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Abstract: Barium oxide nanoparticles (BaONPs) are an important industrial compound 

and are widely used in polymers and paints. In this study, apoptotic and genotoxic effects of 

BaONPs in mouse embryonic fibroblast (L929) cells were determined by using single-cell gel 

test. In vitro cytotoxicity assays were performed to assess BaONPs’ toxicity in L929 cells. Mild 

cytotoxicity was observed in L929 cells due to BaONPs. BaONPs increased lipid peroxidation, 

catalase, and superoxide dismutase levels and lowered glutathione levels in L929 cells. This was 

accompanied by concomitant generation of reactive oxygen species and activation of caspase-3 

in BaONPs-treated L929 cells. On the other hand, when we exposed L929 cells to BaONPs 

for 24 and 48 hours (comet assay), there was a duration- and dose-dependent increase in DNA 

impairment detected in the single-cell gel test. Thus, BaONPs exhibit genotoxic and apoptotic 

effects in L929 cells, most likely due to initiation of oxidative damage.
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Introduction
Engineered metal nanoparticles have been widely used in cosmetics, painting, textiles, 

and water treatments. Barium oxide nanoparticles (BaONPs) have been used in 

diagnostic imaging, orthopedic medicines, and other applications.1 Because of their 

increased use in human applications and their release into the environment, it has 

become important to study and understand the impact of nanoparticles on animal 

health.2 Hiraoka et al3 reported that barium induces automaticity in ventricular muscle. 

Nayler and Grinwald4 reported that marked contractures develop in the heart of rat, 

with depletion of tissue ATP and creatinine phosphate after perfusion with barium 

(1.3 mM/L) in place of calcium ions.

Even though there are existing studies on the toxicity of barium nanoparticles, 

the underlying machinery inducing toxicity remains unexplored till now. Moreover 

none of the studies, so far, have explored the adverse effect of BaONPs in mouse 

embryonic fibroblast cells. Ostrovsky et al5 reported that oxidative stress and reactive 

oxygen species (ROS) cause adverse effects such as apoptosis and DNA fragmentation. 

The toxic potential of BaONPs is of specific concern because the changes of the genetic 

materials have potential to cause cell death, cancer development, and reproductive 

adverse effects. ROS has been explained as a concerning factor in BaONPs toxicity. 

We have already found glutathione (GSH) reduced as an oxidative biomarker and 

ROS as a group marker of O
2

-, OH. radicals, H
2
O

2
 and malondialdehyde (MDA) in 

reaction to BaONPs exposure.

So, this work was planned to measure the toxicity and genotoxic effect of BaONPs 

in L929 cells.
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Materials and methods
ethics
Ethics approval was not sought, as our University does not 

require it for in vitro studies.

chemicals
BaONPs, 2, 7-dichlorofluorescin diacetate, DTNB, 

glutathione, and propidium iodide were acquired from 

Sigma-Aldrich, St Louis, MO, USA. Dulbecco’s Modified 

Eagle’s Medium (DMEM)/F-12 medium, were bought from 

Invitrogen Co. (Carlsbad, CA, USA).

characterization of BaONPs
A suspension of BaONPs was prepared in DMEM 

(1 mg/mL) and sonicated in a sonicator with 40 W capac-

ity for 15 minutes at room temperature to form a uniform 

suspension. The size of BaONPs was characterized by field-

emission transmission electron microscopy (FETEM). The 

hydrodynamic size of BaONPs were checked by dynamic 

light scattering (DLS; Nano-Zeta Sizer-HT, Malvern 

Instruments, Malvern, UK).

l929 cells
L929 cells were procured from ATCC (Rockville, MD, 

USA).

Morphological analysis of cells
The shape and size of L929 cells were observed by micro-

scope (Leica DMIL, Leica Microsystems, Wetzlar, Germany) 

after exposure to BaONPs for 24 and 48 hours.

