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ABSTRACT: Nanostructured zinc oxide (ZnO) materials have been
intensively studied because of their potential applications in cancer therapies.
However, a better comprehension of the toxicity of the flower-like ZnO
nanostructures toward cancer cells is still needed. In this study, we investigate
the cytotoxicity of a ZnO flower-like nanostructure produced at low
temperature via aqueous solution in human cervical carcinoma (HeLa) cells
and noncancerous cell-line murine fibroblast (L929) cells. Nanotoxicology
effects were analyzed to study apoptosis and necrosis processes, reactive
oxygen species production, and cellular uptake. Cells remained incubated for
24 h in concentrations of 0.1, 1.0, and 10.0 μg mL−1 ZnO nanoparticles (NPs),
with the estimated rods length varying from 1.7 ± 0.4 to 2.3 ± 0.4 μm,
synthesized at different times (4, 2, and 0.5 h) by an aqueous solution method.
The cytotoxic response observed in noncancerous and cancer cells showed that
all of the ZnO NPs synthesized by an aqueous solution exhibited enhanced
toxicology effects in cancer cells. ZnO flower-nanostructures exhibited a higher cytotoxic against cancer HeLa cells, in
comparison to the noncancerous cell line L929. The cytotoxic response of ZnO NPs at 0.5, 2, and 4 h in L929 cells was not
statistically significant. This ability may be of clinical interest because of the effectiveness of ZnO NPs to distinguish between
normal and cancer cells in cancer therapy.
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1. INTRODUCTION

Nanomaterials based on transition-metal elements, such as zinc
oxide (ZnO), have been considered potential candidates for
medical applications. These nanomaterials are currently applied
in industrial processes (such as textiles, antibacterial products,
etc.) that are available for consumers.1,2 Recently, Barui et al.
(2012) studied the interaction of ZnO nanoflowers on the
angiogenesis process.3 The authors suggested that ZnO
nanoflowers may be used as new therapeutic alternatives for
cardiovascular and ischemic diseases exhibiting excellent
proangiogenic activity, observed in vitro and in vivo.3

ZnO nanostructures have also been intensively investigated
because of their intrinsic characteristics, which make them
potential candidates for the treatment of different types of
cancer.4 However, both types of interactions that may occur
between ZnO nanoparticles (NPs) and biological systems, as
well as their possible toxicity, are unknown. There are very few
studies conducted on the safety, toxicology, and exposure of
ZnO NPs to normal and cancer cells. Indeed, the effects of
these nanoscale materials on human health and the environ-
ment are not conclusive. Thus, a better comprehension
regarding their use in cancer therapy and their potential
toxicity is clearly needed.
The aqueous solution route is one of the most popular

methods for ZnO NP preparation using zinc dichloride

(ZnCl2), with the solution pH adjusted with NH4OH, to
synthesize one-dimensional ZnO powders or supported on
transparent conductor substrates.5−10 In a previous paper, a
detailed contribution to the literature involving this method
addressing the one-dimensional ZnO growth mechanism and
its optical properties was carried out.9 In agreement with the
literature, it was found that the formation of ZnO using this
methodology follows two main processes, in which the one at
low temperature (below 100 °C) affects the rod length, whereas
a competition between the rod growth and nucleation is
reached from higher temperatures.11−13 Because a few studies
have reported the effects of ZnO flower-like nanostructures on
cancer and noncancerous cells, this study was aimed at
evaluating the toxicological effects of ZnO flower-like
nanostructures on cervical carcinoma human (HeLa) and
noncancerous fibroblast (L929) cells. Moreover, the present
study intended to demystify the use of ZnO nanostructures for
medical applications, showing that it can be used for cancer
therapy without inducing serious damage to the noncancerous
cells.
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2. EXPERIMENTAL SECTION
2.1. Reagents and ZnO Synthesis. All commercial chemicals

were used as received, and all of the solutions were prepared using
Millipore distilled water (18.2 MΩ·cm resistivity).
ZnO nanostructures were synthesized using an aqueous solution

route under hydrothermal conditions at low temperature, as previously
reported and detailed by Cunha and Souza (2013). Following a typical
procedure, a solution containing 50 mmol L−1 of ZnCl2 (Carlo Erba
Reagents, 97%) was synthesized by adding NH4OH (Vetec, 28−30%)
under continuous stirring until the required pH 10.5 was reached for
complete dissolution. The as-prepared solution was maintained at a
constant temperature (90 °C) for different periods (0.5, 2, and 4 h).
After each period, the solutions were quickly transferred to an ice bath
to stop the kinetic reaction. Then the powders were washed by
centrifugation and dried.
2.2. Characterization. The phase formation of all samples was

