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In this work, ZnO nanoparticles (NPs — L5 and L10) are biosynthesized using 5 mL and 10 mL leaf extract of
Azadirachta indica, respectively. As-prepared L5/L10 NPs revealed hexagonal wurtzite structure while their
surface is attached with phytochemicals coating. FESEM micrographs confirmed 50 — 120 and 30 — 70 nm rod-
shaped L5/L10 ZnO nanoparticles. DLS study showed hydrodynamic sizes 580.41/356.2 nm and zeta potential
values of —47.17/—51.70 mV for L5/L10, respectively indicating their good colloidal stability. The anticancer

activity of L5/L10 NPs is evaluated via MTT assay which confirmed that the cell viability of A549 cells is
significantly reduced depending on the dosage of L5/L10 NPs. Moreover, ICsq values are obtained as 125.64 and
115.63 pg/mL for L5 and L10, respectively. Furthermore, flow cytometry reveals 88 % and 89.3 % arrest of the
G1 phase of the cell cycle due to the anticancer effect of L5 and L10 NPs, respectively.

1. Introduction

Nowadays, the demand for metal oxide nanoparticles (MONPs)
based nanotechnology has tremendously increased, particularly in the
biomedical and pharmaceutical sectors. However, there is a mandate to
synthesize biocompatible MONPs by cost-effective and eco-friendly
strategies rather than utilizing conventional techniques such as sol-
-gel, hydrothermal method, laser ablation, microwave-assisted, ball
milling and many other methods [1-6]. Therefore, plant extract medi-
ated (using various plant parts) and microbe mediated (using bacteria,
fungi and yeast) biosynthesis of nanoparticles has attracted huge
attention due to their inexpensive and nontoxic nature [7-11]. Several
MONPs such as NiO, Fe,0s3, TiO5, CuO, ZnO, Cry03, SnO,, CdO and
Eupy03 MONPs with a variety of sizes and shapes have been naturally
prepared via biosynthesis method [12-23]. Besides, plant extracts (ob-
tained from leaf, bark, stem, flower, and root) consist of biomolecules/
phytochemicals such as polyphenols, alkaloids, terpenoids, poly-
saccharides etc. can act as both reducing agents and capping/stabilizing
agents in the biosynthesis approach.

Biosynthesized ZnO nanoparticles (NPs) are widely investigated in
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various applications particularly in antibacterial, antidiabetic, photo-
catalytic, anticancer and anti-inflammatory activities due to their
unique physicochemical properties including chemical stability, low
toxicity, wide bandgap (~3.37 eV, n-type semiconductor) and so on
[24-30]. Cancer is a deadly disease due to uncontrollable growth/di-
vision of cells and the cause of death for the increased number of pa-
tients day by day. Among the different types of cancer (breast, lung,
ovarian, prostate and so on), the death rate and prevalence of lung
cancer are more frequent. Recently, nanomedicine is evolving as an
alternative treatment for the prevention and cure of cancer to overcome
side effects associated with clinically available chemotherapy, radio-
therapy, and surgery techniques.

There are many reports available where biosynthesized ZnO NPs
have been studied for their in vitro and in vivo anticancer activity
[31-33]. It is reported that many phytochemicals are present in the
Azadirachta indica (Neem tree) leaves [34,35]. Besides, phytochemicals
present in Neem leaf have been proven to exhibit antimalarial, antiviral,
antioxidant, antibacterial, antiulcer, antifungal and anticarcinogenic
activities [36]. In this work, we have reported biosynthesis of rod-
shaped ZnO NPs (L5 and L10) using 5 mL and 10 mL leaf extract of
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Azadirachta indica, respectively and evaluation of their anticancer ac-
tivity on A549 lung cancer cells. Comparative studies of L5 and L10 NPs
have been carried out to investigate their physicochemical properties
and cell viability/morphology/apoptosis induction capacity on A549
cell lines using assays like MTT assay, crystal violet assay, and flow
cytometry.