MTT assay
The cytotoxicity of L929 cells due to exposure to BaONPs 

(0, 50, 100, 150, and 300 μg/mL) for 24 and 48 hours was 

measured by MTT assay.6

lDh assay
Leakage of cytoplasmic lactate dehydrogenase (LDH) 

enzyme in L929 cells due to treatment with BaONPs 

(0, 50, 100, 150, and 300 μg/mL) for 24 and 48 hours was 

determined.7

Quantitation of rOs
ROS production was evaluated in L929 cells after treatment 

with BaONPs (0, 50, 100, 150, and 300 μg/mL) by using 

DCFH-DA dye.8 To confirm the role of ROS, the cells were 

exposed to BaONPs (300 μg/mL) with and without 5 mM 

N-acetylcysteine (NAC) for 24 hours.

estimation of oxidative parameters
L929 cells, (~5×106) seeded in a 75 cm2 flask, were treated 

with BaONPs (0, 50, 100, 150, and 300 μg/mL) for 24 and 

48 hours. After treatment, the cells were scraped and washed 

with ice-cold phosphate-buffered saline (PBS). Scraped cells 

were broken down in lysing. These cells were centrifuged 

for 15 minutes at 12,000× g, 4°C, and cell lysate was kept 

at -20°C for testing oxidative stress parameters. The amount 

of protein in cell lysate was quantified by Bradford’s9 method 

using bovine serum albumin as the standard.

Lipid peroxidation was evaluated by estimating the pro-

duction of MDA by Ohkawa et al’s10 method. Superoxide 

dismutase (SOD) and catalase (CAT) levels were measured 

by Alarifi et al’s11 method. Glutathione level was estimated 

by using Ellman’s reagent.12

chromosome condensation
Condensation of chromosomes in L929 cells due to BaONPs 

exposure (0, 50, 100, 150, and 300 μg/mL) was observed 

using Hoechst 33342 dye. Treated and untreated cells were 

stained with Hoechst 33342 for 30 minutes at 37°C in dark. 

Photomicrographs of nuclei were taken by fluorescent 

microscope.

cysteine-aspartic acid protease-3 activity
Cells (5×105 cells/well) were spread on a culture plate (96 

well) and incubated at 37°C. Cells were exposed to different 

concentrations of BaONPs (0, 50, 100, 150, and 300 μg/mL) 

for 48 hours. Caspase-3 level was assessed by Alarifi and Ali’s13 

method. To confirm the role of ROS in caspase-3 activity, L929 

cells were exposed to BaONPs (150 μg/mL) with and without 

5 mM NAC for 24 hours.

analysis of apoptosis through 
fluorescence-activated cell sorting
Apoptosis was detected by using the Annexin V–FITC (fluo-

rescein isothiocyanate) kit (Cayman Chemicals, Ann Arbor, 

MI, USA) according to manufacturer’s information. After 

exposure to BaONPs (150 μg/mL) for 24 and 48 hours, cells 

were trypsinized and washed with PBS and then incubated 

with binding buffer (400 μL) containing propidium iodide 

(20 μL) and Annexin V FITC (10 μL) for 30 minutes in the 

dark at room temperature. The density of Annexin V–FITC-

positive L929 cells was scrutinized by using fluorescence-

activated cell sorting (FACS) (BD Biosciences, San Jose, CA, 

USA). Cells in the initial phase of apoptosis were found in Q
4
 

quadrant, while those in the delayed phase were found in Q
1
. 

The percentage of late apoptotic cells was plotted.
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comet assay
Single-cell gel test was completed by Ali et al’s14 method.

analysis of data by statistics
A minimum of three independent experiments in two rep-

licates were done for each result. Results are presented as 

average (± standard error) and investigated by analysis 

of variance. P-value less than 0.05 reflected statistical 

significance.

Results
changes in l929 cell lines
Figure 1 unveils morphological changes in control cells 

and L929 cells treated with BaONPs for 48 hours. BaONPs 

(300 μg/mL)-treated L929 cells changed into round shape 

and separated from the outer layers of the culture flask 

(Figure 1B and C).

l929 cells toxicity
BaONPs-induced cytotoxicity in L929 cells was observed 

as MTT declined, releasing lactate dehydrogenase enzymes. 

MTT results indicated a dose- and time-dependent cell 

toxicity in the wake of L929 cells were treated with BaONPs 

(Figure 2A). LDH discharge, a biomarker of cellular 

membrane damage, was estimated in L929 cells after expo-

sure to BaONPs for 48 hours.