evaluated via X-ray diffraction (XRD) measurements (Bruker D8
Focus) in the range of 2θ = 25−140° using Cu Kα radiation (λ =
1.5405 Å) and a step size of 0.02°. The ZnO NP shape and size were
investigated using scanning and transmission electron microscopies
(SEM and TEM; FEI Company models Inspect F50 and Tecnai F20,
200 kV source). For the following characterizations, the samples were
prepared as water dispersions with a concentration of 158 mg L−1. ζ
potential and dynamic light scattering (DLS) measurements were
carried out for all samples. Electronic absorbance and photo-
luminescence (PL) spectroscopies were performed at 25 °C using a
Varian Cary 50 Scan UV−vis spectrophotometer (tungsten lamp) and
a Varian Cary Eclipse fluorescence spectrophotometer (xenon flash),
respectively. Details on the optical characteristics of the ZnO materials
are described elsewhere.9 The ζ potential and DLS were evaluated in a
dispersion containing a cell culture medium (with additional 10% fetal
bovine serum) and ZnO nanostructures at pH 7.2, using a Malvern
Zetasizer Nano ZS equipment.
2.3. HeLa and L929 Cell Culture. All procedures for cell culture

were conducted in a well-controlled environmental atmosphere to
avoid endotoxin contamination. HeLa and L929 adherent cells were
provided by the Federal University of Rio de Janeiro (cell bank of the
UFRJ), Rio de Janeiro, Brazil. The cells were subcultured in 75 cm2

flasks (TPP, Trasadingen, Switzerland) in Dulbecco’s modified Eagle
medium (DMEM; Vitrocell, Saõ Paulo, Brazil). Cells were maintained
in the presence of L-glutamine (2 mmol L−1) and penicillin/
streptomycin (100 IU mL−1) with the addition of fetal bovine
serum (FBS; 10%, Vitrocell). The cells remained in the appropriate
conditions at constant temperature (37 °C) in an atmosphere of 5%
CO2 (Thermo Electron Co. incubator). The cell morphology was
analyzed using an inverted microscope coupled to a Nikon camera
(Nikon Eclipse Ti, Tokyo, Japan). Stock solutions of the NPs were
sterilized to avoid contamination and prepared as previously
mentioned using DMEM with 10% FBS in a sterile atmosphere
immediately before cell incubation (item 2.4). The number of viable
cells before each experiment was evaluated using trypan blue dye
(Sigma-Aldrich, USA).14 The number of viable cells incubated before
each assay was 99% (data not shown).
2.4. Incubation of the Cells with ZnO NPs. To investigate the in

vitro toxicity of ZnO nanoflowers, HeLa and L929 cells were
incubated with 0.1, 1.0, and 10.0 μg mL−1 ZnO NP for 24 h at 37 °C
in 5% CO2. Negative control experiments containing only cells
without ZnO NP were also performed. Positive control without ZnO
NPs containing only cells with doxorubicin (Pharmacia & Upjohn,
Italy) was analyzed.
2.5. Flow Cytometry Assays. The percentage of positive cells for

fluorescence in apoptosis and necrosis was analyzed using the
FACSCalibur flow cytometry (BD Biosciences, San Jose, CA) with
BD Cell Quest software. The recommended experimental procedures
were performed daily by using BD Calibryte (BD Biosciences) to
guarantee flow cytometry calibration.
2.6. Cytotoxicity Assays: Apoptosis and Necrosis. HeLa and

L929 cells (1 × 106 cells mL−1) in the presence of ZnO NPs were
placed onto individual plates (TPP). The samples were then collected

and washed twice with a cold sterile buffer. Apoptosis and necrosis
were determined by flow cytometry after staining with Annexin V-
FITC/propidium iodide (PI; Annexin V-FITC apoptosis kit, Becton
Dickinson, BD Biosciences, San Jose, CA) according to the
instructions provided by the provider company. They were analyzed
by 10000 events per experiment as percentages of positive cells.