2. Materials and methods

All the required chemicals/reagents are of analytical grade and used
without any further purification. Sodium hydroxide (NaOH) flakes and
zinc sulphate heptahydrate (ZnSO4-7H20) were obtained from Central
Drug House (P) Ltd - CDH, India whereas methanol and dimethyl sulf-
oxide (DMSO) were procured from SRL, India. A549 (human lung
adenocarcinoma) cells were acquired from the National Cell Repository
of Animal Cells (NCCS), Pune, India. MTT (3-(4, 5-dimethylthiazol-2-yl)-
2, 5-diphenyltetrazolium bromide) and DMEM (Dulbecco’s modified
Eagle’s medium) were obtained from Sigma Aldrich, USA. Acridine or-
ange (AO), Propidium iodide (PI), Crystal violet, and RNase were pro-
cured from Bangalore Genei. FBS (Fetal bovine serum) was procured
from Invitrogen. Azadirachta indica (Neem) leaves were acquired from
the garden of the Department of Chemistry, University of Delhi.

2.1. Preparation of Azadirachta indica leaf extract

The fresh leaves of Azadirachta indica were washed several times
with double distilled water to remove dust particles and any sticky
materials. The cleaned leaves were dried at room temperature (RT) for a
few hours and then finally dried in the oven for 2 h at 60 °C. After
drying, leaves were chopped and powdered with the help of a mixer
grinder. Next, 25 g of powdered leaves were taken in a beaker con-
taining 100 mL of double-distilled water. The mixture was heated on a
hot plate at 40 °C for 30 min and then cooled to RT. After cooling, the
resultant leaf extract solution was filtered using Whatman filter paper
and further utilised for the synthesis of ZnO nanoparticles.

2.2. Leaf extract mediated biosynthesis of ZnO NPs

A solution of zinc sulphate (0.2 M) was prepared in a beaker using
double distilled water. To this solution, 5 mL of as-prepared leaf extract
was added followed by dropwise addition of 1 M NaOH solution. The
beaker containing the resultant mixture solution was heated on a mag-
netic hot plate at 40 °C for 120 min with constant stirring. After cooling
to RT, the resultant white precipitate of ZnO NPs was washed with
diluted alcohol several times. Finally, the washed ZnO NPs were dried in
an oven for 6 h at 80 °C to obtain dry powders. The obtained ZnO
powders are labelled as L5 and stored in a glass vial for further char-
acterization. Likewise, ZnO NPs were synthesized using 10 mL of as-
prepared leaf extract and labelled as L10.

2.3. Characterization of ZnO NPs

The phase purity, surface coatings, morphology (size and shape),
particle size distribution and zeta potential of the as-synthesized ZnO
nanoparticles (L5 and L10) were characterized by Powder X-ray
Diffractometer (PXRD, D8 Discover, Bruker), UV-visible spectroscopy
(UV-vis, Epoch™ Microplate Spectrophotometer, BIO-TEK®, USA),
Fourier transform infrared spectroscopy (FTIR, 55-Spectrometer,
Bruker, USA), thermogravimetric analysis (TGA, SF/1100, Mettler
Toledo), field emission scanning electron microscope (FE-SEM, JSM-
6610LV, JEOL Inc, Japan), and dynamic light scattering (DLS, nano-
Partica SZ-100-Z, Horiba) techniques, respectively.

Powder X-ray diffraction (PXRD) pattern was recorded using an X-
ray source (CuK, A = 1.54056 10\) in the 20 range of 20°-80° and 0.0194°/
sec scan rate. UV-vis absorption spectrum was recorded in the range of
200-800 nm and FT-IR spectrum was recorded using ATR (Attenuated
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total reflection) mode in a wavenumber range of 4000-400 cm L. TGA
was performed to determine the percentage of weight loss in the tem-
perature range of 35-800 °C with a heating rate of 10 °C/min. FESEM
was operated at 20 kV accelerating voltage. DLS was used to determine
the zeta potential and hydrodynamic size which respectively represent
the colloidal stability and particle size distribution of the ZnO NPs
dispersed in an aqueous suspension.

2.4. Cell culture

A549 (human lung adenocarcinoma) cells were cultured in DMEM
medium supplemented with 10 % (v/v) heat-inactivated FBS (fetal
bovine serum). Subsequently, all cultures were maintained at 37 °C in a
humidified atmosphere containing 5% CO». Thereafter once every 2-3
days, the cells were passaged and a log of the arithmetic growth phase of
the A549 cells was taken to perform different experiments namely MTT
assay, crystal violet assay and flow cytometry analysis.