Oxidative stress
Induction of oxidative stress by BaONPs was evaluated by 

estimating the glutathione, lipid peroxidation, ROS, catalase, 

and superoxide dismutase levels in L929 cells. BaONPs 

incited ROS production in a dose- and duration-dependent 

manner (Figure 3). BaONPs-induced oxidative stress was 

further evidenced by depletion of glutathione and raise of 

lipid peroxide, superoxide dismutase, and catalase due to 

BaONPs exposure (Figure 4).

cysteine-aspartic acid protease-3 enzyme 
and apoptosis
Caspase-3 enzyme shows main activity in apoptotic cells, 

which was caused due to BaONPs (Figure 5). After being 

exposed to BaONPs for 48 hours, the role of Cysteine-

aspartic acid protease-3 increased in a dose- and duration-

dependent manner.

Staining of Annexin V-FITC and PI were applied to 

detect apoptotic and necrotic stimulation in L929 cells fol-

lowing BaONPs (150 μg/mL) exposure for 24 and 48 hours 

(Figure 6). Treatment with BaONPs indicated a significant 

Figure 1 shape and size of l929 cells.
Notes: (A) Untreated cells. (B) cells with BaONPs (150 μg/ml) for 24 hours. (C) cells with BaONPs (150 μg/ml) for 48 hours. scale bar ( — ) 50 μm. The arrows 
indicate damaged cells.
Abbreviation: BaONPs, barium oxide nanoparticles.
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Figure 2 Cytotoxicity of BaONPs in mouse fibroblast cells over 48 hours, as assessed by (A) MTT and (B) lDh assays. 
Notes: Data represent the average ± se of three tests. statistical differences with respect to the controls are shown (*P,0.05).
Abbreviations: BaONPs, barium oxide nanoparticles; lDh, lactate dehydrogenase; se, standard error.

(P,0.05) increase in late apoptotic cells in a duration-

dependent manner (Figure 6B–D).

Impairment of DNa
DNA impairment was assessed as % tail DNA in untreated 

and BaONPs-treated L929 cells. L929 cells treated with 

BaONPs showed higher DNA damage than control. Notable 

damage of DNA was observed in BaONPs (300 μg/mL)-

treated L929 cells (Figure 7).

Discussion
This study suggested that BaONPs are slightly lethal to 

L929 cells, and this cell toxicity turns significant with 

dose and duration rise. Murdock et al15 reported that 

nanoparticles can induce adverse effects due to their 

small size and unique physiochemical characters. Nel 

et al16 reported that the key parameters of nanoparticles 

are structure, shape, purity, and hydrodynamical agglom-

eration, which control the biological activity of BaONPs. 

Specific physical–chemical characters of BaONPs are 

due to surface area to volume ratio. Nanoparticles have 

a high percentage of atoms on their surface compared to 

macroparticles, studying the genotoxic effect of BaONPs, 

we had characterized their size and zeta potential of the 

BaONPs by FETEM and DLS, respectively. However, the 

hydrodynamic dimension obtained by DLS was greater than 

quantified size of FETEM.

L929 cells are commonly used to test the cytotoxic 

potential of nanoparticles. BaONPs induced caspase-3 

activity and ROS in L929 cells. In this study, we observed 

that BaONPs increased cytotoxicity and apoptosis in L929 

cells. Nel et al16 reported that the toxic effect of nanoparticles 

was due to oxidative stress. Oxidative stress provokes a long 

range of cellular and physiological events, eg, DNA damage, 

inflammation, apoptosis, and stress.17

Experimental evidence has shown that barium sulfate 

nanoparticles cause lung injury and inflammation in rats.18 

During oxidative stress, the antioxidant mechanisms are 
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unable to counter ROS production. ROS, eg, O
2

-, H
2
O

2
, 

and OH. radicals, have a higher chemical activity than O
2
. 

Oberdorster et al19 reported that the reduction of GSH and 

stimulation of LPO and ROS induce oxidative damage 

of cell components. ROS, lipid peroxidation, and SOD 

activity was increased, whereas glutathione level was less in 

BaONPs-treated L929 cells. Glutathione was implicated in 

the first-line cellular defense mechanism against oxidative 

injury in cells.20

In this study, we found a correlation between the produc-

tion of ROS and glutathione declination, suggesting that 

higher generation of ROS induces proliferated lipid peroxi-

dation accompanying decline in GSH. Kang et al21 reported 

that oxidative stress and lipid peroxidation lead to apoptosis 

and DNA damage. During apoptosis, a chain of biochemical 

reactions occurs, inducing an alteration of L929 cell shape, 

and ultimately resulting in cell death.