2.6.1. Hoechst Staining. Imaging of the cell nucleus was performed
using the Hoechst 33342 dye (Sigma-Aldrich, USA) to analyze the
apoptotic nuclear morphology. The cells were fixed using 4%
paraformaldelyde for 30 min, washed, and stained using Hoechst
33342 (2 μg mL−1). The cell morphology was analyzed using confocal
fluorescence microscopy (Zeiss LSM 780 confocal microscope).

2.7. Reactive Oxygen Species (ROS) Intracellular Generation.
HeLa and L929 cells were treated with three different concentrations,
as described in section 2.4, and under the same conditions. The
negative control group was also evaluated without ZnO NP. After 24 h
of NP exposure, cells were incubated in the presence of 10 μM
nonfluorescent 2,7′-dichlorodihydrofluorescein diacetate (DCFH-DA;
Sigma-Aldrich, USA) for 1 h at 37 °C. DCFH-DA is converted into a
fluorescent 2,7′-dichlorodihydrofluorescein (DCF) molecule upon
ROS generation. Fluorescent ROS intracellular generation by ZnO NP
(tests) and H2O2 (positive control) was investigated using a
FACSCalibur flow cytometer taking 10000 cells per sample.

2.8. Cell Uptake. The cellular uptake of ZnO NPs was also studied
by side-scattered light (SSC) flow cytometry15 using a FACSCalibur
flow cytometer (Becton Dickinson, San Jose, CA).

2.9. Statistical Analysis. Data are expressed as the mean ±
standard deviation (SD) of at least three independent assays.
GraphPad Prism 5.01 software was used for statistical analyses. The
differences between the ZnO NP-treated samples and the controls
were analyzed by one-way analysis of variance (ANOVA) followed by
the posthoc Tukey test. p < 0.05 was considered to be statistically
significant.

3. RESULTS
The fundamental studies to evaluate the characteristics of the
synthesized ZnO nanostructure were carried out before this
material was submitted for toxicology analysis.

3.1. Structural and Morphology Properties. Figure 1
illustrates the XRD patterns for ZnO NPs, from which only a

bare ZnO phase is identified. XRD patterns were analyzed using
the standard ZnO catalog no. 36-1451 as the reference. The
latter analyses indicated that the synthetic chemical route used
was efficient to produce metal oxide nanostructures at low
temperature without further treatment. The lattice parameters
for ZnO NPs were determined from the experimental data

Figure 1. XRD patterns for all images of ZnO nanostructures
synthesized by the aqueous solution route under hydrothermal
conditions at 90 °C at different times for 0.5, 2.0, and 4.0 h.
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depicted in Figure 1. The estimated cell parameters (a ∼ 3.249
± 0.003 and c ∼ 5.207 ± 0.005) and volumes (v ∼ 47.59 ±
0.01) for all samples confirmed the formation of bare ZnO. No
significant effect of the synthesis time on the lattice parameters
was observed, in agreement with previous papers.16

ZnO morphology evolution was analyzed by SEM. Top-view
SEM images exhibited in Figure 2 illustrate the formation of
nanostructures with flower shape, which is expected for
synthetic routes in which the precursor solution has its pH
adjusted to ∼10.5.9,10 SEM images of the ZnO NPs obtained at
different periods show flowers composed of rodlike hexagons
on the top face (Figure 2a−c). The rod length was statistically
determined from 2.3 ± 0.4 to 1.7 ± 0.4 μm, respectively, using
Image J (free software). The average rod diameter was
estimated at 250 nm for all samples. The mechanisms and
parameters that control the formation of ZnO NP with a flower
shape had been the subject of recent investigations.9,10

3.2. Optical Analysis. The electronic transition spectra of
all ZnO NPs exhibited a well-defined band between 360 and
390 nm. This band is related to the ZnO NP optical band gap,
which can be affected by the presence of different particle
sizes.13 Optical band-gap energies between 3.18 and 3.20 eV
were estimated using the experimental data illustrated in Figure
1Sa (Supporting Information). As observed in Figure 1Sb
(Supporting Information), the PL measurements revealed a UV
emission band at around 390 nm, and two additional bands in
the visible range from 544 to 620 nm.17 The presence of
additional emission bands observed in the ZnO NP PL spectra
is often related to the NP shape, size, and native defects.18−21

The presence of native defects and several morphologies were
intensively investigated in the literature, which is commonly
attributed to the synthetic procedure conditions.6,9,11,17 A
detailed investigation on the optical characterization of ZnO
NPs obtained using the synthetic routes employed here was
carried out by Cunha and Souza (2013),9 revealing that
different ZnO nanostructures can be designed upon adjustment
of the synthesis time and temperatures. This is not the purpose
of the present study; however, because the ZnO NP was
pointed out as a potential candidate to kill cancerous cells, an

interesting research could be focused on evaluating the impact
of the different morphologies, dimensions, and presence of
defects on the health (toxicology effects).

