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Abstract Lung cancer is the widespread carcinogenesis in men and the third most familiar cancer

in women. It is one of the mostly aggressive human cancers, which is responsible for around 1.4

million deaths per annum and has utmost mortality and incidence with 1.8 million new incidences

and 1.6 million new deaths yearly. In this present study, we have evaluated the anticancer potential

of zinc oxide nanopartices (ZnONPs) synthesized from a root extract of Euphorbia fischeriana (EF),

through the apoptosis signaling markers in A549 lung cancer cells. The synthesized EF-ZnONPs

were evaluated through the transmission electron microscope (TEM), Fourier transform infra

red (FTIR), UV–visible spectroscopy and dynamic light scattering (DLS) techniques. The EF-

ZnONPs were assessed for their cytotoxicity activity towards A549 cells by MTT test. The induc-

tion of apoptosis was analysed by the mitochondria membrane potential (MMP), reactive oxygen
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species (ROS), cell migration and dual staining. Furthermore, pro and anti-apoptotic signaling pro-

tein expression was evaluated by western blotting method. We found the bioformulated EF-

ZnONPs has a spherical morphology and revealed the existence of diverse bioactive compounds.

Also we found the cytotoxic effect of EF-ZnONPs. Apoptosis was activated by the EF-ZnONPs

with improved ROS, decreased MMP, inhibited cell migration and altered dual staining was

observed. Furthermore, the diminished expression of anti-apoptotic protein Bcl-2 was noted. In this

study, we observed the formulation, characterization and anticancer potency of ZnONPs of EF

plant extract (EF-ZnONPs) was useful for treatments of lung cancer.

� 2020 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

Cancer is a prime cause of morbidity and mortality about the
globe and the quantity of cases are frequently rising pre-

dictable to be 21 million by 2030 (Ismail et al., 2019). Lung
cancer is the largely widespread carcinogenesis in men and
the third most familiar cancer in women. It is one of the largely

aggressive human cancers that responsible for almost 1.4 mil-
lion deaths per annum and has utmost mortality and incidence
with 1.8 million new incidences and 1.6 million new deaths
yearly (Moon et al., 2018). Lung cancer is characterized by

four histological types of carcinoma such as adenocarcinoma,
small cell, large cell and squamous cell carcinomas (Jiang et al.,
2016).

Activation of apoptosis in cancer cell is one of the most
important challenging about cancer treatment. Nowadays,
researchers progressively more interested on the natural prod-

ucts for modifying apoptotic signaling (Zhang et al., 2014).
Apoptosis controls tissue homeostasis in animals and it has
two most important pathways: the mitochondrion or intrinsic

arbitrated pathway and the death receptor or extrinsic arbi-
trated pathway, together of which outcome in the stimulation
of diverse apoptotic proteins (Aas et al., 2015). The Bcl-2 fam-
ily markers are critical controller in the activation of caspases

and separated into pro-apoptotic (Bax) and anti-apoptotic
(Bcl-2) proteins. Both of two apoptotic markers areassociates
with find out commitment or survival to apoptosis in cells

(Gholami et al., 2013; Lindsay et al., 1813).
Development of lung cancer cell targeting drug along with

none adverse effects to the normal cells is a difficult task in the

area of cancer drug invention. The inadequate success of clin-
ical therapies containing chemotherapy, surgery, radiation and
immunomodulation in curing cancer, as evidenced by the

increase mortality and morbidity rates, which also may gener-
ate severe side effects likes lecukopenia, bone marrow depres-
sion, alopecia and anaemia because of this indication there is a
critical need of novel cancer management (Saravanakumar

et al., 2014). Use of natural products and its derivatives for
the growth of anticancer drugs are rising all over the world,
for the reason that of smaller side effects as compared to syn-

thetic drugs (Gupta et al., 2010). Medicinal plants has exten-
sively exposed for reliable and excellent resources for the
improvement of novel anti-cancer agents and exhibiting anti-

proliferation, anti-inflammation, anti-metastatic and pro-
apoptotic properties (Sun et al., 2009; Schwartsmann et al.,
2002).