Kroemer et al22 reported some biomarkers that characterize 

apoptosis, such as DNA fragmentation, cell membrane 

blebbing, condensation, shrinking, and disintegration of 

cell organelles. In this study, Hoechst 33342 staining of 

BaONPs-treated L929 cells gave rise to nuclear fragmen-

tation and condensation. Chen et al23 demonstrated that 

nanomaterials interact with DNA due to their small size and 

shape. Nanoparticles can have an indirect effect on DNA 

production of ROS.24 The DNA damage can either induce 

Figure 3 BaONPs produced rOs in l929 cells. 
Notes: (A) control; (B) l929 cells treated with 300 μg/ml of BaONPs for 24 hours; (C) l929 cells treated with 300 μg/ml of BaONPs for 48 hours. (D) % rOs in l929 
cells. (E) effect of Nac (5 mM) on BaONPs (300 μg/ml)-induced rOs generation in l929 cells. Data represent the average ± se of three tests. statistical differences with 
respect to the controls are shown (*P,0.05). scale bar ( — ) is 50 μm.
Abbreviations: BaONPs, barium oxide nanoparticles; DCF, dichlorofluorescein; ROS, reactive oxygen species; NAC, N-acetylcysteine; se, standard error.
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Figure 4 (A) levels of lipid peroxidation; (B) glutathione; (C) sOD; and (D) catalase in l929 cells after exposure to BaONPs for 48 hours. 
Notes: Data represent the average ± se of three tests. statistical differences with respect to the controls are shown (*P,0.05).
Abbreviations: BaONPs, barium oxide nanoparticles; gsh, glutathione; sOD, superoxide dismutase; se, standard error.
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Figure 5 chromatin condensation and stimulation of caspase-3 activity in l929 cells after exposure to BaONPs (A). control (B) at 150 μg/ml of BaONPs for 48 hours of 
BaONPs. (C) caspase-3 activity. (D) effect of Nac (5 mM) on BaONPs (150 μg/ml) induced caspase-3 activity in l929 cells over 24 hours. 
Notes: Data represent the average ± se of three tests. statistical differences with respect to the controls are shown (*P,0.05). scale bar ( — ) 50 μm. The white arrows 
indicate the condensed chromosomes.
Abbreviations: BaONPs, barium oxide nanoparticles; Nac, N-acetylcysteine; se, standard error.

Figure 6 (A–C) Flow cytometirc analysis of annexin V–FITc/PI stained cells. (D) Percentage of annexin V–FITc/PI-positive cells in control and l929 cells exposed to 
BaONPs (150 μg/ml) for 24 and 48 hours. 
Notes: each value represents the average ± se of two experiments. statistical differences with respect to the controls are shown (*P,0.05).
Abbreviations: BaONPs, barium oxide nanoparticles; FITC, fluorescein isothiocyanate; PI, propidium iodide; SE, standard error.
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Figure 7 DNa strand breakage in l929 cells due to BaONPs.
Notes: (A) Tail DNa (%). (B) control cell. (C) Treated with BaONPs (150 μg/ml) for 48 hours. Data represent the average  ± se of three tests. statistical differences with 
respect to the controls are shown (*P,0.05). scale bar 100 μm. 
Abbreviations: BaONPs, barium oxide nanoparticles; se, standard error.

cell death or carcinogenesis, consequently disrupting normal 

cell functions.

We found that DNA damaging effects of BaONPs in L929 

cells by using comet assay, which is a technique used to iden-

tify double- and single-strand breaks and alkali labile sites 

even at low levels of DNA damage.25 Martinez et al26 reported 

that ROS reacts with DNA molecules, inducing damage to 

both bases (pyrimidine and purine) and the DNA backbone. 

This seems to be the underlying mechanism of BaONPs-

mediated cell toxicity and DNA damage in L929 cells.
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