3.3. Size Distribution of the Nanoflowers. Table 1
illustrates the ZnO NP hydrodynamic diameter and charge (ζ
potential) values determined before and after their addition to
the cell culture medium (containing 10% FBS). The hydro-
dynamic diameters are shown in the Supporting Information
(Figure 2S).
The cell uptake was analyzed by the SSC flow cytometry

tool, as shown in Table 2. The SSC intensity measurement in

HeLa and L929 cells was statistically significant (p < 0.05) at
10.0 μg mL−1 (Table 2). The results from the SSC intensity
showed that the HeLa cell uptake was higher than that in the
L929 cells.
Apoptosis (Figure 3) and necrosis (Figure 4) in HeLa cells

induced by ZnO NPs synthesized at 90 °C for different reaction
times (0.5, 2, and 4 h) showed a significant toxicity (p < 0.05).
The increase was approximately 30% for apoptosis to NPs
synthesized for 2 and 4 h (1.0 and 10.0 μg mL−1) and 50% for
necrosis in HeLa cells at all concentrations in comparison to

Figure 2. Field-emission SEM images of ZnO nanostructures synthesized by an aqueous solution route under hydrothermal conditions at 90 °C for
(a) 0.5 h, (b) 2 h, and (c) 4 h.

Table 1. ζ Potential and Hydrodynamic Diameter As Prepared and in a Cell Culture Medium Containing 10% FBSa

NPs
ζ potential (mV) as
prepared in water

ζ potential (mV) in a cell culture
medium containing 10% FBS

hydrodynamic diameter (nm)
as prepared in water

hydrodynamic diameter (nm) in a cell culture
medium containing 10% FBS

ZnO NP (4
h)

+27.4 −8.44 ± 1.9 1.4 ± 0.6 7.53 ± 1.3

ZnO NP (2
h)

+28.4 −8.94 ± 0.1 1.0 ± 0.6 7.61 ± 1.6

ZnO NP
(0.5 h)

+26.0 −6.46 ± 0.51 0.9 ± 0.5 8.72 ± 2.0

aThe data are reported as mean ± SD of quadruplicate experiments.

Table 2. Cellular Uptake by SSC Flow Cytometry
Assessments after 24 h of Incubationa

% SSC

treatment (10.0 μg mL−1) HeLa cancer cell L929 fibroblast cell

negative control 100.0 ± 0.0 100.0 ± 0.0
ZnO NP (4 h) 154.2 ± 0.9b,c 105.0 ± 1.7
ZnO NP (2 h) 154.7 ± 0.1b,d 111.2 ± 0.1b

ZnO NP (0.5 h) 164.2 ± 2.5b 109.1 ± 3.8b

aThe data are reported as mean ± SD of triplicate experiments. The
negative control % SSC was considered as 100%. bStatistically different
from the negative control group (ANOVA, Tukey’s Multiple
Comparison Test; p < 0.05). cStatistically different ZnO NP 4 h
versus ZnO NP 30 min group in a HeLa cell (ANOVA, Tukey’s
Multiple Comparison Test; p < 0.05). dStatistically different ZnO NP
2 h versus ZnO NP 30 min group in a HeLa cell (ANOVA, Tukey’s
Multiple Comparison Test; p < 0.05).
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negative control, after 24 h of exposure (Figures 3a and 4a,
respectively). No apoptosis was induced in HeLa cells by ZnO
NPs synthesized for 4 h at 0.1 and 1.0 μg mL−1, synthesized for
2 h at 0.1 μg mL−1, and synthesized for 0.5 h at 1.0 μg mL−1. In
L929 cells, the apoptosis and necrosis processes were significant
(p < 0.05) for all samples tested (Figures 3b and 4b,
respectively). However, apoptosis and necrosis were almost
10 times higher in the HeLa cells (Figures 3a and 4a,
respectively) than in the L929 cells (Figures 3b and 4b,
respectively). Apoptosis was further confirmed by fluorescence
microscopy. Image analysis of the nucleus showed the control
and cells−ZnO nanostructures using Hoechst 33342 staining
(Figure 5). This analysis revealed important properties of the
nucleus: the control cells exhibited spherical and homogeneous
nuclei (Figure 5a), whereas the cells treated with ZnO
nanoflowers (10 μg mL−1 concentration and incubated for 24
h) showed characteristics of apoptosis, such as chromatin
condensation in apoptotic cells and apoptotic bodies (Figure
5b−d).