The metallic nanoparticles have gained a much attention in

nowadays because of their their distinctive characteristics. In
recent years, a metallic oxide nanoparticles are examined
broadly as an promising alternative agents in the field of
biomedical science (Rahman et al., 2019; Umar et al., 2009;

Rahman et al., 2017). The diverse synthesis procedures were
executed to fabricate the metal oxide nanoparticles e.g. chem-
ical, physical, and biological approaches. The synthesis of the
metallic nanoparticles by green route method is regarded as an

eco-friendly and inexpensive technique and demonstrated the
various biological applications (Rahman et al., 2011;
Rahman et al., 2017). The plants mediated bio-fabrication of

the metal oxide nanoparticles is received the extensive interests
in various fields. The metal oxide nanoparticles have extensive
applications as an nano-medicine and diagnostics (Khan et al.,

2011; Rahman et al., 2019; Rahman, 2011).
Euphorbia fischeriana (EF), a perennial herbaceous plant

from Euphorbiaceae family and it is mostly dispersed on north
China (Barrero et al., 2011). Recent studies reported the pure

compounds and extracts of EF displayed a diversity of phar-
macological activities, containing antimicrobial, antitumor,
analgesic, immune enhancing, antiviral activities (Sun and

Liu, 2011). Among them, the investigation associated to the
anticancer properties has recently involved further interest.
Extracts of EF have been confirmed to be successful towards

various kinds of cancer, containing lung carcinoma, malignant
melanoma and hepatocellular carcinoma in mice (Wang et al.,
2010; Dong et al., 2016). For the best of our understanding,

biological techniques of with plant extract of EF the first time
as a reducing agent and surface stabilizing material for the
ZnONPs formations. A lot of research had been confirmed
on anticancer activities, but synthesis of nanoparticles specifi-

cally ZnONPs are insufficient. Therefore, in the current
research, we have investigated the biological synthesis of
ZnONPs by using the root of EF and notable these NPs by

DLS, UV–vis spectroscopy, FTIR and TEM. Moreover, the
synthesized EF-ZnONPs were determined for the anticancer
and pro-apoptotic activity against A549 cells.
2. Materials and methods

2.1. Reagents and chemicals

MTT, DMEM, PBS, EtBr, DMSO and FBS were bought in

Himedia-Lab Ltd., Mumbai, India. Zinc acetate dehydrates
and DCFH-DA is attained from Sigma Aldrich (St. Louis,
MO, USA). Entire other chemicals were utilized of diagnostic
range. The primary antibodies for, Bax, Bcl-2, and b-actin
were acquired in SantaCruzBiotechnology (SantaCruz, CA).
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2.2. Cell culture

Lung cancer (A549) cells was sustained in DMEM with 10%
of FBS and mixture antibiotics (streptomycin, penicillin and
ampicillin 100 units/mL) under defined circumstances of tem-

perature at 37�C, 95% humidity and 5% CO2. The cells obtain
80% of confluence were allowable to sub cultured using tryp-
sin solution and employed for further work.

2.3. Preparation of EF root extraction

The root of EF was collected and rinsed with double distilled
water. The root wa dried and powdered. The 2 g of EF root

powder was heat macerated with the 100 ml of distied water
at 60 �C for about 20 min. Afterward, the extract was chilled
to 37 �C and sifted using filter paper and used for the synthesis

of EF-ZnONPs.

2.4. Qualitative phytochemical analysis

The presence of main phytoconstituents like flavonoids, alka-
loids, tannins, saponins, triterpenes, anthraquinones, sterols,
polyphenols, coumarins, and proteins in the aqueous root
extract of EF were investigated as per the procedures previ-

ously mentioned by the Harbone (Harbone, 1973; Harbone,
1973).

2.5. Synthesis of EF-ZnONPs

For the biosynthesis EF-ZnONPs, the quantity of 5 g zinc
acetate dehydrate was combined with 50 ml of EF root extract

at room temperature and at 90 �C under continuous stirring
and studied the optimum time. ZnONPs were prepared after
72 h at room temperature and after 24 h at 90 �C.
2.6. Characterization of EF-ZnONPs

The characterization of synthesized EF-ZnONPs was proved
by UV–Vis spectroscopy and spectral study was done in Perki-

nElmer Lambda-45 spectrophotometer at 200–700 nm. The
morphology and size of synthesized EF-ZnONPs was exhib-
ited via TEM analysis. The EF-ZnONPs for TEM were

arranged through loading 10 mL of sample in a carbon painted
copper grid and it was was permitted to dehydrate for 15 min.
FTIR spectral analysis was measured by working in transmis-

sion mode (500–4000 cm�1) for the EF-ZnONPs sample. The
DLS was stated the size and size distribution of EF-ZnONPs.

