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ÖZ
Amaç: Nikel oksit nanopartikülleri (NiO-NP) endüstride geniş bir uygulama 
alanına sahiptir. Artan kullanım alanları ve miktarları ile birlikte kapsamlı 
araştırmalar ile araştırmacıların da ilgi odağı olmaktadır. Ancak, kanser 
hücrelerindeki etkinlikleri ve dolayısıyla yeni kanser ilaçları geliştirme ola-
sılığı hala tartışmalıdır. Çalışmamızda NiO-NP’lerin insan servikal karsinom 
(HeLa) hücreleri üzerine sitotoksik ve genotoksik etki potansiyeli incelen-
miştir. 
Gereç ve Yöntem: NiO-NP’lerin sitotoksisitesi 3-(4,5-dimetiltiyazol-2-il)-
2,5-difeniltetrazolyum bromür (MTT), laktat dehidrojenaz (LDH) ve nötral 
kırmızı alımı (NRU) testleri ile değerlendirilirken genotoksisitesi Comet 
testi ile araştırılmıştır. 
Bulgular: Yarı maksimal inhibitör konsantrasyon (IC50) değerleri MTT testi 
için 419,6 µg/mL, NRU testi için 316,4 µg/mL ve LDH testi için 119,3 µg/
mL olarak bulunmuştur. Comet testi verilerine göre, NiO-NP’lerine maruz 
bırakılan hücrelerde DNA hasarı önemli ölçüde indüklenmiştir. Kuyruk 
yoğunluğunun 120 μg/mL maruziyet için %18,20 düzeylerinde olduğu 
tespit edilmiştir. 
Sonuç: NiO-NP’ler HeLa hücrelerinde sitotoksik ve genotoksik etkili olduğu 
tespit edilmiştir. Normal bir hücre hattı için tehlikeli gibi görünse de kanser 
hücresi üzerine bu etkiler yeni bir antikanser ajan olarak NiO-NP’lerin 
umut verici olabileceğini göstermektedir.  Ancak, NiO-NP’lerin kanser 
tedavisinde bir alternatif olma potansiyelini değerlendirmek üzere diğer 
kanser hücre hatlarında ve ileri çalışmalara ihtiyaç duyulmaktadır.
Anahtar Kelimeler: HeLa hücreleri, Sitotoksisite, Genotoksisite, Nikel oksit 
nanopartikülü

ABSTRACT
Objective: Nickel oxide nanoparticles (NiO-NPs) are used invarious 
applications, and their increasing use has stimulated extensive studies 
both in vivo and in vitro. Nevertheless, their activity in cancer cells and 
thus the possibility of developing new anticancer drugs still remain 
controversial. Therefore, this study was conducted to specifically 
investigate the cytotoxicity and genotoxicity of NiO-NPs in human cervical 
carcinoma (HeLa) cells.
Material and Methods: The cytotoxicity of NiO-NPs was evaluated using 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), 
lactate dehydrogenase (LDH), and neutral red uptake (NRU) cytotoxicity 
assays. A comet assay was performed to determine the genotoxicity of 
NiO-NPs.
Results: The half maximal inhibitory concentration (IC50) values were 
419.6, 316.4, and 119.3 µg/mL in the MTT, NRU, and LDH assays, 
respectively. The comet assay revealed that NiO-NPs caused significant 
induction of DNA damage in the exposed HeLa cells. The tail intensity was 
18.20% at 120 μg/mL.
Conclusion: NiO-NPs were cytotoxic and genotoxic to HeLa cells. Although 
NiO-NPs may be hazardous for a normal cell line, the effects observed on 
HeLa cells indicate that NiO-NPs can be proposed as a novel anticancer 
agent. However, the potential for NiO-NPs in cancer treatment will require 
additional and comprehensive studies on other cancer cell lines. 
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INTRODUCTION