2.5. MTT and crystal violet assay

MTT (cytotoxicity) assay was carried out to determine the viability of
A549 cells in presence of as-prepared ZnO NPs (L5/L10). The mito-
chondrial dehydrogenase enzymes present in the living cells can convert
yellow soluble MTT to purple insoluble formazan precipitate as a result
of cleavage of the tetrazolium ring. Briefly, 5 x 10* cells/well were
seeded in 96 well plates and incubated overnight in DMEM to accli-
matize (37 °C, 5% CO-). After that, the cells were treated with different
concentrations of ZnO NPs (100, 150, 200 and 250 pg/mL) in a CO4
incubator at 37 °C for 24 h and 48 h. Then culture media was removed 4
h before termination and replaced with fresh medium (18 pL) and MTT
solution (20 uL, 5 mg/mL in PBS). For the remaining 4 h, the plate was
incubated in the dark humidified atmosphere in CO> in an incubator at
37 °C. Finally, the media was removed and the formed crystals of for-
mazan were dissolved by adding DMSO (100 pL/well) and the optical
density (OD) value was recorded using an Epoch™ Microplate Spec-
trophotometer (BIO-TEK, USA) at 570 nm. ICs( (concentration at which
50 % inhibition occurs) was determined by the linear regression from
the dose-response curve. Also, the following equation was used to
calculate the % cell viability.

Percent cell viability = (OD value of treated sample/OD value of control
sample) * 100

Crystal violet assay was a perforator to notice the morphology of
A549 cells. Briefly, plating of A549 cells was done in a 6 well plate and
left undisturbed overnight to adhere. Then adhered cells were treated
with an ICsp dose of as-synthesized ZnO NPs (L5/L10) for 48 h. The
medium was removed and cells were washed thrice with PBS. After that
100 % methanol was used to fix the cells for 1 min duration. Then crystal
violet was used to stain the cells for less than 60 s duration. Next, the
plate was washed thrice using tap water and then allowed to dry.
Finally, stained cells were visualized under a normal inverted micro-
scope (Nikon) at 200x magnification.

2.6. Acridine Orange/Propidium Iodide (AO/PI) staining

A double AO/PI staining procedure was used to know the effect of
ZnO NPs on inducing apoptotic cell death of A549 cells. Briefly, plating
of A549 cells was done in 6 well plates and incubated overnight to
adhere. Then, the cells were exposed to a corresponding ICs dose of as-
synthesized ZnO NPs (L5/L10) for 48 h.

2.7. Flow cytometry for cell cycle analysis

Flow cytometry was performed to determine the quantification of
DNA content. It is a widely used method for the investigation of different
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phases of the cell cycle. A flow cytometer (BD accuri C6 cytometer) was
used for the cell cycle analysis. A549 cells were treated with a corre-
sponding ICs( dose of as-prepared ZnO NPs (L5/L10) for 48 h. Concisely,
about 1x10° cells were harvested and resuspended in PBS. The resus-
pended solution was centrifuged, and the obtained pellet was fixed with
70% chilled alcohol prepared in PBS. Then, incubation of cells was done
for 60 min at —20 °C followed by washing of samples twice with PBS and
again incubated in a staining solution containing 200 pL of PI and 50 pL
of RNase solution. Finally, samples were again incubated in dark for 30
min at room temperature (RT).

2.8. Statistical analysis

All cytotoxic results on A549 cell lines were analysed with one way
ANOVA followed by Dunnett’s multiple comparison tests. The Graphpad
Prism 6 version software was used and p < 0.05 was considered statis-
tically significant.

3. Results and discussions
3.1. Powder X-ray diffraction (PXRD)

Fig. 1 shows the PXRD pattern of as-prepared ZnO NPs (L5/L10) and
Table 1 shows 26 values of corresponding diffraction peaks with respect
to the Miller indices (hkI) planes. The obtained pattern is well matched
with the wurtzite crystalline structure (hexagonal phase) JCPDS #
36-1451 [37,38]. Additionally, the intense and sharp peaks ascertain
the perfect crystalline structure of the as-synthesized ZnO NPs. More-
over, no impurity peak is observed confirming the phase purity of ZnO
NPs (i.e., absence of any secondary phase).

