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Introduction: Nanoparticles are extensively applied in pharmaceutical, agriculture, food 
processing industries, and in many other fields. In the current experiment, we have deter-
mined the mechanism of toxicity of lanthanum oxide nanoparticles (La2O3 NPs) on human 
liver cell lines.
Methods: Before the investigation, we have characterized the size and shape of La2O3 NPs 
using dynamic light scattering (DLS) and transmission electron microscope (TEM). The 
mean size of the La2O3 NPs was found 32 ±1.6 nm with a sheet-like shape. The cytotoxicity 
effect of La2O3 NPs for 24 h on CHANG and HuH-7 cells was determined by using 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and lactate dehydro-
genase (LDH) assays.
Results: The cytotoxicity was observed in a concentration-dependent manner in both cells but 
NPs were more toxic to HuH-7 than CHANG cells. Generation of reactive oxygen species (ROS) 
was determined using fluorescent dye 2′,7′-dichlorofluorescin diacetate (DCFDA) and high 
green fluorescence was observed in HuH-7 cells than CHANG cells. Oxidative stress biomarker 
such as glutathione (GSH) was decreased and antioxidant enzyme superoxide dismutase (SOD) 
was increased but SOD level was decreased in HuH-7 cells than CHANG cells. Apoptotic cells 
were determined by using fluorescence-activated cell sorting (FACS) analysis. Maximum 
percentage of the apoptotic cell was observed at 300 µg/mL in HuH-7 cells. DNA double- 
stranded breakage was observed by comet assay and maximum DNA damage was found in 
CHANG cells than HuH-7 cells at 300 µg/mL La2O3 NPs for 24 h.
Conclusion: Thus, this study demonstrated that La2O3 NPs were toxic to human liver cells 
and induced more toxicity in HuH-7 cells than CHANG cells.
Keywords: La2O3 NPs, apoptosis, oxidative stress, CHANG and HuH-7 cells

Introduction
The big resource of rare earth metals is available in Asian countries such as 
Bangladesh, India, China, and Pakistan, etc. These rare earth metals reached into 
water bodies and the environment during smelting and mining as consequence pollu-
tion occurred. Nowadays various types of nanomaterials are manufactured using 
different nanotechnological techniques. In particular, rare earth elements such as 
lanthanum are extensively used in micro-fertilizers and micro-feeding in agriculture, 
animal husbandry, and aquaculture.1–3 Lanthanum was accumulated in the liver of 
normal and uremic rats.4 Lacour et al’s5 exposure to lanthanum carbonate was accu-
mulated in the body and induce potential liver toxicity. Production of ecofriendly 

Correspondence: Saud Alarifi  
Department of Zoology, College of 
Science, King Saud University, BOX 2455, 
Riyadh, 11451, Saudi Arabia  
Tel +966 11 4679816  
Fax +966 11 4678514  
Email salarifi@ksu.edu.sa

International Journal of Nanomedicine 2021:16 3487–3496                                               3487
© 2021 Almukhlafi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Nanomedicine                                                 Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 18 January 2021
Accepted: 24 April 2021
Published: 20 May 2021

In
te

rn
at

io
na

l J
ou

rn
al

 o
f N

an
om

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-7381-5110
mailto:salarifi@ksu.edu.sa
http://www.dovepress.com/permissions.php
https://www.dovepress.com


nanomaterials is a big challenge a challenge that prepared 
nanotechnology one of the most studied and well-financed 
areas of the last decades. Metal nanomaterials are applied as 
base materials for cosmetics and skin care. Currently, rare 
earth metals are applied in animal husbandry, agriculture, the 
health industry.6 Due to the extensive application of rare 
earth metals in various areas, it gets into the environment, 
animals, and trophic levels, the human body. Chen et al7 had 
reported that chronic bioaccumulation of heavy metals or 
rare earth metals in the human body caused teratogenic and 
reproductive toxicity. Brabu et al8 have reported in vitro and 
in vivo biocompatibility of La2O3NPs. Lanthanum chloride 
and samarium trinitrate decreased sperm counts, fertility, and 
increased deformity of sperm.9 Rare earth metals decreased 
superoxide dismutase, glutathione, and glutathione peroxi-
dase and increased malondialdehyde levels and apoptotic 
activity during spermatogenesis.10 The generation of excess 
intracellular ROS induces toxicity in cells. Schumacker et al11 

