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Introduction 
Man-made nanoparticles and materials are being rap-
idly produced in large quantities throughout the world
[1]. Many studies conducted in the past ten years sug-
gest that nanomaterials have different toxicity profiles
compared with larger particles because of their small
size and high reactivity. As more and more nanomate-
rials are introduced into our daily life, there is a seri-
ous lack of information concerning their human health
and environmental implications [2]. The integration of
nanotechnology and biology provides the opportunity
for the development of new materials in the nanometer
size range with many potential applications in biolog-
ical sciences and clinical medicine [3-6].

Nanomedicine, which is the application of nan-
otechnology to medical problems, can offer new

approaches. With regards to cancer treatment, most
current anticancer regimes do not effectively differen-
tiate between cancerous and normal cells. This indis-
criminate action frequently leads to systemic toxicity
and debilitating adverse effects in normal body tissues
including bone marrow suppression, neurotoxicity,
and cardiomyopathy. Nanotechnology and nanomedi-
cine can offer a more targeted approach which promis-
es significant improvements in the treatment of cancer
[7,8].

Regarded as an important component in the devel-
opment of nanotechnology, nanoparticles (NPs) have
been extensively explored for possible medical appli-
cations [9-12]. As for metal oxide nanoparticles, the
small size and large specific surface area endow them
with high chemical reactivity and intrinsic toxicity. To
date, most nanotoxicity research has been focused on
individual nano-sized metal oxides. The potential tox-
icity of nanoparticles, including nickel oxide (NiO),
titanium dioxide (TiO2), carbon nanotubes, and
fullerenes, has drawn significant attention [13-16]. For
example, NiO particles have been shown to trigger
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reactive oxygen species (ROS) that cause DNA dam-
age in lungs of rats [13]. Dunnick and coworkers
showed that chronic exposure to nickel can cause lung
neoplasms in rats. It has been proposed that nickel
migrate to the nuclear membrane, where they release
nickel ions that effect DNA damage [15]. Interesting-
ly, because of its toxicity, nano-sized NiO could be
used to fight cancer. The aim of this study was to
observe the cytotoxicity and apoptotic effects of nick-
el oxide (NiO) NPs synthesized in our laboratory on
human cervix epithelioid carcinoma cell line (HeLa). 

Materials and methods
Preparation of NiO nanoparticles. The homogeneous precipita-
tion method in aqueous solution and some physicochemical prop-
erties of such oxide powders as Al2O3 and ZnO were investigated
in our previous work [17,18]. The analytical grade chemicals used
in this study, namely, NiSO4·6H2O, CO(NH2)2, 65% HNO3
(1.40 g/mL) and 25% NH3 (0.91 g/mL) were supplied by Merck
Company, Germany. Nickel oxide precursors were precipitated by
the same method from a boiling aqueous solution containing 0.30
M Ni+2 and excess urea. A 0.8 M Ni2+ stock aqueous solution was
prepared and this solution having 0.3 M Ni2+ and the ratio of
[urea]/[Ni2+]=10 were prepared by using the stock solution and
excess urea. The pH value of this solution necessary for the pre-
cipitation of Ni(OH)2 was adjusted to 6.91 by adding 0.1M NH3
solution drop by drop. The Bunsenite-NiO powder having the sur-
face area 8.0 m2 g-1(BET) was obtained by the calcination of the
precursors at 500°C for 2 hours. JEOL JEM-transmission electron
microscopy (TEM ) images were taken to determine the morphol-
ogy and dimension of the nanoparticles. X-ray diffraction (XRD)
pattern of nickel oxide were recorded by a Rikagu D-max 2200
powder diffractometre with a Ni filter and CuKα X-rays having
0.15418 nm wavelength.

Cell source and culture. Human cervix epithelioid carcinoma cell
line (HeLa) was obtained from the tissue culture collection of the
SAP Institute of Culture Collection, Ankara, Turkey. Cell culture
flasks and other plastic material were purchased from Corning,
NY, USA. The growth medium, which is Dulbecco Modified
Medium (DMEM-F12) without L-glutamine, supplemented fetal
calf serum (FCS), and Trypsin-EDTA were purchased from Bio-
logical Industries Ltd., Kibbutz Beit Haemek, Israel.