3.2. UV-visible analysis

The formation of ZnO NPs is also confirmed by UV-vis spectroscopy.
Fig. 2(a) shows the absorption spectra of the as-synthesized ZnO NPs
(L5/L10) while Fig. 2(b) and (c) represent corresponding tauc plots of L5
and L10 NPs, respectively. The maximum absorption peaks for L5 and
L10 are obtained at 350 nm and 270 nm, respectively. The absorbance
peak can be attributed to the intrinsic bandgap of ZnO due to the tran-
sition of electrons from the valence band to the conduction band [39]. A
similar absorbance peak position of ZnO NPs has been reported by
various researchers [40-42]. Furthermore, the corresponding bandgap
energy for L5 and L10 is calculated as 2.26 eV and 2.60 eV using the tauc
plots as shown in Fig. 2(b) and (c), respectively which is similar to the
reported bandgap energy value of 2.6 eV for ZnO NPs [43].

Intensity(a.u.)

20 30 40 50 60 70 80
2 Theta (degree)

Fig. 1. PXRD pattern of the biosynthesized ZnO nanoparticles (L5 and L10).

Table 1
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Represents the 20 values of the observed diffraction peaks of the biosynthesized
ZnO nanoparticles (L5 and L10) and corresponding miller indices planes.

S. No. 26 (L5) 26 (L10) (hkD)
1. 31.22 31.70 100
2. 33.88 34.40 002
3. 35.72 36.20 101
4. 46.98 47.50 102
5. 56.1 56.50 110
6. 62.34 62.58 103
7. 65.84 65.92 200
8. 67.44 67.54 112
9. 68.58 68.68 201
10. 72.16 72.26 004
11. 76.48 76.70 202

3.3. FT-IR analysis

The presence of phytochemicals coatings attached to the surface of
biosynthesized ZnO NPs are identified by FT-IR spectroscopy. Fig. 3
depicts the FT-IR spectrum of as-synthesized ZnO NPs (L5/L10). The
peaks at 906.37 cm ™!, 838.88 cm ™}, 842.73 em~1,713.53 ecm ™2, 711.60
em ), 617.10 cm ! and 615.18 cm™! can be associated to numerous
phytochemicals (aromatics) present in the aqueous leaf extract of Aza-
dirachta indica [44]. The corresponding bands at around 3494.38 em?,
3407.6 cm™ !, and 3208.96 cm ™! are related to O—H stretching and the
bands at 1504.20 cm™' and 1446.35 cm™! are associated with O—H
bending, while 1417.42 cm™ ! bands conforming to C=C stretching
mode in aromatic compounds. In addition, 1031.73 cm™!, and 1116.58
em™! bands are assigned to C—O stretching modes and 1105.01 cm™?
bands are correlated to C—N stretching of amines respectively [45,46].
Moreover, the bands obtained at 539.97 cm ™~ and 478.25 cm ™! can be
associated with Zn—O stretching.

3.4. TGA analysis

Fig. 4 depicts the TGA curves of the biosynthesized ZnO NPs (L5/
L10). It can be seen that major weight losses occurred in two stages. The
first weight loss occurred in the temperature range of ~35-103 °C due to
evaporation of physically adsorbed moisture and the second weight loss
occurred in the temperature range of ~103-400 °C attributed to the
decomposition of phytochemicals coatings which are attached to the
surface of ZnO NPs [44,47]. After that, again % mass loss is occurring up
to 900 °C continuously similar to the TGA results reported by Moharram
et al. [48]. It is estimated from the TGA result that the amount of the
phytochemicals coatings capped to the surface of ZnO NPs is 87.15 wt%
in L5 and 90.58 wt% in L10.

3.5. FE-SEM analysis

The FE-SEM micrographs of the prepared ZnO nanoparticles (L5 and
L10) are presented in Fig. 5. The FE-SEM micrograph of L5 (Fig. 5(A))
shows the rod shape morphology with hexagonal ends with a diameter
in the range of ~50-120 nm. Whereas the FE-SEM micrographs of L10
(Fig. 5 (A) and (C)) show the twisted rod shape morphology where ZnO
nanorods with a diameter in the range of ~30-70 nm. Moreover, as-
prepared L10 nanorods are thinner and more agglomerated compared
to as-synthesized L5 nanorods which are found to be relatively well
dispersed. Similar rod shape morphology has also been reported by
several authors [49-51].

