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ARTICLE INFO ABSTRACT

Key words: Neodymium oxide exhibits a unique property, which facilitates and largely utilized as an industrial applications.
Neodymium oxides A number of cytotoxic study is available but very limited information is available to understand their biological
TEM activity with neodymium oxide at a very low conc- entration of the material. The present work was designed to
xg; understand the cytotoxicity against liver (HepG-2) and lung (A-549) cancer cells. Initially, Neodymium oxides
ROS (Nd203) were prepared and characterized with various instruments. The crystallinity and morphology of Nd2O3
Cell lines powder were examined with instruments such as X-Ray Diffraction (XRD), scanning electron microscope (SEM),

Transmission electron microscopy (TEM), Energy Dispersive X-Ray Analysis (EDX) respectively, revealed the size
of curved nanostructure are ~140 + 2 in diameter whereas length goes upto ~700 nm with elemental
composition. The cytotoxicity study was conducted with MTT, NRU assay with genotoxicity study via ROS, cell
cycle and qPCR analysis. The cells cytotoxic assessment were analysed via MTT(3-(4,5-Dimethylthiazol-2-y)—
2,5-Diphenyl tetra zolium Bromide) and Neutral Red Uptake (NRU) assay with neodymium oxide (Nd203), which
indicates the reduction in cell viability. Additionally, cell-cycle analysis showed an increase in the apoptotic peak
after a 24-h. Quantitative real-time PCR (RT-PCR) data revealed that apoptotic genes such as p53, bax, and
caspase-3 were up regulated, whereas bcl-2, an anti-apoptotic gene, was down regulated; therefore, apoptosis
was mediated through ROS and genotoxicity pathways. The experiments of cytotoxicity was tested and concludes
that the Nd»03 express a moderate and dose dependent effect on cancer cells. The ROS, cell cycle analysis and
qPCR showed that Nd;Os exhibit the capability to cells death via ROS generation and genotoxicity study
pathways.

1. Introduction

A series of rare-earth metals, which are identified in the periodic
table are toxic in nature and affected directly or indirectly to the envi-
ronment and human beings [1-3]. Roles of rare earth elements focusing
on different organisms exposure, points to a series of adverse effects
including bioaccumulation, respiratory diseases etc. [4]. Although, this
is well known and studied the chemical toxicity of the materials but its
very limited and not well explored on the effect human biological

systems [5]. The nanotechnology fascilitates to understand the role of
nanostructured material towards the direction of human beings [6,7].
Among various rare metals, the neodymium is one of the rare earth el-
ements (REEs), inclued in 17 metal elements (15 lanthanides & 2
non-lanthanides) and shares similar physicochemical and related prop-
erties [8-10]. Due to their unique magnetic properties [11], neodymium
is used as a permanent magnets [12], loud speakers [13], audio systems
[14], headphones [15], hard drives [16] in computers, catalysts [17],
turbines [18] etc. The global demand of neodymium is increases

Abbreviations: MTT, 3-(4,5-Dimethylthiazol-2-y1)-2,5-Diphenyl tetra zolium Bromide); NRU, Neutral Red Uptake; ROS, Reactive oxygen Species; Nd;O3, Neo-
dymium oxides; XRD, X-Ray Diffraction; SEM, scanning electron micro scope; TEM, Transmission electron microscopy; EDX, Energy Dispersive X-Ray Analysis; qPCR,

Quantitative real-time PCR.
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rapidely and the annual production turnover is 7300 tons, which ac-
counts as a fourth largest REEs production in the world [19,20].

Several physicochemical methods were applied to synthesis the
Nd,Os3 as a bulk nano structure or thin film such as chemical vapour
deposition (CVD) [21], plasma chemical vapour deposition (PECVD)
[22], thermal deposition [23], chemicals, mechanical and other appro-
ches [24]. The material can also be prepared via a low cost and easy
processing ways such as inverse microemulsion [25], sol-gel [26], ionic
liquid surfactant templates [27], hydrothermal [28], auto combustion
[29], sono chemical [30] etc. Among various ways of preparation pro-
cedure for the formation of Nd;O3 chemical precipitation process is the
best method also cost effective and can be synthesize Nd2O3 in bulk
amount [30].