To confirm the potential of the ZnO NPs to cause oxidative
stress in HeLa and L929 cells, the percentages of ROS
production were investigated (parts a and b of Figure 6,
respectively). These results were statistically significant (p <
0.05) for all concentrations from the three ZnO NPs tested in
both cells, in comparison to the negative control group.

4. DISCUSSION
The mechanism and influence of the temperature and pH in
the formation of ZnO nanoflowers will not be addressed in the
present paper, but details about the synthesis condition can be
found in work by Cunha and Souza (2013).9 From the
absorbance (Figure 1Sa) and PL (Figure 1Sb) spectra, the
band-gap energies were determined in the range from 3.18 to
3.20 eV for all ZnO NPs. For ZnO NPs synthesized for 2 and 4
h under hydrothermal conditions, the band-gap energy was 3.2
eV, which represents the value reported for standard ZnO
crystals. These results show that the synthetic method used
here provided high-quality ZnO NPs obtained at temperatures
below 100 °C and at relatively short synthetic times.22

The other parameter investigated here and affected by the
ZnO nanoflower morphology and size was the hydrodynamic
diameter (Dh) because Dh is estimated by DLS following the

Figure 3. Effects of ZnO NPs on the percentage of apoptosis in HeLa
(a) and L929 (b) cells. The data are reported as mean ± SD.
*Statistically different from the negative control group (ANOVA,
Tukey’s Multiple Comparison Test; p < 0.05).

Figure 4. Effects of ZnO NPs on the percentage of necrosis in HeLa
(a) and L929 (b) cells. The data are reported as mean ± SD.
*Statistically different from the negative control group (ANOVA,
Tukey’s Multiple Comparison Test; p < 0.05).
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Stokes−Einstein equation, which has a close relationship to the
hard sphere and liquid adherence on its surface. The high
surface area due to longer rod length observed by samples
prepared in 0.5 h could support the bigger Dh found because of
their higher area for dipole interaction and light scattering.
Indeed, the exponential decay is closely related to the particle
size, which correlates a fast decay with smaller particles. Herein
the nanoflower size/diameter is smaller for increasing synthesis
times (0.5−6 h; see work by Cunha and Souza, 2013,9 for
synthesis details). At longer periods of synthesis from 2 to 6 h
under hydrothermal conditions at constant temperature, a
competition between nucleation and redissolution processes
takes place favoring the size reduction and rod maturation. This
could explain the smaller rod lengths observed in SEM images
for ZnO NP samples prepared from 2 to 4 h in comparison
with those prepared at 0.5 h. If the precursor solution remains
under hydrothermal conditions for longer periods, viz., over 6
h, the nucleation process could become predominant again,
increasing the rod length and favoring different rod top-face
formations.
Hydrodynamic diameter and ζ potential measurements were

performed for ZnO nanostructures before and after incubation
in a cell culture medium, as described in section 2.4. The results
are shown in Table 1. It is known that the proteins present on
FBS may strongly adsorb on the NPs, therefore stabilizing the
suspensions and preventing aggregation, due to the so-called
Corona phenomena.23 In our studies, alterations of the ζ
potential and hydrodynamic diameter of ZnO NPs caused by
FBS are shown in Table 1.
Data from the literature regarding the toxicology effects of