Cell culture. HeLa cells were cultured in DMEM-F12 medium
supplemented with 10% FCS and 1% antibiotic (10.000 unit of
penicilin and streptomycin 10mg/ml in 100 ml of sterile distilled
water) in a humidified incubator at 37°C and 5% CO2 atmosfer.
The cells were subcultered twice a week, using dissociation medi-
um ( trypsin-EDTA, pH 7.4) as buffer system [19].

Cytotoxicity. For cytotoxicity experiments, HeLa cells (25×103

cells per well) were placed in DMEM-F12 by using 24-well plates.
1 μg/mL NiO nanoparticle solution in 0.15 M NaCl was prepared
and this solution was sonicated and filtered by 0.2 μm filter. Dif-
ferent amounts of NiO (50-500 μg NiO per mL) were put into
wells containing cells. The plates were kept in the CO2 incubator
(37°C in 5% CO2) for 2-16 h. Following this incubation, HeLa
cells were harvested with trypsin-EDTA. They were dyed with try-
pan blue (19). The viable cells were counted with a haemacytome-
ter (C.A. Hausse& Sons, Phluila, USA), using light microscopy
(Leica, Germany).  

Double staining. Double staining were performed to quantify the
number of apoptotic cells in culture on basis of scoring of apoptot-
ic cell nuclei. HeLa cells (25×103 cells per well) were placed in
DMEM -F12 by using 24-well plates. After treating with different
amounts of NiO NPs (50-500 μg NiO per mL) for 2-16 hours peri-
od, both attached and detached cells were collected. They were
washed with PBS and stained with Hoechst dye 33342 (2 μg/mL),
propodium iodide (PI) (1 μg/mL) and DNAse free-RNAse 
(100 μg/mL) for 15 minutes at room temperature. Subsequently,
10-50 μl of cell suspension was smeared on slide and coverslip for
examination by fluorescence microscopy (Fluorescence Inverted
Microscope, Olympus IX70, Japan) [20,21]. The nuclei of normal
cells were stained blue but apoptotic cells were stained bright blue
by the Hoechst dye. Necrotic cells were staining red by PI. Necrot-
ic cells lacking plasma membrane integrity and PI dye crossed cell
membrane, but PI dye did not cross non-necrotic cell membrane.
The number of apoptotic and necrotic cells in 10 randomly chosen
microscopic fields were counted and the result was expressed as a
ratio of the number of apoptotic or necrotic cells to the number of
normal cells. The apoptotic cells were identified by their nuclear
morphology as a nuclear fragmentation or chromatin condensation.
This experiment was repeated five times.

M30 immunostaining. The percentage of apoptotic cells was
determined by M30 CytoDEATH antibody (Roche). This is a mon-
oclonal mouse immunoglobulin (Ig) G2b antibody (clone M30;
Roche, Mannheim, Germany) that binds to a caspase-cleaved, for-
malin-resistant epitope of the cytokeratin 18 cytoskeletal protein
which was found only in epithelial cell. M30 immunostaining was
only for HeLa cells. The immunoreactivity of the M30 antibody
was confined to the cytoplasm of apoptotic cells. HeLa cells, treat-
ed with NiO (50-500 μg NiO per mL) for a 2-16 hour period, were
cytocentrifuged, treated with 0.3% hydrogen peroxide in methanol
for 10 min to block the endogenous peroxidase activity, washed in
PBS, and then incubated with M30 antibody (1:50 dilution) at
room temperature for 1 h. In negative controls, preimmune mouse
serum, instead of primary antibody, was used. Immunoreactions
were revealed by the avidin-biotin complex technique using
diaminobenzidine (DAB) as substrate. We counted the number of
M30-positive cytoplasmic staining cells in all fields found at ×400
final magnification. For each slide, three randomly selected micro-
scopic fields were observed, and at least 1000 cells/field were eval-
uated. This experiment was repeated 3 times.