The physical exposure to the human beings is toxic, whereas limited
studies available to expose the prepared nanostructured against cells
lines such as a long range of REEs trichloride salts (Y(III), La(III),Ce(III),
NdA(III), Sm(IID), Eu(IIl) and GA(III)) were used for the cytotoxicity study
and it shows the developmental defects Para-centrotuslividus pluteus
larvae with the following exposure [31]. In another report published by
Blaise et al., shows the REEs ecotoxicity responses generated with Hydra
attenuata, also known as Hydra vulgaris, an animal model used exten-
sively. They showed that the Hydra toxicity responses to REEs to be
among the most sensitive, along with those of other invertebrate species
[32]. In another work, the angiogenic processes was explored and check
the effect with neodymium NPs in modulating blood vessel formation
via angiogenic for strategy to identify a biocompatible nano therapeutics
for treating diseases [33]. The rat NR8383 alveolar macrophages were
also used to test cytotoxicity study with Nd2Os and showed that the
material was toxic and was dose dependent [34]. Chen et al., explained
that the toxic effects of Nd2O3 NPs on early development of Zebrafish
Embryos [35]. The result express that the Nd2O3 activated the apoptosis
pathway and induces toxicity with abnormal cardiac/cerebrovascular
developments [35]. The bio chemical alterations were also studied by
Nd at different concentrations (2.5, 5, 10, 20 and 40 mg/L) in the mussel
(Mytilus galloprovincialis) exposed to this element for 28 days [36].
Recently, the neodymium nanorods were synthesized and characterized
for the nano carrier through coating them with a poly-p-cyclodextrin
polymer and possible to apply as an anticancer drug delivery studies and
photothermal therapy [37]. In other work, the alloys of Neodymium
(NdFeTi and two NdFeSi alloys) were applied for in vitro study with two
model organisms (the A549 human cell line and the yeast Saccharomyces
cerevisiae) for both viability and oxidative stress assays. The study
explained that the direct alloys are harmful effects also their toxico-
logical details were compared with other reference materials [38]. In
another work, cytotoxic and radio sensitization ability for Nd2O3NPs
was checked with mammalian cell lines; U-87 MG and Mo59K. A sig-
nificant change in cytotoxicity and autophagy were observed in U-87
MG cells once exposed NdyOs and LayOs The study indicates the
importance of the genotype of cells with the use of rare earth oxides
[39]. Among various biological studies with Nd203 nanostructures such
as particles and other various shaped structures, limited study is avail-
able on the human cells lines such as a liver, lung and others.

Liver, which is a metabolic organ in the body and it’s directly and
indirectly affected with the environment, whereas the lung, which in-
hales various types of toxic gases and pollutions and a very important
organ in the body. Due to their important function in the body and daily
exposure to the environment, we have chosen liver (HepG-2) and lung
(A-549) cancer cells lines, which are widely accepted in the world and
their exposure with prepared curved shaped neodymium oxide (Nd2O3)
for their cytotoxic evaluation against both cancer cell lines [40,41]. The
objective of the present study is to investigate the effect of Nd2O3 on
human cell line of HepG-2 and A-549 cells by measuring cell viability
with different concentrations of Nd2Os. The novelty of the present work
describes here that although a number of studies are available related to
the cytotoxicity with human cell line of HepG-2 and A-549 cells but
there is no data available which show the cytotoxicity studies with
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human cell line of HepG-2 and A-549 cells by measuring cell viability
with very low concentrations of Nd2Os. These findings may provide
further insight into the cytotoxicity of rare earth Nd,O3 and the roles of
Nd2Os3 in human cell toxicity, which could benefit the Nd2O3 industrial
standard and safety standard formulation. The Nd,O3 was synthesized
via solution method and characterized well with various tools such as
X-ray diffraction pattern was employed to know the crystallinity of the
material. The scanning electron microscopy (SEM) was used to know the
general morphology of prepared material equipped with the EDX, which
displayed the elemental proportion of the Nd;Os. Further the structural
examination was conducted with TEM. The chemical functional and
optical behaviors of the material were accessed via FTIR and UV-visible
spectroscopy respectively. The cells morphology was examined via mi-
croscopy, whereas the cytotoxicity tests were measured via MTT and
NRU assays. The reactive oxygen species (ROS) generation, Cell cycle
analysis, and RT-PCR study, was also performed. Based on the acquired
results and their analysis a possible discussion was explained here.