3.6. DLS/Zeta analysis

Figs. 6 and 7 revealed the plots of hydrodynamic sizes and the zeta
potential graphs of the biosynthesized ZnO nanoparticles (L5 and L10),
respectively. The hydrodynamic sizes (Dy) are determined as 580.41 nm
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Fig. 2. UV- visible absorbance spectrum (a) and corresponding tauc plots (b and c) of the biosynthesized ZnO nanoparticles (L5 and L10), respectively.
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Fig. 3. FT-IR spectrum of the biosynthesized ZnO nanoparticles (L5 and L10).

and 356.2 nm for L5 and L10 NPs, respectively. The larger Dy, values of
biosynthesized L5/L10 NPs can be related to the interactions of surface-
attached phytochemicals onto the surface of ZnO NPs nanoparticles in
their aqueous suspension [47,52]. Furthermore, L5 NPs revealed a
higher Dy, value due to a larger amount of surface-attached phyto-
chemicals coatings (determined by TGA) than that of L10 NPs. Zeta
potential ({) values are measured as —47.17 mV and —51.70 mV for L5
and L10 NPs, respectively. A similar { value of —44 mV has been re-
ported by Alyamani et al. for ZnO NPs biosynthesized using Phlomis leaf
extract [53]. Likewise, Eltarahony et al reported the { value of —53.4 mV
for the biosynthesized ZnO NPs [54]. Moreover, negative { values
(below —30 mV) of L5/L10 indicate high colloidal stability of the bio-
synthesized ZnO NPs in aqueous suspension [55,56].

3.7. Effect of biosynthesized ZnO NPs (L5/L10) on the viability of A549
cells

MTT assay was carried out to examine the effect of biosynthesized
ZnO NPs on the viability of lung cancer (A549) cells using different
concentrations of L5/L10 NPs. The OD value was recorded at 570 nm
using the microplate reader. The number of live cells was reflected in the
absorbance value at two different time intervals (24 h and 48 h). The
larger OD value indicates a greater number of live cells. Fig. 8(a) and (c)
depicts the OD values of the A549 cells treated with L5 and L10 NPs at
various concentrations (100, 150, 200 and 250 pg/mL) of ZnO NPs up to
48 h time intervals, respectively. Fig. 8(b) and (d) represent the corre-
sponding cell viability graphs for L5 and L10 NPs, respectively.

It can be seen that the viability of A549 cells decreases with the in-
crease in the concentration of L5/L10 nanoparticles (in a dose-
dependent manner in both cases). It can be also observed that cell
viability is significantly reduced at an incubation period of 48 h at the
various concentrations (100, 150, 200 and 250 pg/mL) of ZnO nano-
particles. Moreover, the obtained ICsq values are determined as 125.64
pg/mL and 115.63 pg/mL at 48 h incubation for L5 and L10 NPs,
respectively. Similar studies are reported by other groups using bio-
synthesized ZnO nanoparticles on different cancer cell lines [57,58].

3.8. Effect of biosynthesized ZnO NPs (L5/L10) on the morphology of
A549 cells

The effect of biosynthesized ZnO NPs (L5/L10) on the morphology of
A549 cells is investigated via a crystal violet assay where the cells were
imaged at 200x magnification in an upright microscope (Nikon) after
staining them using a crystal violet. Fig. 9 (a) and (b) represent the
crystal violet stained micrographs of A549 cells treated with L5 and L10
ZnO nanoparticles, respectively and their comparison with the cells
treated with chemically synthesized ZnO NPs (reported earlier [59]). In
the case of L5 ZnO NPs, the cells were treated with ICso dose (125.64 pug/
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Fig. 4. TGA curves of the biosynthesized ZnO nanoparticles (L5 and L10).

Fig. 5. FE-SEM micrographs of the biosynthesized ZnO NPs: (A) for L5 shown in (A) and (B), (C) for L10 (yellow coloured Text labelling is uniform for all

three images).

mL) whereas in the case of L10 ZnO NPs, the cells were treated with ICsq
dose (115.63 pg/mL) respectively for 48 h. It can be predicted that
shrinkage of cells that was accompanied by rounded cell morphology,
reduced cell number and poor cell adhesion are occurred due to the
treatment L5/L10 NPs. Moreover, it can be also predicted that L10 ZnO
NPs have higher anticancer effect on the morphology of A549 cells than
L5 ZnO NPs.