Nickel oxide nanoparticles (NiO-NPs) are desired in various 
fields because of their advantageous chemical and physical 
properties, including large surface area, high surface energy, 
magnetic properties, and low-melting point. NiO-NPs are wi-
dely used in battery construction, alloys, pigmentation, and 
biomedical materials. Nevertheless, the particle size, which is 
an advantage in industrial applications, increases the risk of 
toxicity to biological systems; nanoparticles, due to their ext-
remely small size, can be more easily transported to cells and 
tissues and accumulate in target organs (1, 2). Because of their 
widespread use, it has been questioned whether they pose a 
threat to humans, and there is also some research addressing 
this issue (2). Conversely, the super small size and easy passa-
ge through cell membranes, and the fact that NiO-NPs have 
been confirmed to exert a cytotoxic effect on some cancer cells, 
make it possible to use these NPs to kill cancer cells as a type 
of chemotherapy and suggest their use as anticancer agents. 
Hence, several studies have investigated the cytotoxic effect of 
different NPs  in general and NiO-NPs in particular in different 
cell lines (3, 4). Nickel-based NPs, which are widely used in 
industries, pose a high risk for airborne dermal and respira-
tory toxicity to workers. In this regard, studies primary evalua-
te their effects after inhalation exposure. In vivo studies have 
explored their effects on the cardiovascular system, lungs, and 
other organs, whereas in vitro studies have generally focused 
on cellular mechanisms. The results of different studies indicate 
that NiO-NPs generally caused cytotoxicity, increase in reactive 
oxygen species (ROS) levels, apoptosis, and genotoxicity (1, 2).

In the present study, it was hypothesized that NiO-NPs could 
exert an anticancer effect, because they could exert cytotoxic 
effects on human cervical cancer cells. It was also hypothe-
sized that DNA damage could be a mechanism of this effect. 
A well-known human cancer cell line, HeLa, was used in this 
study. HeLa cells are derived from the epithelial cells of human 
cervical cancer and are the first immortal human cells to be 
grown in culture. These cells possess an extraordinary capa-
city for continuous proliferation, rendering them immortal in 
laboratory cultures. Moreover, HeLa cells exhibit a high growth 
rate, dividing rapidly and facilitating the generation of large 
cell populations for experimentation. Hence, they are widely 
used in different research areas (5). Various cytotoxicity assays 
were then used in this study to investigate the affected cellular 
organelle and, in addition, to test whether DNA damage was a 
cytotoxicity mechanism. The NiO-NP-exposed cells were also 
evaluated using the comet assay.

MATERIAL AND METHODS

Particle size characterization
NiO-NPs (Sigma-Aldrich, MO, USA) were suspended in doub-
le-distilled water or complete cell culture medium. Then, they 
were subjected to sonication for 15 min before examination 
under a transmission electron microscope (TEM) (JEM-2100 
HR, JEOL, USA). The image of more than 100 particles in arbit-
rary TEM fields was captured and analyzed by measuring their 
diameters. Dynamic light scattering (DLS) was also performed 
to determine the size of NPs using a ZetaSizer Nano-ZS instru-

ment (Malvern, UK). For DLS analysis, the NiO-NPs (1 mg) were 
dissolved in cell culture medium and sonicated at 40 W for 15 
min at room temperature, then, a 10 μg/mL freshly prepared 
suspension was used in the measurement. 

Cell culture procedure and exposure conditions
HeLa cells, a human cervical carcinoma cell line (CCL-2, ATCC, 
USA), were cultured in Eagle’s minimum essential medium 
supplemented with penicillin–streptomycin (1%) and fetal bo-
vine serum (FBS, 10%). Subculturing was conducted when the 
cells reached 50% confluence.