2. Material and methods
2.1. Synthesis of curved shaped nanostructure of neodymium oxide

The Neodymium oxide nanostructures were prepared with use of
Neodymium nitrate (Nd(NO3)2.6H20) and sodium hydroxide (NaOH)
purchased from Sigma Aldrich Chem corporation and used without any
further purification. The 0.25 M (Nd(NO3)5 6H20) was dissolved in 100
mL of beaker. Once the dissolution was completed, to this NaOH (0.3 M
in 100 mL) was poured and mixed gently. The solutions pH was
measured and it was reached to 12.73. The mixture was transferred to
the refluxing pot and heated at 90°C for 3 h. When the reaction was
completed aqueous product was centrifuged (4000 rpm for 3 min) to
eliminate the ionic impurities and thereafter it was transferred on to
glass petri dishes and dried at 60°C in an oven. The dried powder product
was stored for further chemical, physical and biological analysis.

2.2. Characterization of prepared materials of neodymium oxide

The formed nanostructured powder crystallinity, phases, full width
half maxima and other related information were identified via X-ray
powder diffractometer (XRD) (PANalytical XPert Pro, U.S.A.) with Cugy
radiation (A = 1.54178 A) in range of 20-70° with 6°/min scanning
speed. The synthesized powder was analyzed to know their morphology
with using scanning electron microscopy (SEM, JSM-6380, Japan). The
analysis was conducted with prepared powders and it was squirted on
the carbon tape and fixed it on the sample (Nd203) holder. Once the
sampling was completed, the sample holder was transferred to a glass
chamber and sputtered with thin conducting layer of platinum (pt) for 3
s for to enhance the conductivity of Nd;O3 material. The sample holder
was fixed to SEM instrument and analyzed. Including the morphology,
the elemental analysis (Energy Dispersive X-Ray Analysis (EDX)) was
also performed to know the elements present in the materials and its
equipped with SEM. For more clarification, the morphological evalua-
tion was also accomplished via transmission electron microscopy (TEM,
JEOL, JSM 2010, Japan) and the structural detail was recovered at 100
kV current. For the functional groups evaluation of used chemicals, FTIR
spectroscopy was utilized in range of 400-4000 cm'. The analysis of
FTIR spectroscopy was conducted with very small amount of the pro-
cessed powder and it was mixed with KBr to form pellet under high-
pressure (~4 tons). The pellet was fixed to the sample holder and
analyzed the FTIR spectroscopy. The optical property of the material
was also analyzed via UV-visible (UV-visible, Shimazu) spectroscopy
ranges from 200 to 600 nm at room temperature.
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2.3. Cell culture of liver (HepG-2) and lung (A-549) cancer cells with
treatment of neodymium oxide

The liver (HepG-2) and lung cancer cells (A-549) were cultured in a
specified medium (DMEM/MEM) with 10-12% fetal bovine serum
(FBS), 0.2% sodium bicarbonate, and antibiotic-antimycotic solution
(100X, 1 mL/100 mL of medium) with humid atmosphere (5% CO, &
95% O5) at 37 °C. Earlier for the experiments, the cells viability were
evaluated by trypan blue dye as per the protocol [42] and shows the
viability more than 95% were only used in the study. The cells were
employed between 10 and 12 passages to treat cells with nano struc-
tures. The material was initially used at high concentration and there-
after, it was diluted at desired and different concentrations for the
treatment with cancer cells. The cells were grown in 6-well or 96-well
plates as per the experiment requirement.

2.4. Reagents and consumables for the biological study

The MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5 diphenyltetrazolium
bromide], was procured from Sigma Chemical Company Pvt. Ltd. St.
Louis, MO, USA and used without any further modification except
dilution, besides this the Dulbecco’s Modified Eagle Medium (DMEM)
and MEM culture medium, antibiotics-antimycotic and fetal bovine
serum (FBS) were purchased from Invitrogen, USA. The plastic wares
and other consumables products for the cells culture were used from
Nunc, Denmark.

2.5. MTT assay

The viability of cells was examined via MTT assay for control and
treated samples as per the previously set protocol [43]. In brief, the cells
were initially cultured in a specialized 96 well plates (rate of 1 X
10%/well) and it was incubated for 24 h at 37 °C with humidified
environment. The cells were treated with prepared sample Nd;O3 from a
long range of concentration (2.5-100 ug/mL) for 24 h. Once the cells
were completely mixed in well plates, stock solution of MTT (5 mg/mL
in PBS) was amalgamated with the rate of 10 pL/well in 100 pL of cell
suspension and further incubated for 4 h. Once the incubation period
was completed, the well plates solution was washed with PBS and in
these wells ~200 pL of DMSO was added for to aspirate the formazan
product and mixed gently. The optical analysis of the solution was
measured at 550 nm using multiwall micro-plate reader (Multiskan Ex,
Thermo Scientific, Finland). The control cells were employed as a
reference and to run with the same conditions. The maximum absor-
bance depends upon the employed solvent in sample solution and the
level of viability of cells % was calculated as per the equations
mentioned below:

% viability = [(total cells-viable cells)/total cells] x 100

2.6. NRU assay

The assessment of toxicity for control and treated (NdyO3) cancer
cells were also performed via NRU assay as described previously [44,
45]. Both cancer cells were seeded (10, 000/well) in 96 well plates.
When the cells were completely grown (after 24 h), exposed it with the
material at desired concentration (1-50 pg/mL) and reserved it for 24 h
in an incubator. After the exposure, cells were further incubated in NR
medium (50 pg/mL) for 3 h and thereafter cells were washed and dye
was extracted in 1% acetic acid and 50% ethanol solution. The develop
color was analyzed at 540 nm.
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2.7. Reactive Oxygen Species (ROS) Generation

The generation of reactive oxygen species (ROS) was examined with
using 2, 7-dichloro dihydro fluoresce in diacetate (DCFH-DA; Sigma
Aldrich, USA) dye, which is utilized as a fluorescent agent. This was
analyzed as per the previously described protocol [46]. The cells were
exposed with the processed material for 24 h, and washed well with PBS
and incubated for 30 min in DCFH-DA (20 pM) in dark medium at 37°C.
Once the reaction of DCFH-DA with control and treated cells were
completed, it was analyzed with intra-cellular fluorescence using fluo-
rescence microscope.

2.8. Cell cycle analysis treated with Nd>O3

For the cell cycle analysis, HepG2 cells treated with increasing
concentrations of Nd2Os (25-200 pg/mL) for 24 h. Cells were centri-
fuged at 3000 rpm for 5 min, then pellet was washed thrice with cold
PBS. Cells were fixed with 500 pL of chilled 70% ice-cold ethanol,
incubated at 4 °C for 1 h. After washing, the pellet was suspended in PBS
and stained with propiodium iodide (50 pg/mL) solution having 0.1%
Triton X-100 and 0.5 mg/mL RNase A for 1 h in dark at 37 °C. The red
fluorescence of 10,000 events of propiodium iodide (PI) stained cells
were acquired in FL4 Log channel through a 675 nm filter using flow
cytometer. The data were examined eliminating the cell debris, char-
acterized by a low FSC/SSC, using the Beckman Coulter flow cytometer
(Coulter Epics XL/X1-MCL, USA and System II Software, Version 3.0).

2.9. Isolation of total RNA and real-time PCR (RT-PCR)

RNA was purified from 3 x 10° cells/well of HepG2 cells untreated
and treated with Nd2O3 (200 pg/mL) for 24 h using the RNeasy mini Kit
(Qiagen) as the manufacturer’s protocol. Total RNA purity were verified
by using Nanodrop 8000 spectrophotometer (Thermo Scientific, USA)
and the integrity of RNA was visualized on 2% agarose gel using the
documentation system (Universal Hood II, BioRad, USA). The cDNA was
synthesized by the MLV reverse transcriptase (GE Health Care, UK) ac-
cording to the kit instruction taking 2 pg of RNA and 100 ng of oligo
(dT)1218 primer. For the quantification of set of primers of apoptotic
and anti-apoptotic gene was done using Roche® LightCycler®480 (96-
well block), following the recommended cycling program. For the re-
action mixture of 20 pL taking 100 ng of the cDNA and 7.5 pM of each
primer with 2 x of SYBR Green I Roche Diagnostics. The RT-PCR cycling
conditions at 95°C for 10 min denaturation step, followed by 40 cycles of
95°C for 15 s denaturation, 60 °C for 20 s annealing, and 72°C for 20 s
elongation steps. Expressed genes data were normalized by GAPDH, as
an internal housekeeping control gene.