3.9. Induction of apoptosis in A549 cells by biosynthesized ZnO NPs (L5
and L10)

It is reported that anticancer activity of biosynthesized metal oxide
nanoparticles (MONPs) is occurred due to the induction of apoptosis
[60]. The main reason behind the induction of apoptosis is the genera-
tion of reactive oxygen species (ROS) by MONPs. The increase in ROS
leads to oxidative stress. In response to this oxidative stress, protein
denaturation and lipid peroxidation occurred. This is then followed by
DNA damage and necrosis, which leads to cell death by apoptosis [61].
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Fig. 8. (a) and (c) depict the OD values of A549 cells treated with L5 and L10 NPs, respectively at different concentrations (100, 150, 200 and 250 pg/mL) of ZnO
NPs and at two different time intervals (24 h and 48 h). Data is represented in triplicate by performing three separate experiments. Fig. 8. (b) and (d) represent the
corresponding cell viability of A549 cells treated with L5 and L10 NPs, respectively. Data are represented as mean + SD. (p < 0.05%, p < 0.01°, p < 0.001°).
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(a) LS

(b) L10

Fig. 9. (a) and (b) represents the morphology of human lung cancer A549 cells treated with L5 and L10, respectively. (A) No treatment (Control group), (B) Cells
treated with ZnO NPs synthesized using wet chemical method (reported earlier [59]), (C) Cells treated with only leaf extract, (D) Cells treated with biosynthesized
ZnO NPs (L5/L10) using leaf extract with corresponding ICsy dose, at 200x magnification.

Moreover, Sulaiman et al. also reported that the induction of apoptosis
by biosynthesized iron oxide nanoparticles occurred due to disruptions
in mitochondrial-mediated apoptotic pathways [62]. The occurrence of
apoptosis can be confirmed by looking carefully at the specific changes
that occurred in the morphological characterizations of cells. These
specific changes include cell shrinkage, chromatin condensation, and
cytoplasmic or nuclear fragmentations. To confirm the induction of
apoptosis in A549 cells, an acridine orange (AO) and propidium iodide
(PI) dual staining study was done. PI staining can display dead cells
whereas AO staining can exhibit healthy cells or early apoptotic cells
with fragmented DNA. Fig. 10 (a) and (b) represent the fluorescent (AO/
PI) micrographs of A549 cells treated with biosynthesized ZnO NPs with
a corresponding ICso dose (125.64 pg/mL) of L5 and ICsy dose (115.63
pg/mL) of L10, respectively and their comparison with the cells treated
with chemically synthesized ZnO NPs (reported earlier [59]). After that,
the A549 cells were visualised under a fluorescent microscope (Nikon)
to analyse viable cells, early apoptosis and late apoptosis phases.

We have observed indications of cell death such as early apoptosis,

secondary necrosis and chromatin condensations for A549 cells treated
with both L5 and L10 NPs. The presence of green coloured intact nuclei
in the untreated A549 cells confirmed the presence of viable cells (VC)
after 48 h (i.e. cell is healthy and it has not undergone any changes like
apoptosis, or necrosis). Moreover, early apoptosis (EA) and secondary
necrosis (SN) stages were seen for both cases at corresponding ICs( doses
of L5 and L10 NPs. The indication of these morphological changes
confirmed the induction of apoptosis in A549 cells treated with bio-
synthesized ZnO NPs (L5 and L10).

3.10. Cell cycle analysis by flow cytometry

Cell cycle analysis was conducted to examine the interfering ability
of biosynthesized ZnO NPs (L5 and L10) with the cell cycle pattern.
Furthermore, to investigate the distribution of cell cycle phases in A549
cells treated with both L5 and L10 NPs, flow cytometry analysis was
carried out after 48 h exposure with ICsy dose of both ZnO NPs. Fig. 11
(a) and (b) depict flow cytometry analysis of cell cycle arrest in A549