For exposure, the NP suspension was freshly prepared before 
each experiment. For this, the NiO-NPs were dispersed in the 
complete cell culture medium and sonicated for 15 min at room 
temperature, from which different concentrations were prepa-
red. The exposure concentrations were 0–1000 µg/mL for the 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT), lactate dehydrogenase (LDH), and neutral red uptake 
(NRU) cytotoxicity assays and 15–120 µg/mL for the comet as-
say. The exposure time was set at 24 h. For the cytotoxicity 
assays, the percentage of cell viability was determi ned in com-
parison with the untreated cell group (negative control, NC).

Cytotoxicity
For the MTT assay, the MTT dye (5 mg/mL) was added to each 
well. After 3 h of incubation, the formazan crystals formed were 
dissolved using dimethyl sulfoxide (DMSO, 100 µL) per well. 
The optical density (OD) at 590 nm was measured using a mic-
roplate reader (Epoch, Germany) (6). For the NRU assay, the 
cells were treated with a neutral red solution (10 mg/mL NR 
dye in the cell culture medium) for 3 h. After incubation, the 
cells were washed with phosphate-buffered saline (PBS, 1×), 
and a dissolution reagent (100 µL/well) was added. OD was 
measured at 540 nm using the same microplate reader (7). For 
the LDH assay, the microplate was centrifuged at 250 g for 10 
min. The supernatant was carefully transferred to new plates. 
LDH assay kit solutions were added and incubated according 
to the kit instructions, a stop solution was added, and the OD 
was measured at 490 nm using the same microplate reader (8).

Genotoxicity
Cells were cultured in 6-well plates (5 × 105 cells/well), incu-
bated for 12 h, and then treated with NiO-NPs for 24 h. The 
cells were collected by trypsinization, centrifuged, washed, and 
suspended in PBS (1 mL). The cell suspension was mixed with 
prewarmed low-melting agarose and then applied to microsco-
pe slides previously coated with normal-melting agarose. After 
solidification at 4°C, the slides were incubated in a lysis solution 
at 4°C for at least 2 h. Then, the slides were transferred to fresh, 
cold electrophoresis buffer at 4°C for 20 min to dissolve the 
DNA strands. Electrophoresis was performed at 4°C for 20 min.

After electrophoresis, the slides were washed, neutralized, and 
then fixed in ethanol. DNA staining was performed using ethidi-
um bromide, and the slides were examined under a fluorescen-
ce microscope (Olympus BX53, Tokyo, Japan) at 400X. The co-
met assay IV image analysis software (Perceptive Instruments, 
Suffolk, UK) was used to visualize and analyze the results. A 
minimum of 100 cells were scored for each sample, and the 
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amount of DNA damage in each cell was expressed as the tail 
intensity. The NC groups consisted of cells not treated with any 
chemical, whereas cells exposed to hydrogen peroxide (H2O2, 
100 µM) were identified as the positive control (PC) group (9).

Statistical analysis
All assays were performed three times independently, each 
time in triplicate (n=9). One-way analysis of variance or 
Dunnett’s test was used to examine the results, which were 
expressed as mean ± standard error. Statistical analyses were 
conducted using the SPSS software for Windows version 22.0, 
(IBM SPSS Corp., Armonk, NY, USA), and a p value cut-off of 
0.05 indicated statistical significance.

RESULTS

According to the manufacturer, the nanoparticles are cubic, the 
mean particle size is ≤50 nm, and they are highly pure (99.8%). 
Based on TEM data, the particle size of NiO-NPs in water ran-

ged from 4.2 to 38.1 nm, with a mean size of 15.0 nm. When 
the particles were dispersed in the cell culture medium, their 
average diameter increased to 21.4 nm, which could be due to 
agglomerated and aggregated NPs or adsorbed proteins from 
the medium. NiO-NPs have a size range of 7.70–194.1 nm and 
an average hydrodynamic size of 135.81 nm in the cell culture 
medium. The results of DLS revealed that 33% of NiO-NPs were 
smaller than 24.8 nm (Figure 1).