reported that due to excess ROS the dysfunction of mito-
chondria occurred. Production of ROS and apoptotic effect 
are the underlying mechanisms of toxicity of NPs.12 Zhuang 
et al13 reported that different enzymatic activities and induc-
tion of lipid peroxidation were observed in cells due to 
excessive ROS generation. Studies showed that oxidative 
stress is often associated with the induction of inflammation. 
To my knowledge, no studies confirmed the harmful effects 
of La2O3 NPs, on human liver cells. The objective of this 
study was to investigate the toxic effects of La2O3 NPs on 
human normal and cancer cells.

Materials and Methods
Chemical and Reagents
Lanthanum oxide (La2O3) nanoparticles (La2O3NPs, 
99.99%, 10–100 nm, Stock#: US3265) was purchased 
from US Research Inc. Houston TX USA. MTT, H2- 
DCFH-DA), DMSO, and Annexin V FITC were bought 
from Sigma-Aldrich (St. Louis, Missouri, United States). 
DMEM and fetal bovine serum were purchased from 
Gibco, USA.

Characterization of La2O3 NPs
The La2O3NPs obtained were characterized using scan-
ning electron/transmission electron microscope (SEM/ 
TEM) (JEOL Inc., Tokyo, Japan) operated at 200 kV and 
X-ray diffraction (XRD) (Rigaku, Tokyo, Japan) operated 
at 9 kW and coupled with Smart Lab Guidance software 
(Smart Lab Studio II package software). Average 

hydrodynamic size and zeta potential of La2O3NPs in 
dH2O and culture medium were observed by DLS (Nano- 
Zeta Sizer-HT, Malvern, UK) as described.14 We have 
used 300 μg/mL La2O3NPs suspension for DLS measure-
ment and this is the maximum exposure concentration 
used to evaluate cell viability.

Establishment of Cell Lines and 
Treatment of Nanoparticles
CHANG and HuH-7 cells were procured from American 
Type Culture Collection (ATCC), USA. These cells were 
subcultured in DMEM with 10% FBS and 10,000 U/mL 
antibiotics at a 5% CO2 incubator at 37°C.

CHANG and HuH-7 cells were sub-cultured overnight 
before exposure to La2O3NPs. The stock solution of 
La2O3 NPs was made in double-distilled water at the rate 
of 1 mg La2O3 NPs/mL DDW and diluted according to 
the experimental dosage (0–400 µg/mL). Control cells 
were not exposed to NPs and were considered as controls 
with each experiment.

Cell Viability Assay
After 24 hrs incubation with La2O3NPs in CHANG and 
Huh-7 cells, mitochondrial activity was determined by the 
MTT test.15 MTT solution (100 µL) was mixed to each 
well in a final concentration of 0.5 mg/mL and further left 
for incubation for an additional 3.5 h. The resulted for-
mazan was diluted in dimethyl sulfoxide (DMSO) and the 
absorbance was measured at 570 nm using BioTek Epoch 
plate reader (BioTek Instruments, Winooski, VT, USA) 
and Gen5 software (version 1.09).