3. Result and discussion
3.1. X-ray diffraction pattern

The grown prepared powder was analyzed via XRD pattern, which
describes the particles crystalline property, crystallite size and phases of
the prepared material (Fig. 1). The prepared powder materials XRD,
illustrates the peaks, which show the crystalline and phases of the ma-
terial. The spectrum illustrates the indexed and assigned peaks such as
25.96 <100 >, 27.78 <002 >, 28.75 < 101 >, 40.38 < 102 >, 44.62
<110 >,51.53 <103 > and 56.98 < 112 > which are very similar and
represents for the formation of Nd203 and in accordance with hexagonal
structure of NdyO3 (JCPDS card no.41-1089) [47]. From the X-ray
diffraction pattern, phases, peaks positions, FWHM, crystallite size and
average diameter of the crystallite (nm) of the grown powder were
calculated with well-known scherrer formula as previously described in
the literature [47,48]. The average crystallite was ~17 nm calculated
from Scherrer equation as described previously [47,48]. The sharp and
intense peaks indicate that the synthesized powder particles exhibit
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Fig. 1. XRD pattern of the prepared curved shaped nanostructure of neodym-
ium oxide (Nd;O3).

good crystallinity, whereas FWHM or wide width of the peaks defined
that the size of each crystallite is very small. In the spectrum, no any
chemical impurities were observed, which further confirm that the
prepared powder is highly pure material.

3.2. Scanning electron microscopy (SEM) results

The identification of processed powders morphology was accom-
plished with using SEM and the obtained images are illustrated as Fig. 2.
From the low magnified images (Fig. 2a-b) seems several particles with
dense structures were arranged embedded with the accumulation of
several minute particles are appeared which are linked together. For
more clarification and the information of an individual particles
morphology confirmed from high magnification images (Fig. 2¢-d). It
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seems from the images that several plates and sheets like curved struc-
tures are appeared, which exhibit the average estimated diameter of
each individual particle structure length ranges from 700 to 1 pym
whereas the diameter goes up to 100-150 nm (Fig. 2d). The obtained
information from SEM and their material analysis is well vindicated and
in consistent with the XRD analysis (Fig. 1).

Including to this, the elemental analysis of the prepared material was
also observed via EDS spectroscopy in build with SEM micrograph
(Fig. 3). It is clearly seen from the obtained EDS spectrum that only
shows the neodymium and oxygen peaks appeared in the spectrum,
further reveals that the formed structures were made with neodymium
and oxygen. Also their atomic mass ratios are oxygen (20.09%) and
neodymium (79.91%). The spectrum and their % atomic rations further
reveals that no any other impurities related to the other elements were
detected which again confirm that the synthesized material is pure
neodymium oxide (Fig. 3).

3.3. Transmission electron microscopy (TEM) results

Furthermore, for more clear clarification related to the morphology,
the formed powder was also examined with TEM as described in mate-
rial and method and the obtained result is presented as Fig. 4. As per the
observation recovered from the SEM images, TEM image is also in
consistent with the TEM image. Curved shaped nanostructure (Nd2O3)
structure of neodymium oxide was appeared. The average size of
structure in terms of length goes up to about 700 nm, whereas the
diameter is about 140 nm. The recovered image confirms that the
structure surfaces are smooth, clear and well analogous with SEM
(Fig. 2) images.

3.4. FTIR results

Fig. 5(a). Shows that a peak ranges between 3200 and 3600 cm !
illustrate the H-O-H stretching mode. The peak obtained at 2073 cm ™!

related to the CO, where as an intense peak was observed at 1503 cm ™

for O-H molecule (Fig. 5a)). The peak obtained at 1392 cm™' is

2 7 - ,:‘f\ P
- i v * -
- ,;,;A.A.j:g’ » P ! ¢ ¢ k

3 J » >
LRSS 5 g

~,

Fig. 2. SEM images of Nd,O3 (a-b) shows the low magnification images whereas (c-d) shows the high magnification image at which depicts the surface morphology

of the Nd,0s.
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Fig. 3. SEM equipped energy dispersive spectroscopy of Nd,O3, which shows the elemental compositions rations of Nd (79.91%) and O (20.09%) respectively.

Length ~700 nm

100 nm

Fig. 4. TEM displayed the average size (diameter and length) of each Nd;O3
are ~140-150 and ~700 nm respectively.

correlated to the NO3! group [49], whereas the bands at ~680 and
454 cm ! are correlated with the vibration of metal and oxygen bands
(Nd203) respectively [50]. From this spectrum, it demonstrates that
there is no any other band was observed related to other functional
group in the spectrum, which illustrates the purity of the material [49,
50].

3.5. UV-visible spectroscopy

The UV-visible spectroscopy denotes the optical characteristics of
the prepared material. It also signifies the band gap energy of the pre-
pared material. Fig. 6 shows a curved peak at 378 nm wavelength of the
prepared material. The band gap value was calculated from the spec-
trum, which is 3.28 eV (Fig. 5b). This band gap energy is very similar
and equal to the observed values as documented in literature [47,51].