Cytotoxicity evaluation revealed that NiO-NPs caused cell death 
in a concentration-dependent manner. The half maximal inhi-
bitory concentration (IC50) values were 419.6, 316.4, and 119.3 
µg/mL in the MTT, NRU, and LDH assays, respectively. Figure 
2 depicts the relationship concentration and cell death (%).

The results of the comet assay revealed an accumulation of 
DNA damage according to the concentration of NiO-NPs, whe-
re the tail intensity was 3.78% (1.23-fold of NC) and 18.20% 
(5.92-fold of NC) at the lowest and highest concentrations, res-

Figure 1: TEM images of NiO-NPs in water (a) and cell culture medium (b) (22)

Figure 2: Cytotoxic potential of nickel oxide nanoparticles (NiO-NPs) evaluated using 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), neutral red uptake (NRU), 
and lactate dehydrogenase (LDH) assays. Cells were exposed to NiO-NPs at different concent-
rations for 24 h.
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pectively. In the positive control, the tail intensity was 11.36% 
(3.7-fold of NC) (Figure 3). This increase in tail intensity was 
statistically significant (p ≤ 0.05) for the 60 and 120 μg/mL gro-
ups but not for the 15 and 30 μg/mL groups. 

DISCUSSION

NiO-NPs are one of the most widely utilized nanoparticles in 
various medical and commercial fields. In addition to their 
physicochemical properties, the possibility of their applicati-
on as drugs has been evaluated by different research groups 
(1, 2). In particular, some studies have demonstrated that NiO-
NPs cause cytotoxicity in several cancer cells, and other studi-
es have explained their molecular and cellular effects such as 
ROS induction, lipid peroxidation, oxidative stress, apoptosis, 
necrosis, and DNA and chromosomal damage (Table 1). Based 
on these effects on cancer cells, we explored whether NiO-NPs 
might be a material that could be used in cancer treatment. 
For this purpose, we evaluated cytotoxicity and DNA damage 
induction in the well-known human cervical cancer cell line 
(HeLa) after 24 h of exposure. 

The effects of NiO-NPs were evaluated in both normal and can-
cerous cells; previous studies have demonstrated low or no to-
xicity of NiO-NPs on normal cells. Khan et al. reported no cyto-
toxicity of NiO-NPs on normal splenic cells at concentrations up 
to 1000 μg/mL (10). Similarly, Abbaszadeh et al. reported low 
cytotoxicity for modified NiO-NPs in Hek293 normal cells, whe-
re the IC50 was 475 μg/mL (11). In human normal keratinocytes 
(HaCaT cells), the cytotoxic effects were also lower than those 
in the tested cancerous cells, with the IC50 being 312.5 μg/mL 
in the MTT test (12). No significant cytotoxicity was reported 
for NiO and other Ni-based salt NPs in human normal umbilical 
vein endothelial (HUVEC) cells at concentrations up to 1000 μg/
mL (13). In contrast, NiO-NPs resulted in significant cell death in 
different cancerous cells, causing cytotoxicity in the leukaemia 

monocyte cell line THP-1 after 24 h of treatment, with the IC50 
being 23.31 μg/mL (14). According to the studies of Horie et 
al., Ahamed et al., and Capasso et al., NiO-NPs are cytotoxic to 
A549 lung cancer cells (15-17). A549 cells were exposed to NiO-
NPs at concentrations of 0–25 µg/mL for 24 and 48 h, which 
resulted in a gradual decrease in cell viability with increasing 
exposure concentrations and/or duration as evaluated using 
MTT and LDH assays. The oxidative stress caused by NiO-NPs 
was demonstrated by Horie et al. and Ahamed et al. Moreover, 
Horie et al. examined ROS production and lipid peroxidation 
in their study, and Ahamed et al. examined apoptosis as a cell 
death pathway in their study (16, 17). 