LDH Assay
The lactate dehydrogenase (LDH) technique was fol-
lowed as described.16 The cells were treated with differ-
ent concentrations of La2O3NPs for one day. After 
treatment, the culture plate was centrifuged at 
1200 rpm for 10 minutes. Then supernantant (100 µL) 
were taken from the culture plate. The LDH activity was 
examined in 1.0 mL of reaction mixture with 100 µL of 
pyruvic acid (2.5 mg/mL phosphate buffer) and 100 µL 
of reduced nicotinamide adenine dinucleotide (NADH; 
2.5 mg/mL phosphate buffer), and the rest of the volume 
was adjusted with phosphate buffer (0.1 mol/L, pH 7.4). 
The rate of NADH oxidation was determined by follow-
ing the decrease in absorbance at 340 nm for 3 minutes 
at per minute intervals at 25◦C using 

https://doi.org/10.2147/IJN.S302478                                                                                                                                                                                                                                    

DovePress                                                                                                                                         

International Journal of Nanomedicine 2021:16 3488

Almukhlafi et al                                                                                                                                                      Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


a spectrophotometer (Varian-Cary 300 Bio). The amount 
of LDH released is expressed as LDH activity (IU/L) in 
culture media.

Investigation of La2O3NPs Uptake by 
CHANG and HuH-7 Cells
To investigate the ability of La2O3NPs penetration into the 
CHANG and HuH-7 cells over 24 h were analyzed by 
transmission electron microscopy (TEM). The cells 
(3×104) were seeded in a cell culture dish (35 mm) for 
24 hrs. The suspension of La2O3 NPs was exposed for 24 
hrs. Shang et al17 reported that uptake of nanoparticles was 
less at a higher concentration of nanoparticle exposure. So 
we selected a medium concentration (100 µg/mL) of 
La2O3 NPs for the uptake test. CHANG and HuH-7 
cells were incubated with La2O3 NPs for 24 hrs in the 
same environmental condition.

After exposure, we have fixed the cells in 2.7% glutar-
aldehyde for 60 min and sections of cells were prepared 
according to Ciorîță et al.18 The sections were placed on 
copper grids and examined with TEM Jeol JEM 1010 
(JEOL, Tokyo, Japan), operated at 80 kV, and coupled 
with a Mega View III digital camera. To confirm if the 
electron-dense accumulations seen inside cells were 
La2O3 NPs.

Intracellular Reactive Oxygen Species 
(ROS) Generation
The production of intracellular ROS in CHANG and HuH- 
7 cells after exposure to La2O3 NPs (0, 10, 20, 50, 100, 
and 300 µg/mL) for 24 hr were measured as described.19

Oxidative Stress
After treatment with NPs for 24 hrs, the cells were col-
lected by 0.25% trypsin and crushed by ultrasonicator. 
After that, the cell lysate were used for the detection of 
the oxidative stress parameters like reduced glutathione 
(GSH), and superoxide (SOD) according to the following 
methods. Quantity of protein was determined using the 
method described by Bradford20 with BSA as the standard.

GSH Level
The GSH level was determined by using Alarifi et al 
method.21 The assay mixture contained phosphate buffer, 
5, 5-dithiobis-(2-nitrobenzoic acid), and cell extract. The 
reaction was monitored at 412 nm and the amount of GSH 
was expressed in terms of GSH mM/mg protein.

SOD Level
SOD test was done according to the method.21 The assay 
mixture contained 50 mM Na2CO3, 1.6 mM NBT, Triton 
x-100 (10%) and 100 mM of hydroxylamine-HCl along 
with the cell lysate was added and the optical density was 
determined at 560 nm.

Evaluation of Apoptotic and Necrotic 
Cells Using a Confocal Microscope
Apoptotic and necrotic cells were detected by using AO 
and EtBr staining after exposure of La2O3 NPs (0, 10, 20, 
50, 100, and 300 µg/mL) in CHANG and HuH-7 cells 
after by using a confocal microscope (ZEISS LSM 900).

AnnexinV-FITC
After exposure of La2O3 NPs (0, 10, 20, 50, 100, and 300 µg/ 
mL) to CHANG and HuH-7 for 24 h. The cells were washed 
with chilled PBS and collected in an Eppendorf tube and cen-
trifuged at 1000 rpm for 5 minutes. The cell pellets were mixed in 
binding buffer (485µL) with 5 µL Annexin-V FITC and 10 µL 
PI. The cell suspension was incubated at darkroom temperature 
for 30 minutes. After incubation, the cell suspension was detected 
by flow cytometry (Becton-Dickinson Immuno cytometry 
Systems, Sunnyvale, CA, USA). Fluorescence emitted by 
Annexin-V bound FITC and DNA-bound propidium iodide in 
each event was detected as red fluorescence, respectively. Results 
were analyzed by FACS Diva 6.1.2 software.

