Anwer et al., 2019). The developed
NPs were evaluated for their particle characteristics, and particle
size, PDI and ZP were measured as 489 nm, 0.242 and �12.8 mV
for GFT loaded PLGA NPs and 527 nm, 0.279 and +16.9 mV for
GFT-CS-PLGA-NPs, respectively (Table 2). This size of the particles
greatly influences the tumour targeting of anti-cancer drugs by
various means including circulation, biodistribution, accumulation,
and penetration mechanism (Dadwal et al., 2018). The ZP of the
blank PLGA NPs and GFT loaded PLGA NPs were measured in neg-
ative values, �14.4 mV and �12.8 mV, respectively, the negative
values of ZP was measured due to carboxylic group present on
the surface of PLGA polymer (Kocbek, et al., 2007). However, ZP
of GFT loaded CS-PLGA NPs were measured in positive value
(+16.9 mV), probably due to the presence of an amino group of chi-
tosan on the surface of NPs, which indicated a successful surface
coating of chitosan on PLGA NPs. Due to surface coating of chitosan
over PLGA nanoparticles, zeta potential of the PLGA nanoparticle
surface changed from a negative charge to positive value, making
the drug carriers have a greater affinity to lung cancer cells
(Shukla et al, 2014). The high drug encapsulations were observed
both in GFT loaded PLGA-NPs and GFT loaded CS-PLGA-NPs, prob-
ably due to a reduction of drug leakage from NPs (Table 2). DSC,
FTIR and XRD analysis of GFT loaded PLGA NPs and GFT-CS-
PLGA-NPs suggested the absence of free crystalline GFT and com-
plete encapsulation within polymer. The in vitro drug release stud-
ies showed burst release initially from NPs could be due to
presence of free or adsorbed surface drug (Anwer et al., 2019).
The burst release may reduce the efficacy and causes adverse
effects. The strong burst release was reduced and sustained in both
GFT loaded PLGA-NPs and GFT loaded CS-PLGA-NPs to enhance the
efficacy of drug. However, due to charge attraction between drug
and chitosan in GFT loaded CS-PLGA-NPs exhibited more sustained
release of drug in comparison to GFT loaded PLGA-NPs (Fig. 5)
(Chen et al., 2017). Surface morphology of the NPs were studied
by SEM, and found spherical in shape.

In cell viability study, GFT loaded PLGA NPs and GFT loaded CS-
PLGA-NPs showed a decrease in cell viability from 46 to 4% and 31
to 0.9%, respectively, against A549 cell lines. Based on the above
results, the maximum decrease in percentage cell viability was
observed with GFT loaded CS-PLGA-NPs in comparison to other
formulae.
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In addition, the microscopic analysis and counting of viable cells
also supports the cytotoxicity data of cytotoxicity studies against
A549 cell lines. A marked reduction in cell number was observed.

5. Conclusions

In conclusion, GFT loaded PLGA-NPs and GFT loaded CS-PLGA-
NPs were prepared using a single emulsion and evaporation tech-
nique, and NPs formation was confirmed by particle characteriza-
tion, in vitro release studies, and MTT assay against lung cancer
cell lines. The developed NPs benefits from their nano-size and
positive surface charge of chitosan that promise a magnified effi-
cacy against lung cancer. The GFT loaded CS-PLGA NPs offers a
unique formulation approach to sustained the drug release with
better efficacy against A549 lung cancer cell line.
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