Statistical analysis. Two-way analysis of variance (ANOVA) tests
(SPSS 1.9) can be used to test for differences in the exposure time
and doses of NiO NPs on HeLa cells for cytotoxicity, apoptosis and
necrosis assays.

Results
Electron microscopy
The TEM photograph for the NiO powders is present-
ed in Fig. 1. It is clearly observed from this photograph
that the shape of the powder particles is spherical, and
some of these unequally sized spherical particles are
agglomerated. From the images, the average size of the
nanoparticles is around 20 nm. 

XRD ( X Ray Differaction) analysis
The XRD patterns of the NiO powders that were
examined are presented in Fig. 2. The Miller indices of
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the reflective crystal planes between them are indicat-
ed on the XRD patterns. Nickel oxide crystal has sev-
eral XRD reflections. Its characteristic XRD reflec-
tions at 37.3, 43.2, 62.8, 75.2 and 79.4° correspond to
111, 200, 220, 311 and 222 planes, respectively. The
diffraction angle and intensity of the characteristic
sharp peaks in the pattern can be exactly indexed
(JCPDS Card No.04-0835) to a cubic structure of NiO
[22-25]. 

Cytotoxicity 
In this study, we investigated the cytotoxicity of NiO
NPs. The percentages of viable cells with different
incubation times and concentrations of NiO NPs are
shown in Fig. 3. Note that wells not containing NiO
NPs were also studied as positive control. NiO NPs did
not cause any observable toxicity in the range of 50-
300 μg/mL concentration that we used in this study.
The increase in the amount of NiO NPs (added in each
well) caused more toxicity (more dead cells), as
expected. The toxicity of NiO NPs to the HeLa cells
increased with the increase of particle quantity from
350 to 500 μg per well. According to the Fig. 3, how-
ever, NiO NPs did not show high toxicity at all for 
2-16h incubation at 37°C even though the amount of
particles was increased from 50 to 300 μg/well. But

when HeLa cells were incubated for 6h, cytotoxicity of
NiO NPs (350 μg/well and above) were started to be
observed. As the amount of NiO NPs and their incuba-
tion time increased, toxicity of culture cells was
increased. NiO NPs have high toxicity at 500 μg/well.
Results showed that NiO NPs was highly toxic to cells
at 500 μg/well. The values of cytotoxicity induced by
NiO NPs were given in Fig. 3. Treatment with NiO
NPs produced a dose-dependent decrease in cell via-
bility. A significant reduction was found at 350 μg/mL
NiO NPs for 2, 6, 12 and 16 h, with a decrease to 71,
53, 42 and 41%, respectively (Fig. 3). Treatment with
NiO NPs also induced cytotoxicity in a time-depend-
ent manner, as the percentage of viability decreased
significantly following longer exposure (≥16 h), at a
dose of 500μg/mL (Fig. 3). The inhibition of cell pop-
ulation growth by NiO NPs was both dose-dependent
and time-dependent (p=0.00<0.05) (Fig. 3). 

Apoptosis and necrosis 
In order to quantitatively analyze apoptotic and necro-
sis cells under NiO NPs treatment, M30 immunostain-
ing (Figs 4a and 4b) and double staining (Figs 5a and
5b) assays were employed. Table 1 summarizes the
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Fig. 1. The Transmission Electron Microscope (TEM) photograph
for NiO powder. (original magnification ×108 000).

Fig. 2. The X-ray diffraction patterns for NiO powder.

Table 1. Apoptosis induction by the Hoechst and M30 immunostaining assays, necrosis induction by the propodium iodide (PI) staining
detected. The apoptosis and necrosis assays by light microscopy following 2, 6 and 16-h exposure of HeLa cells to NiO NPs. The
Hoechst/PI double staining and the M30 staining were repeated five and three times, respectively.



results of apoptosis and necrosis induced by NiO NPs
detected by the double staining and M30 immunos-
taining assay. Statistically, apoptosis and necrosis
were both dose-dependent and time-dependent
(p=0.00<0.05). As Fig. 4a shows, in the control group,
no apoptosis happened after 16 h incubation. Howev-
er, when the cells were treated with NiO NPs, the
numbers of apoptotic and necrosis cells increased
markedly (Fig. 4b). Furthermore, as the exposure time
was prolonged from 2 to 16 h, the total number of
apoptotic cells increased from 0% to 20%. The apop-
tosis or necrosis pathway of HeLa cells caused by NiO
NPs is not yet clear. 