Comet Assay
DNA damage in CHANG and HuH-7 cells were deter-
mined using comet assay as described.22,23

Statistical Analysis
The data were analyzed by SPSS 26.0 software (IBM) and 
expressed as mean ± standard error (SE). Statistical differ-
ences between the control group to exposed groups were 
determined by a one-way ANOVA test with the least- 
significant difference test. *p-value <0.05 was considered 
statistically significant.

Results
Characterization of La2O3 Nanoparticle
La2O3NPs were purchased from US Research Nanomaterials 
Inc. (Houston, TX, USA) and have been characterized by SEM, 
TEM, XRD, and DLS methods. Nanoparticles were non- 
uniform sheet-like structures in shape and showing aggregation 
pattern as determined by TEM. Figure 1A and B showed the 
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images of La2O3 nanoparticles by SEM and TEM, respec-
tively. The shape of La2O3NPs was a sheet-like structure 
(Figure 1A and B). The average size of NPs was 32 ±1.6 nm 
(Figure 1C). Figure 1D showed the spectrum of La2O3 NPs by 
XRD and it was shown 99.5% purity. After the suspension of 
La2O3 NPs in Milli Q water and DMEM, their size was 
determined using a Zetasizer, and size and zeta potential were 
296±6.0 nm and ~10.7 ±3.7 mV and 161±9.9 nm and ~11.5 
±4.9 mV (Table 1).

Uptake of La2O3 Nanoparticle in Cells
We have observed the La2O3 NPs internalization in CHANG 
and HUH-7 cells was treated with 100 μg/mL for 24 hr, and 
untreated cells were used as control using TEM. La2O3 NPs 
have reached into the cell due to their smaller size24 and 
clusters of NPs were formed inside cells (Figure 2A–D).

Cytotoxicity
We have measured the cell viability of CHANG and HuH-7 
cells after exposure to La2O3 NPs (0, 10, 20, 50, 100, and 300 
µg/mL) for 24 hr. The result of cytotoxicity was shown in 
Figure 3A and B. La2O3NPs induced cytotoxicity in CHANG 
and HuH-7 cells in a dose-dependent manner. More toxic 
effect of La2O3 NPs was observed in CHANG cells than 
HuH-7 cells at a higher dose of 300 µg/mL (Figure 3A).

The effect of La2O3 NPs on the plasma membrane 
of both cells was observed by using the LDH test. The 
leakage of LDH enzymes was increased as the concen-
tration of NPs was increased. Thus it was confirmed that 
La2O3NPs deteriorated the membrane of cells and as 
a result apoptosis and cytotoxicity occurred (Figure 3B). 
The pattern of cytotoxicity in both cells showed an 
irregular pattern (Figure 3A and B).

Figure 1 (A) SEM image of La2O3NPs (B). TEM image of La2O3NPs (C). Distribution of La2O3NPs in water suspension (D). XRD spectrum of La2O3NPs.

Table 1 Physical Characterization of La2O3 Nanoparticles Using Dynamic Light Scattering. Data Represent the Mean ± Standard Error 
(± S.E) of Three Independent Experiments

Nano Powder Dispersant DLS Mean ± S.E. (nm) Zeta Potential ± S.E. (mV)

La2O3 Milli-Q-H2O 296 ± 6 ~10 ± 3.7

DMEM 161 ± 9.9 ~11.5 ± 4.9
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Oxidative Stress
Oxidative stress was determined by measuring ROS, GSH 
and SOD enzymes in CHANG and HuH-7 cells. The forma-
tion of intracellular ROS was determined by capturing DCF 
fluorescence. The green fluorescence intensity was observed 
more at 100 µg/mL La2O3 NPs in CHANG cells (Figure 4A 
and E) than HuH-7 cells (Figure 4A and K). DCF fluores-
cence (green color) intensity was irregularly increasing and 
decreasing (Figure 4A–K). GSH and SOD were determined 
and statistically analyzed with control cells. The GSH level 
was decreased after exposing La2O3NPs and maximum 
declination was found in CHANG cells (Figure 5A) at 300 
µg/mL La2O3NPs. The level of SOD was increased irregu-
larly in both cells (Figure 5B).