Ahamed et al. and Ahmad et al. conducted studies demons-
trating the cytotoxic and apoptotic effects of NiO-NPs on the 
HepG2 liver cancer cell line (18, 19). Ahamed et al. showed that 
exposure of HepG2 cells to NiO-NPs at concentrations of 0–200 
μg/mL for 24 h resulted in cell viability of only 25% at 200 μg/
mL concentration. Ahmad et al. exposed the cells to NiO-NPs 
(0–100 μg/mL) for the same duration and conducted MTT and 
NRU assays, which revealed a reduction in cell viability, dec-
reasing to 50% at 100 μg/mL, in a concentration-dependent 
manner. Both studies concluded that NiO-NPs induced oxida-
tive stress in a dose-dependent manner in addition to their 
observed cytotoxic effects (18, 19).

Siddiqui et al. conducted a study using Hep-2 cells containing 
HeLa marker chromosomes and observed that NiO-NPs at con-
centrations of 0–100 μg/mL induced dose-dependent cytotoxi-
city and apoptosis during 24-h exposure. Similar results were 
found in MCF-7 breast cancer cells in the same study. In the 
MTT assay, the viability of Hep-2 cells was 11% and that of 
MCF-7 cells was 9% at 100 μg/mL of NiO-NPs (4).

NiO-NP treatment for 24 h at different concentrations (0–640 
μg/mL) induced cytotoxicity and apoptosis in HT-29 and SW620 
colon cancer cell lines, with the IC50 values being 13.72 and 

Figure 3: Genotoxic potential of nickel oxide nanoparticles (NiO-NPs) in HeLa cells evaluated 
using the comet assay. Cells were exposed to NiO-NPs at 15–120 µg/mL concentrations for 24 
h. Unexposed cells and cells exposed to hydrogen peroxide (H2O2, 100 µM) served as negative 
control (NC) and positive control (PC), respectively
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394.41 g/mL, respectively (3).

NiO-NPs have been demonstrated to cause cytotoxicity, apop-
tosis, DNA damage, and oxidative stress in SH-SY5Y neurob-
lastoma cell lines at concentrations of 50–500 μg/mL for 24 
h. The IC50 values were 249.92 and 229.34 μg/mL in the MTT 
and NRU assays, respectively (20). In another study, treating 
Caco-2 colorectal adenocarcinoma cells with NiO-NPs (50–500 
μg/mL) for 24 h resulted in apoptosis and cytotoxicity, with the 
IC50 values being 351.6 and 479.15 μg/mL in the MTT and NRU 
assays, respectively. At 30–150 μg/mL, NiO-NPs caused DNA 
and oxidative damage (21). In another study, Annexin V-FITC/
PI apoptosis detection was used to determine whether NRK-
52E kidney epithelial cells suffered necrosis or apoptosis. The 
results showed that the primary mechanism of cell death in 
NiO-NP-treated NRK-52E cells was apoptosis, wherein appro-
ximately 62.5% of the overall cell count at the maximum dose 
(300 g/mL) consisted of apoptotic cells and 14.4% of the overall 
cell count consisted of necrotic cells (22).

In the study by Ada et al., NiO-NPs were synthesized in an aque-
ous solution using a homogeneous precipitation method. Labo-
ratory-synthesized NiO-NPs were evaluated for their cytotoxic, 
apoptotic, and necrotic effects on HeLa cells. For cytotoxicity, 

HeLa cells were exposed to NiO-NPs at 50–500 μl/mL concent-
rations for 2, 6, 12, and 16 h. Results showed that cytotoxicity 
increased with concentration and exposure time, and necrosis 
appeared to be the major cell death pathway at all concentra-
tions for all exposure times (23). 