2.7. Anticancer activity of EF-ZnONPs

2.7.1. Cell viability by MTT test

The cytotoxic properties of EF-ZnONPs were examined in

A549 cells by MTT test explained previously (Leong et al.,
2004). The A549 cells at 2 � 105cells/well were plated onto
96-wellplates. Then it was allowed to fix for 24 h previous to

supplement and then added serial dosages (0–50 lg/ml) of
EF-ZnONPs for 24 hrs. Later then, 5 mg/ml of MTT solution
was added and incubated for 4 h (5% CO2) at 37�C. After that,

MTT solutions were discarded and add DMSO in every well to
liquefy the formazan. Later than 10 min of incubation, the
absorbance was taken at 570 nm.

2.7.2. Analysis of dual staining

Morphological alterations due to apoptosis were determined
using AO/EtBr fluorescence staining (Ariffin et al., 2009).
Two various concentrations of EF-ZnONPs (10 and 15 mg/
ml) were selected for further analysis based on the MTT test.
Cells were added with extracts for 24 hrs and treated with
10 mL of the reaction mixture (1:1 acridine orange-ethidium

bromide). Later than 5 min of incubation, the cells were exam-
ined beneath the inverted microscope (Nikon Eclipse) at the
40� magnification.

2.7.3. Detection of intracellular ROS level

Intracellular ROS accretion was examined in A549 cells via the
DCFH-DA staining technique (Jesudason et al., 2008).

DCFH-DA is a fluorescent stain that can penetrate non-
fluorescent probe that was utilized to measure the intracellular
oxidant accretion status. Following treated with a range of

doses (10 and 15 mg/ml) of EF-ZnONPs, 10 lM of DCFH-
DA was added to cells and maintained for 30 min at 37 �C.
Then cells were measured at emission/excitation wavelength

of 485/535 nm in a microplate reader.

2.7.4. Determination of mitochondrial membrane potential
(MMP)

MMP level was measured via Rh-123, lipophilic cationic stain
(Johnson et al., 1980). A549 cells (1 � 106 cells/well) were
loaded in 6-wellplate and supplemented with a range of doses
(10 and 15 mg/ml) of formulated EF-ZnONPs. Later than

24hrs supplementation, cells were treated with Rh-123 for
30 min. Lastly, MMP was measured beneath the floid cell
imaging station at 485/530 nm in spectrofluorometer.

2.7.5. Cell migration assay

The A549 cells were cultured into 24–well. Later than 24 h
maintenance at 37�C, cells were wounded by a 200 ml pipette

tip to make a straight line. After 2 cleanse with PBS, different
doses of EF-ZnONPs (10 and 15 mg/ml) was treated to a cells
and then cells were incubated in a cell incubator in an environ-

ment including 5% CO2 at 37�C for 36 h. The wound width was
determined at four redefined locations when the wound was
produced and after 0, 12, 24 and 36 h. The distances among

the two edges of the wound were found at the reference points
and statistically analyzed.

2.8. Western blotting analysis

A549 cells were added with EF-ZnONPs (10 and 15 mg/ml) for
24 h to investigate the expression of apoptotic markers. The
protein quantification was completed as described earlier

(Bhat et al., 2012). The 50 lgof proteins were resolved in
12% SDS-PAGE gels and translocated onto nitrocellulose
membrane then blocked with fat less milk powder (5%). More-

over, it was developed with suitable primary antibodies (Santa
Cruz Biotechnoogy, USA) likes Bax, Bcl-Xl and Bcl-2 (dilu-
tion of 1:1000) at 4�C overnight and secondary antibodies.

The protein bands were observed by the ECL detection (Bio-
rad, USA) method.
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2.9. Statistical examination

Data was performed as mean ± standard deviation (SD). The
one-way ANOVA subsequently Duncan Multiple Range Test
(DMRT) method was utilized to evaluate the means of various
Table 1 Result of qualitative phytochemical analysis of

aqueous root extract of EF.

Phytochemicals Aqueous extract

Alkaloids +

Flavonoids +

Saponins –

Triterpenes +

Tannins –

Anthraquinones +

Polyphenols +

Sterols –

Coumarins –

Proteins +

Note: ‘+’ ? present ‘�’ ? absent.