Apoptosis
The apoptotic and necrotic effects of NPs on CHANG and 
HuH-7 were evaluated by using FACS as a consequence 
we found 49% apoptotic cells in CHANG cells and 32% 
apoptotic cells in HuH-7 cells at 300 µg/mL La2O3 NPs 

(Figure 6K). We have observed the necrotic effect of NPs 
in CHANG cells at 100 and 300 µg/mL La2O3 NPs 
(Figure 6K). We have presented in Figure 6A–J. The 
statistical analysis of early apoptotic and necrotic cells 
was determined by (FACS) as shown in Figure 6K.

Figure 7A and B showed apoptotic and necrotic cells in 
CHANG and HuH-7 by stained AO/EtBr, and images were 
captured by confocal microscope. The percentage of apoptotic 
and necrotic cells is shown in Figure 7C and maximum 
apoptotic cells were observed at 300 g/mL in HuH-7 cells 
(Figure 7C).

DNA Damage
DNA fragmentation in CHANG and HuH-7 cells were 
observed (Figure 8A–K). DNA fragmentation was found 
in a dose-dependent manner in both cells. Maximum DNA 
damage was found in HuH-7 cells at 300 µg/mL La2O3 
NPs (Figure 8J and K). DNA damage occurred more in 
CHANG cells than HuH-7 cells at 20 and 50 µg/mL 
La2O3 NPs. DNA damage was slightly equal in both 
cells at 100 µg/mL La2O3 NPs (Figure 8D, I and K). 

Figure 2 TEM micrographs of La2O3 NPs cellular uptake (A). CHANG control (B). CHANG at 100 μg/mL La2O3 NPs for 24 hrs (C). HUH-7 control (D). HUH-7 at 100 
μg/mL La2O3 NPs for 24 hrs. Black arrow = small NP aggregates.
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Figure 3 Cytotoxicity of La2O3NPs on CHANG and HuH-7 cells for 24 hrs, as evaluated by (A). MTT (B). LDH assays. Each value represents the mean ±SE of three 
experiments. n= 3, *p < 0.05 vs control.

Figure 4 After exposure of La2O3NPs, production of intracellular ROS in CHANG and HuH-7 for 24 hrs (A). Percent of DCF fluorescence intensity and generation of 
green fluorescence in CHANG and HuH-7 for 24 hrs after exposure of La2O3NPs (B). Control CHANG cells (C). CHANG cells at 20 μg/mL (D). CHANG cells at 50 μg/ 
mL (E). CHANG cells at 100 μg/mL (F). CHANG cells at 300 μg/mL (G). Control HuH-7 cells (H). HuH-7cells at 20 μg/mL (I). HuH-7cells at 50 μg/mL (J). HuH-7cells at 
100 μg/mL (K). HuH-7cells at 300 μg/mL. Each value represents the mean ±SE of three experiments. *p < 0.05 vs control.
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Figure 5 After exposure of La2O3NPs on CHANG and HuH-7 for 24 hrs (A). Levels of GSH (B). SOD in cells. Each value represents the mean ±SE of three experiments. 
*p < 0.05 vs control.