(a) L5

(b) L10

Fig. 10. Apoptosis and morphological analysis of A549 cells treated with (a) L5 and (b) L10 NPs and double-stained with AO and PI as observed under a fluorescent
microscope (Nikon): (A) Cells without treatment, (B) Cells treated with ZnO NPs synthesized using wet-chemical method (reported earlier [59]), (C) Cells treated
with only leaf extract, (D) Cells treated with biosynthesized ZnO NPs (L5/L10) using leaf extract with corresponding ICso dose (where EA: early apoptosis; VC: viable
cells and SN: secondary necrosis).
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Fig. 11. Flow cytometry analysis of cell cycle arrest in A549 cells treated with (a) 125.64 pg/mL of L5 and (b) 115.63 pg/mL of L10 NPs for 48 h. The percentage
distributions of the cell cycle are shown in the bar diagram. (A) Cells without treatment, (B) Cells treated with ZnO NPs synthesized using wet-chemical method
(reported earlier [57]), (C) Cells treated with only leaf extract, (D) Cells treated with biosynthesized ZnO NPs (L5/L10) using leaf extract with corresponding

ICso dose.

cells treated with biosynthesized ZnO NPs on exposure to ICso dose of
125.64 pg/mL of L5 and 115.63 pg/mL of L10 NPs for 48 h, respectively.
Moreover, Table 2 represents the % of cell cycle phase arrest by both
biosynthesized ZnO NPs (L5 and L10). It can be seen that 88 % and 89.3
% of arrests of the G1 phase of the cell cycle occurred due to the

Table 2
The cell cycle phase arrest by the green synthesized zinc oxide nanoparticles (L5
and L10).

S. No. Cell cycle phase ZnO (L5) ZnO (L10)
1 G1 phase 88.0% 89.3%

2 S phase 5.7% 4.5%

3 G2 phase 3.0% 3.3%

anticancer effect of L5 and L10 NPs, respectively. Shamasi et al. have
reported the importance of Rubia tinctorum-mediated ZnO nanoparticles
in the induction of apoptosis against MCF-7 cell lines [63]. They have
revealed an increase in % of cells in the G1 phase from 30% to 80 %
when they are treated with increased concentration of biosynthesized
ZnO nanoparticles. Likewise, Yakop et al. have studied the apoptotic
activity of silver nanoparticles which were synthesized using Clinacan-
thus Nutans leaf extract [64]. They have observed significant changes in
the G1 phase of the HSC-4 cell lines when treated with biosynthesized
silver nanoparticles. The authors also demonstrated from the flow
cytometry results that the % of G1 phase of the HSC-4 cell lines increases
from 58.63% =+ 1.15 to 85.83% =+ 2.68 because of their treatment with
the biosynthesized silver nanoparticles at an increase of incubation time
(i.e., from 2 h to 4 h).
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4. Conclusion

In this present work, we have successfully biosynthesized ZnO
nanorods in an inexpensive and eco-friendly manner. Herein, 50-120
and 30-70 nm rod-shaped L5 and L10 NPs are synthesized using 5 mL
and 10 mL leaf extract of Azadirachta indica (Neem tree), respectively.
As-prepared L5/L10 has revealed a pure hexagonal wurtzite (crystalline)
structure and their surface is attached with phytochemicals coating with
the amount of 12.85 wt% in L5 and 9.42 wt% in L10. DLS study showed
hydrodynamic sizes 580.41/356.2 nm and zeta potential values of
—47.17/-51.70 mV for L5/L10, respectively indicating their good
colloidal stability in an aqueous suspension. The anticancer activity of
as-synthesized ZnO NPs (L5/L10) is evaluated on A549 lung cancer cell
lines via MTT, crystal violet, and flow cytometry assay. MTT assay
revealed the ICs( values of biosynthesized ZnO nanoparticles as 125.64
pg/mL for L5 and 115.63 pg/mL for L10, respectively. As the amount of
leaf extract increased for biosynthesis, we observed a more cytotoxic
effect (as indicated by the lower value of ICsg in the case of L10) by the
ZnO nanoparticles. Moreover, the flow cytometry study depicted the
arrest of the G1 cell cycle phase of 88% with L5 and 89.3% with L10 NPs,
respectively. Thus, biosynthesized ZnO nanorods (L5/L10) have great
potential to be applied as promising clinical therapeutic agents for lung
cancer treatment. However, prior knowledge of the mechanism involved
in the plant-mediated biosynthesis of ZnO NPs and in vivo extensive
experimental research is required to make the approach economically
more favourable.
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