ZnO NPs have increased substantially. However, the
comparison between cancer and normal responses induced by
ZnO NP-like nanoflowers synthesized at low temperatures via
an aqueous solution or its interaction with cancer cells remains
poorly explored. In this study, we advanced in this topic, upon

investigating the in vitro toxic impact of ZnO NPs on HeLa and
L929 cells (Figures 3 and 4). The key parameter that could
determine the difference in the results observed here is the
synthesis time because it enables us to control the overall size
of the nanostructure. When the precursor solution is subjected
to a hydrothermal condition at temperature higher than 85 °C,
a supersaturation level is reached favoring nuclei formation in a
basic pH. As a consequence, a rapid rodlike formation and
maximum length growth is achieved in a short time, such as
presented here (a maximum rod length after 0.5 min confirmed
by the SEM images). The ZnO nanoflowers prepared at 2 h
exhibited high surface area available for biological interactions
and chemical reactions, which could enhance their toxicological
effects and ability to kill cancer cells.
To demonstrate the cellular uptake of ZnO NP, the SSC with

and without NPs was also studied.15 ZnO NPs were more
internalized in HeLa rather than in L929 cells, as shown in
Table 2 (p < 0.05). Cellular uptake demonstrated by SSC flow
cytometry assessments (Table 2) showed that HeLa was
capable of internalizing more efficiently ZnO NPs than L929
cells. Moreover, the internalization of ZnO NPs induced cell
death through oxidative stress-dependent pathways (Figure
6a,b). NPs accumulating intracellular ROS may be an essential
factor for necrosis. The decreased viability of cancer cells
strongly suggests that oxidative stress, caused by ZnO NPs,
resulted in cell death or apoptosis.
Recent evidence suggests that the cytotoxicity of ZnO NPs

occurred through ROS and genotoxicity in cancer cells.23 ROS
production has been reported for a range of nanomaterials
causing injury, which can be one of the primary mechanisms of
toxicology effects for NPs.24−27 Chandrasekaran and Pandur-
angan (2015)28 showed that ZnO NPs exhibited more
pronounced in vitro cytotoxicology effects against C2C12
(cancer) than 3T3-L1 (normal fibroblast) cell lines, suggesting
a selective antiproliferative effect.28

Figure 5. Confocal fluorescent images of HeLa cells stained with Hoechst 33342: (a) negative control. ZnO nanostructure-treated cells at 10 μg
mL−1 showing apoptotic cells with condensed or fragmented nuclei (indicated by arrows) synthesized at (b) 0.5 h, (c) 2 h, and (d) 4 h.
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In our study, as shown in Figures 3a and 4a, a dose-
dependent significant increase in apoptosis and necrosis
(approximately 30% and 80%, respectively) was observed in
the HeLa cell, especially for ZnO NPs synthesized with a 2 h
reaction time (p < 0.05) at 1.0 and 10 μg mL−1. On the other
hand, a slight and significant increase in apoptosis and necrosis
(5% and 10%, respectively) was observed in L929 non-
cancerous cells (Figures 3b and 4b, respectively). Similarly,
significant and elevated levels of ROS production were
observed in all concentrations in HeLa cells (approximately
80%; Figure 6b) compared to L929 cells (approximately 25%;
Figure 6a). ZnO flower-like nanostructures exhibited a strong
ability to damage cancer HeLa cells, in comparison to
noncancerous L929 cells.
Cell death was induced by ZnO nanostructures, which can

also be detected by morphological features. Apoptosis is
probably the mechanism responsible for cell death through
excessive ROS generation. The cell morphology was evaluated
to confirm that ZnO nanostructure caused cell death through

an apoptotic process with ROS generation. The nuclear
fragmentation and condensation visualized with Hoechst
33342 staining provided additional evidence of apoptosis.
Taken together, data from the present study demonstrated

that ZnO nanoflowers produced at a 2 h reaction time induced
ROS generation, leading to toxicology effects in HeLa cancer
and L929 noncancerous cells. Probably, this intracellular
signaling pathway may be responsible for apoptosis or cell
death. ZnO nanoflowers exhibited a preferential ability to kill
cancer cells in comparison to noncancerous cells.

5. CONCLUSION
In conclusion, our data demonstrated that the use of increased
doses (0.1, 1.0, and 10.0 μg mL1) of ZnO NPs induced higher
levels of apoptosis and necrosis in HeLa cancer cells, in
comparison to the ones observed for noncancerous L929 cells.
We have shown that the decrease in the cell viability was due to
the induction of oxidative stress responses. This ability may be
of clinical interest, as in cancer therapy. Our results pointed to
the selective ability exhibited by the ZnO nanostructures to
induce more pronounced toxic effects in cancer cells, in
comparison to noncancerous cells, which may shed light in this
field, demystifying the use of oxide NPs in medical applications,
with reduced side effects to normal cells.
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