Because the properties of NPs exert a significant influence on 
their biological effects, and the particle size, size distribution, 
chemical residues for synthesis process, and surface chemistry 
of NPs can impact the biological potential (1, 2), we believe that 
reference NiO-NPs should be evaluated in HeLa cells, so that 
the results could be compared with those of previous studies 
that used the same particles. The results of the present study 
indicated that NiO-NPs triggered cytotoxic effects in HeLa cells 
with IC50 values of 419.6, 316.4, and 119.3 µg/mL in the MTT, 
NRU, and LDH assays, respectively. Remarkably, although pre-
vious studies demonstrated a higher toxicity of antineoplastic 
agents that are already in use in HeLa cells compared with 
our study results related to NiO-NPs, some of those studies 
reported IC50 values not far from those of NiO-NPs or even 
lower than the IC50 of NiO-NPs. A previous study reported that 
5-fluorouracil (5-FU) at 200 μM (26.016 μg/mL) decreased cell 
viability to 70% after 24 h of exposure (24), whereas another 
study reported that 7.8125 μg/mL of 5-FU did not induce any 

Table 1: Previous studies that investigated the effects of NiO-NPs on cancer cells

Cell line NiO-NP-induced toxicity IC50 values
by MTT Reference

A549 ROS production, lipid peroxidation, oxidative stress Not available 11

A549* Cytotoxicity
38% cell viability at 

10 μg/mL
(24 h)

13

Caco-2* Cytotoxicity, apoptosis, DNA damage 351.6 μg/mL
(24 h) 17

HeLa Cytotoxicity, apoptosis, necrosis
41% cell viability at 

350 μg/mL
(16 h)

19

HEPG2 Cytotoxicity, ROS production, apoptosis, oxidative stress
41% cell viability at 

100 μg/mL
(24 h)

14

HEp-2* Cytotoxicity, apoptosis
43% cell viability at 

25 μg/mL
(24 h)

4

HT-29 Cytotoxicity, apoptosis 13.72 μg/mL
(24 h) 3

MCF-7* Cytotoxicity, apoptosis
42% cell viability at 

10 μg/mL
(24 h)

16

SH-SY5Y* Cytotoxicity, apoptosis, DNA damage, oxidative stress ≥229.34 μg/mL
(24 h) 16

SW620 Cytotoxicity 394.41 μg/mL
(24 h) 3

THP-1 Cytotoxicity 23.31 μg/mL
(24 h) 10

* The same nickel oxide nanoparticles (Sigma-Aldrich, Product No.: 637130) were used in this study. DNA: deoxyribonucleic acid, NiO-
NPs: nickel oxide nanoparticles, IC50: half maximal inhibitory concentration, MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide, ROS: reactive oxygen species.
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cytotoxicity to the cells, with the IC50 being approximately 125 
μg/mL (25). Cisplatin treatment to the same cells caused cyto-
toxicity, with the IC50 being 34.2 μM (26). However, in another 
study, the IC50 of cisplatin was 0.5–1 μM (27). 

The comet assay revealed a significant induction of DNA da-
mage at 60 and 120 μg/mL of NiO-NPs, suggesting that DNA 
damage could be a mechanism by which NiO-NPs induced cell 
death in HeLa cells. Compared with studies that used the same 
NiO-NPs and assays but different cell lines, HeLa cells may be 
more resistant than some cell lines (Table 1). 

In conclusion, different studies have reported different results 
on the toxicity of NiO-NPs to cancer cells. These inconsisten-
cies can be attributed to differences in the cell lines used; the 
type, shape, and size of NPs; and the synthesis method of NPs. 
Our results showed that NiO-NPs caused cell death at mode-
rate concentrations (IC50 119.3–419.6 μg/mL). The observed 
increase in DNA damage in exposed cells suggests that DNA 
damage contributes to the death of HeLa cells after exposure to 
NiO-NPs. These data further support the notion that Ni-based 
NPs, particularly NiO-NPs, have the potential for targeted can-
cer treatment by eliminating cancerous tissue. Nevertheless, 
further in vitro and in vivo research is required to gain a better 
understanding of the underlying mechanism of action of NiO-
NPs. Furthermore, such studies are essential to determine the 
safety profile and feasibility of NPs for use in cancer therapy.
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