Discussion
Cytotoxicity studies of metal based nanomaterials
have been mainly focused on the metal nanoparticles.
Griffitt and coworkers [26] reported that the exposure
to copper nanoparticles caused the gill injury and acute
lethality in zebrafish Danio rerio. Wang and coworkers
[27] determined the acute toxicity of nano- and micro-
scale zinc powder in vivo, detected the acute toxicity
of copper nanoparticles in vivo, and offered the expla-
nation that the ultrahigh reactivity provoked the nan-
otoxicity of nano-copper particles [28,29]. To date,
limited research has been conducted regarding the
nano-sized metal oxide except for TiO2. Wang and
coworkers [30] also determined the acute toxicity of
TiO2 particles of different sizes in mice and found that
the TiO2 was retained in the liver, spleen, kidneys, and

lung tissues. According to Wang and coworkers [30],
the ultrafine TiO2 can cause genotoxicity and cytotox-
icity in cultured human lymphoblastoid cells.

Because nanoparticles can interact with cell mem-
branes and intracellular organelles in ways that are not
totally understood, there are increasing concerns about
the adverse health effects of NiO NPs and other
nanoparticles. The first part of this study was to ana-
lyze the cell toxicity effects of unmodified NiO NPs. 

The previous data [31] have indicated that nickel
(Ni) ion binds to DNA and subsequently reacts with
H2O2 to cause strong DNA damage. The other mecha-
nism is indirect oxidative DNA damage due to inflam-
mation. Important sources of endogenous oxygen rad-
icals are phagocytic cells such as neutrophils and
macrophages [32]. It has been proposed that reactive
oxygen species (ROS) including nitrogen oxide gener-
ated in inflamed tissues can cause injury to target cells
and also damage DNA, which contributes to carcino-
genic processes [33-35]. Based on the above overall
model, two mechanisms for nickel-induced oxidative
DNA damage have been proposed as follows: all the
nickel compounds tested induced indirect damage
through inflammation, and Ni3S2 also showed direct
oxidative DNA damage through H2O2 formation. This
double action may explain the relatively high carcino-
genic risk associated with Ni3S2.

The results of the present study demonstrate that
NiO NPs induce significant cytotoxicity in cultured
HeLa cells. The results from the cytotoxicity assay
(Fig. 4) indicated that NiO NPs killed the cells in both
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Fig. 3. Cell viability monitored by the cytotoxicity assay following 2, 6, 12, 16-h exposure of HeLa cells to NiO NPs. Data are shown as
% of viable cells compared to dose of particles and are presented as mean±SEM of twelve separate experiments.



a dose-dependent and a time-dependent manner. In
agreement with our results, apoptosis induced by
mutagenic carcinogens is a unique type of pro-
grammed cell death. It has been reported that the reac-
tion of particles with cell membranes results in the
generation of ROS, and the generated oxidative stress
may cause a breakdown of membrane lipids, leading to
an imbalance of intracellular calcium homeostasis,
alterations in metabolic pathways, and finally results
in apoptosis [36,37]. In our study, inductions of apop-
tosis and necrosis were observed following exposure
to NiO NPs as measured by the double staining and
M30 immunostaining assay (Table 1). 

The two methods that uses monoclonal antibody
M30 and Hoechst staining should be used together for
the sensitivity of apoptotic index. They were exclusive-
ly expressed in apoptotic epithelial cells [20,21,38,39].
M30 and Hoechst staining has been shown to be 

positive in epithelial cells that have apoptotic character-
istics such as chromatin condensation, nuclear fragmen-
tation and detachment of cytoplasm [40, 21]. 

However, the precise mechanism of apoptosis for-
mation by NiO NPs is unclear. Additional work needs
to be undertaken to understand the mechanisms of
damage.
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