Fig. 1 Characterization pattern of ZnONPs synthesised from EF. (a) U

distinctive absorption spectrum was noted at 330 nm, which proved th

ZnONPs. TEM analysis demonstrated the core size of EF-ZnONPs

synthesized EF-ZnONPs. DLS findings revealed a single-peak with a
groups by using SPSS 16 (SPSS, Inc., Chicago). P < 0.05 was
measured statistically relevant in all the groups.

3. Results

3.1. Result of preliminary phytochemical analysis of aqueous
root extract of EF

The qualitative phytochemical analysis of the aqueous root

extract of the EF was showed the existence of various phyto-
constituents. Table 1 revealed the presence of alkaloids, flavo-
noids, saponins, triterpenes, anthraquinones, polyphenols,

coumarins, and proteins in the aqueous root extract of EF.

3.2. Characterization of EF-ZnONPs

UV–vis spectroscopy is an imperative analytical method for
categorization of NPs, which might suggest the evidence of
ZnO synthesis due to distinctive absorption spectrum at
330 nm. It confirmaed the formation of ZnONPs in the solu-

tion. The absorption spectrum of synthesized EF-ZnONPs is
revealed in Fig. 1a.

TEM analysis demonstrated the core size of synthesized

EF-ZnONPs to be 30 nm with a spherical morphology and
V–visible spectroscopic analysis of synthesized EF-ZnOMPs. The

e formation of EF-ZnONPs. (b) TEM analysis of synthesized EF-

to be 30 nm with a spherical morphology. (c) DLS analysis of

size of regarding 40 nm and a narrow distribution at 37 �C.



Fig. 2 FTIR analysis of synthesized EF-ZnONPs. The FTIR measurements of the ZnONPs revealed numerous peaks that demonstrating

the presence of diverse functional groups in the EF-ZnONPs.
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proving the formation of zinc nanoparticles, which might have
offered stabilization of synthesized nanoparticles (Fig. 1b).

The DLS was employed to observe the size and distribution
diagram of EF-ZnONPs (Fig. 1c). DLS findings revealed a

single-peak with a size of regarding 40 nm and a narrow distri-
bution at room temperature.

The FTIR spectra studies were completed to verify the pres-

ence of various functional groups in the EF-ZnONPs (Fig. 2).
The FTIR measurements of the ZnONPs revealed the presence
of diverse functional groups, especially the peaks at

3299.76 cm�1 (alkyne), 1635.58 cm�1 (alkenes), 1388.34 cm�1

(iso propyl group), 1319.28 cm�1 (amines), 1245.25 cm�1 and
1025.62 cm�1 (esters), 779.07 cm�1 and 687.94 cm�1 (aro-
matic), 593.73 cm�1 and 529.65 cm�1 (halogen compound).

3.3. Anticancer activity of EF-ZnONPs

3.3.1. Effect of EF-ZnONPson MTT assay

To determine if EF-ZnONPs has antitumor effects in A549, an
MTT test was employed to identify the viability of A549 cells

following management with various doses (0 to 50 lg/ml) of
EF-ZnONPs for 24 h. As represented in Fig. 3, A549 cell
viability considerably lowered as the concentration of

EF-ZnONPs augmented from 0 to 50 lg/ml. The inhibitory
concentration (IC50) point of the A549 cells was found as
14.5 mg/ml and we have selected for 10 and 15 lg concentra-
tions of EF-ZnONPs for the further study.

3.3.2. Effect of EF-ZnONPs on status of AO/EtBr

AO/EtBr dual staining was executed to find out the apoptotic

cells (Fig. 4). The AO will stain the nuclei green through per-
meating into the cell membrane and EtBr will stain the nuclei
red when the lost of cytoplasmic membrane integrity. The
A549 cell treated the different concentrations (10 and 15 mg/
ml) of EF-ZnONPs demonstrated more apoptotic cells than
the control group.

3.3.3. Effect of EF-ZnONPson ROS production

The effectual of EF-ZnONPs on the accretion of ROS was
observed by adding DCFH-DA that demonstrated improved
fluorescent on production of intracellular oxidative stress
(Fig. 5). The A549 cells were treated with EF-ZnONPs result-
ing in significantly augments in the ROS generation in the
dosages of 10 and 15 mg/ml while comparing it to normal cells.

3.3.4. Effect of EF-ZnONPs on the status of MMP

Due to electrophoretic accumulates in mitochondria, the
control cells demonstrated elevated MMP with extreme green
fluorescence, whereas supplemented with different range of

EF-ZnONPs (10 and 15 mg/ml) treated A549 cells revealed
reduced green fluorescence representing apoptotic cells
(Fig. 6).