Figure 6 After exposure of La2O3NPs, scatter diagram of apoptotic and necrotic CHANG and HuH-7 for 24 hrs (A). Control CHANG cells (B). CHANG cells at 20 μg/ 
mL (C). CHANG cells at 50 μg/mL (D). CHANG cells at 100 μg/mL (E). CHANG cells at 300 μg/mL (F). Control HuH-7 cells (G). HuH-7cells at 20 μg/mL (H). HuH-7cells 
at 50 μg/mL (I). HuH-7cells at 100 μg/mL (J). HuH-7cells at 300 μg/mL. (K) Percent of apoptotic and necrotic CHANG and HuH-7 for 24 hrs after exposure of La2O3NPs. 
Each value represents the mean ±SE of three experiments. *p < 0.05 vs control.
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Compared with the control group, DNA damage of La2O3 
NPs was raised significantly (p < 0.05) in CHANG and 
HuH-7 cells (Figure 8A–K).

Discussion
Due to advanced technology, nowadays, nanomaterials are 
an important entity of our daily life and these have beneficial 
as well as harmful effects on human health. As the applica-
tion of La2O3 NPs in daily use products has increased in the 
last few decades, which are unavoidable discharged into the 
natural environment.25 In this experiment, we have observed 
the toxic potential of La2O3 NPs on CHANG and HuH-7 
cells. Before exposure of La2O3 NPs to cells, we have 
characterized the nature and size of nanoparticles using 
TEM, XRD, and Zetasizer. TEM analysis explored that the 
average size of NPs was 32 nm with a sheet-like structure 

shape (Figure 1A and B). In this study, ROS has a main role 
in inducing toxicity and apoptosis of CHANG and HuH-7 
cells. We observed were bio distributed and internalized of 
toxicity La2O3 NPs in CHANG (Figure 2B) and HuH-7 
cells (Figure 2C). Su et al26 reported that La3+ ions trigger 
apoptosis and in cancerous cells. We have observed the 
toxic effect of La2O3 NPs at all concentrations in both 
cells but maximum toxicity exerted in CHANG cells than 
HuH-7 cells at 300 µg/mL for 24 h. The current finding was 
corroborated with the finding of Sambale et al27 for the 
toxicity of silver nanoparticles in mammalian cell lines. 
Hence, La2O3 NPs exposure outcompeted in reduction 
viability and leakage of lactate dehydrogenase in CHANG 
and HuH-7 cells. Some researchers reported phytotoxicity 
of La2O3 NPs on Cucumis sativus L.28 In this experiment, 
we have investigated the generation of intracellular reactive 

Figure 7 After exposure of La2O3NPs, induction of apoptotic and necrotic cells in CHANG and HuH-7 for 24 hrs (A). AO/Etbr staining fluorescence in CHANG cells for 
24 hrs after exposure of La2O3NPs (B). AO/Etbr staining fluorescence HuH-7 cells for 24 hrs after exposure of La2O3NPs (C). Percent of apoptotic cells in CHANG and 
HuH-7cells after exposure of La2O3NPs for 24 hrs. Each value represents the mean ±SE of three experiments. *p < 0.05 vs control cells. Arrow indicates apoptotic cells.
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oxygen species, and its generation was increased in a dose- 
dependent manner and subsequently, production of ROS 
was higher in CHANG cell than HuH-7 cells. The effect 
of ROS may be due to mitochondrial-mediated pathway as 
we found in our experiment. Victor et al29 reported that in 
the extrinsic pathway of apoptosis, still not approved ROS 
as an activator due to lanthanum NPs. Intrinsic pathway 
occurred in apoptosis due to nanoparticles.30 NP produced 
free radicals which degenerate the cells through the genera-
tion of reactive oxygen species. We have confirmed the 
apoptotic response of La2O3 NPs using flow cytometry. 
Apoptotic and necrotic cells were induced at a higher con-
centration of NPs.

In conclusion, we have observed the toxic potential of 
La2O3 NPs depends upon the cell type of human liver 
cells. La2O3 NPs showed cytotoxicity, apoptosis, most 
likely due to its size effect and induction of ROS and 
oxidative stress. The most important finding from this 
study is that La2O3 NPs internalized passively into these 
liver cells and induced toxicity. Based on our findings, we 

observed HuH-7 cells are more sensitive to La2O3 NPs 
than CHANG cells. Further study of La2O3 NPs toxicity 
in vivo model in my further study.
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