3.3.5. Effect of EF-ZnONPs on cell migration assay

The A549 cells were supplemented with EF-ZnONPs and their
cell migration potential was assessed by using a wound-healing

test (Fig. 7). The cells were added various dosages of (10 and
15 mg/ml) EF-ZnONPs significantly inhibited the migration
capability, whereas the control cells revealed increased cell

proliferation.

3.4. Effect of EF-ZnONPs on apoptotic protein expression

The expressions of apoptotic proteins in control and EF-
ZnONPs added A549 cells were exposed in Fig. 8. The normal
cells demonstrated enhanced expression of Bcl-2 while,

decreased expression o, Bax and Bid were found. EF-
ZnONPs supplementation at various dosages (10 and 15 lg/
ml) to A549 cells illustrated diminished expression of Bcl-2
and enhanced expressions of Bid andBax were observed.
4. Discussion

Nanotechnology stands for an innovative and enabling pro-

posal to generate new nanomaterials for a wide range of
biomedical and biologic applications. Nanotechnology and
nanoscience are paying attention a lot of interest due to the

exciting and unique chemical and physical possessions of the
nanomaterials (Zhao and Castranova, 2011; Wahid et al.,
2019; Rahman et al., 2018; Umar et al., 2009). One of the most

important applications of nanotechnology is its capability to



Fig. 3 EF-ZnONPs inhibit the viability of A549 cells. The A549 cell viability considerably decreased as the concentration of EF-ZnONPs

augmented from 0 to 50 lg/ml. The IC50 point of the A549 cells was found as 14.5 mg/ml and we have selected for 10 and 15 lg of EF-

ZnONPs for the further study.

Fig. 4 EF-ZnONPs activate apoptosis through activation of a dual staining method by AO/EtBr in A549 cells. The AO/EtBr stained A549

cell treated with the different concentrations of (10 and 15 mg/ml) EF-ZnONPs demonstrated more apoptotic cells than the control group.

Fig. 5 EF-ZnONPs stimulated intracellular ROS generation in A549 cells. The DCFH-DA staining of the A549 cells treated with EF-

ZnONPs resulting in significantly augmented ROS production in the dosages of 10 and 15 mg/ml when compared to control cells.
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Fig. 6 EF-ZnONPs decreased the MMP in A549 cells. The elevated MMP with extreme green fluorescence was noted at the control cells,

whereas EF-ZnONPs (10 and 15 mg/ml) treated A549 cells revealed reduced green fluorescence representing the apoptotic cells.

Fig. 7 EF-ZnONPs inhibit the cell migration of A549 cells. The EF-ZnONPs (10 and 15 mg/ml) treated A549 cells significantly inhibited

the cell migration, whereas the control cells revealed increased cell migration.
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generate nanomaterials determining less than 100 nm in a con-

trolled approach. Metal oxide in the nano range obtained dis-
tinctive activities that dependent on the size, surface chemistry
and chemical composition (Umar et al., 2009; Umar et al.,

2008). Metal oxide NPs like ZnONPs have been widely
employed in cosmetic lotions, as these metals are identified
to have effectual UV absorbing activities, thus acting as effi-
cient UV blockers. Furthermore, recently, ZnONPs have been

observing the possible for studied in cancer and biomedical
purposes due to the attractive chemical activities (Baetke
et al., 2015). In this current work, prepared EF-ZnONPs were

distinguished with FTIR spectroscopy, DLS, UV–visible and
TEM observations. FTIR spectra demonstrated the presence
of various bioactive compounds present in the formation of

EF-ZnONPs. UV–visible spectroscopy finding demonstrated
a sharp absorption in the wavelength were elucidated the basic
band gap absorption of ZnO crystals. TEM examination
revealed that ZnONPs had spherical morphology and that

the average size of 30 nm, which was finally confirmed by
DLS method.



Fig. 8 The anticancer effect of EF-ZnONPs on apoptosis

signaling pathway protein expressions in A549 cells were analysed

by western blotting. The EF-ZnONPs supplementation at various

dosages (10 and 15 lg/ml) to A549 cells illustrated diminished

expression of Bcl-2 and enhanced expressions of, Bax and Bid

were observed.
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The MTT test is a perfect technique for quantification of
living cells, which can be differentiate the living and senescent

or dead cells (Bai et al., 2017). In the current research, EF-
ZnONPs treatments displayed cytotoxicity and inhibition of
cell multiplication in A549 cancer cells in dose reliant
approach is agreeing with earlier reports by Euphorbia fischeri-

ana in B16 melanoma cells (Amaani and Dwira, 2018). Apop-
tosis is distinguished by morphological alterations likes cell
shrinkage, membrane blebbing, chromatin condensation and

DNA degradation. It plays a main role in controlling growth,
development and in the current approach, it has been an
imperative goal for the improvement of efficiency anticancer

drugs (Dong et al., 2016). Induction of apoptosis by the AO/
EtBr stains, which confirm EF-ZnONPs treated cells exhibited
chromatin condensation and nuclear fragmentation with yel-

low and orange nucleus revealing early and late apoptosis,
whereas control cells were not observed these changes. These
results were corroborated by previous studies by the Croton
bonplandianus Baill. in A549 lung cancer cells (Nirmala

et al., 2018).
ROS are either reactive anions or free radicals with perox-

ides and oxygen ions. Elevation of ROS can destroy the

plasma membrane integrity and result in DNA break, progres-
sively recognized as oxidative stress (Bhavana et al., 2016).
Though, excess ROS status is risky to cells, the anticancer

function of different treatments dependent on the capability
to excite regulated ROS formation that modifies the cellular
redox equilibrium directing to damage of mitochondria, oxida-
tive stress and resulting induction of apoptosis (Simon et al.,

2000). Several plant derivatives of natural drugs provoke the
controlled formation of ROS, which activates cell death in dif-
ferent cancerous circumstances during apoptotic pathways

(Engel and Evens, 2006). Our findings also supported this
information through mitochondrial damage, by the augmented
ROS formation and decreased MMP, which in turn controlled

the apoptotic proteins expression during the treatment of EF-
ZnONPs in A549 cells.
Apoptosis is a mainly general cell-death machineries, which
play a very important function in the usual metabolic process.
Tumor cells are differentiated via unrestrained development

ranges and failure to apoptosis (Ismail et al., 2019). Stimula-
tion of apoptosis is important for cell death mechanisms
through anticancer mediators that destroys tumor cells. Agents

that destroy or block cancer cell multiplication via activating
apoptosis are recognized as hopeful antitumor agents
(George and Abrahamse, 2019). Most phytochemicals stimu-

late apoptosis by the activation of the intrinsic apoptotic path-
ways that contains a variety of intracellular stimulus. A main
arbitrators of this cascade contain pro (Bax) and anti (Bcl-2)
apoptotic proteins (Omoyeni et al., 2015). Increased expression

of Bax can induce apoptosis, whereas augmented Bcl-2 expres-
sion can reduce apoptosis (Kang and Reynolds, 2009). A vari-
ation in the range of those proteins results to damage of

mitochondrial membrane and consequences in deliverance of
cytochrome-c, which arbitrates the induction of caspase-9
(Zheng et al., 2016). Caspases are a most important class of

proteases which participate a central function in cell death.
Bax protein, an essential segment of mitochondrial-
membrane, assists to transferring of cytochrome-c between

the membranes, thus appearance of apoptotic remains and
triggers caspase-9 and caspase-3 that ultimately lead to apop-
tosis (Fulda and Debatin, 2006; Julien and Wells, 2017). In the
current study, EF-ZnONPs treatments activate the expression

of Bax and Bid and suppressed the expression of Bcl-2 in A549
cells. Earlier studies also supported that the Euphorbia fischeri-
ana triggered apoptosis in the cultured B16 melanoma cells

(Wang et al., 2010).

5. Conclusion

In conclusion, we observed that the synthesized ZnONPs from
EF was characterized by different techniques. It was primarily
observed with the changes of color solution and UV absorp-

tion spectra also established the maximum absorbance peak.
The TEM and DLS images exhibited the size and morpholog-
ical structures of nanoparticles. The FTIR results illustrated

synthesized EF-ZnONPs having various functional groups
were observed. In addition, EF-ZnONPs induced cytotoxicity
at a concentration range 14.5 mg/ml and also activated apopto-
sis during increased ROS formation, decreased MMP, inhib-

ited cell migration, altered AO/EtBr staining and induced
pro-apoptotic and inhibited anti-apoptotic protein were
observed.
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