(A)
54
g 1
g
=
g
h
H-O-H Nd,0,
3600 3000 2400 1800 1200 600
Wave number (/cm?)
®
1
8
s 378 nm
=
5
2
<
300 400 500 600 700 800

Wave Length (nm)

Fig. 5. (A) Typical FTIR spectroscopy of grown Nd,Os.(B) UV-visible spec-
troscopy of Nd,Os.
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Fig. 6. Morphological changes in HepG2and A-549 cells exposed to various concentrations of Nd,O3 for 24 h. Images were taken at 20x (each scale=1 mm).

3.6. Microscopic observations of cancer cells (Hep-G2 and A-549) with
Nd203

The cancer (Hep-G2 and A-549) cells were cultured as described in
the materials and method section and their morphological evaluation
was observed via microscopy at 24 h incubation periods with a wide
range of opted concentrations of Nd;O3 (50, 100 and 200 ug/ mL) with
control (Fig. 6). From the obtained image, it’s evident that it there is no
noteworthy alternation was observed at initial range of concentration
(50 pg/mL) of NdyOs, but when this concentration was increase to
100 pg/mL, the cells growth was influenced. As can be seen from the
recovered images that the growth of cells was much influenced with the
processed material and it was dose dependent. At highest concentration
of NdO3 200 pg/mL the cells growth was much affected and
morphology of cells was destroyed (Fig. 6). From the microscopic im-
ages it’s reveals that the cells were completely damaged with the pro-
cessed Nd2Os. Very similar trend is also seen in case of A-549 cells with
the Nd,O3 with same concentrations (Fig. 6).

3.7. The induced cytotoxicity (MTT Assay) with Nd203

The cancer cells (HepG2 and A-549 cells) cytotoxicity were exam-
ined via MTT assay as mentioned above with different concentrations
ranges of material from 2 to 200 ug/mL for 24 h incubation. From the
obtained data it shows that viability of cancer cells was diminished with
the prepared Nd;O3 and the data was concentration/dose-dependent.
The HepG2 cells viability, with MTT assay was diminutions at 24 h
100.2%, 100.3%, 96%, 91%, 81%, 73% and 68% (Fig. 7a) for the con-
centrations of 2, 5, 10, 25, 50 100 and 200 pg/mL respectively (p < 0.05
for each). In case of A-549 cells viability, MTT assay was decreases at
24 h 101%, 102%, 100%, 96%, 88%, 81% and 71% (Fig. 7b) for the
concentrations of 2, 5, 10, 25, 50 100 and 200 pg/mL respectively
(p < 0.05 for each). It reveals from the obtained data that initially at low
concentration of material much affected whereas once the concentration
raises the cytotoxicity of cancer cells were much influenced.

3.8. Cytotoxicity assessment by NRU assay cancer cells with Nd203

The similar observations were also found in NRU assay as described
in the materials and method section. In both utilized cancer cells the
prepared materials is not much affected initially, whereas once the
concentration or doses of nanostructures increases cells was diminished
and it were dose dependent. For the HepG2, NRU assay was decreases at
24 h 99%, 97%, 96%, 90%, 80%, 72% and 64% (Fig. 8a) for the con-
centrations of 2, 5, 10, 25, 50, 100 and 200 pg/mL respectively
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& 2 3

[
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Control  2pg/ml  Spg/ml 10 pg/ml 25 pg/ml 50 pg/ml 100 pg/ml 200 pg/ml

Concentrations

(B) 120

100

% Cell Viability
2

20

Control  2pg/ml  Spg/ml 10 pg/ml 25 pg/ml 50 pg/ml 100 pg/ml 200 pg/ml
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Fig. 7. Percent cell viability by MTT assay in (A) HepG2 and (B) A-549 cells
following the exposure of various concentrations of Nd,O3 for 24 h. Values are
Mean =+ SE of three independent experiments.

(p < 0.05 for each). In case of A-549, NRU assay was decreases at 24 h
99%, 105%, 100%, 105%, 90%, 83% and 73% (Fig. 8b) for the con-
centrations of 2, 5, 10, 25, 50, 100 and 200 pg/mL respectively
(p < 0.05 for each).

3.9. Induced ROS generation in cells with Nd203

A chronological order for ROS generation was examined in case of
Hep-G2 cells after the exposure of Nd,O3 at 50, 100 and 200 pg/mL
concentrations for 24 h (Fig. 9A) with control. As it can be observed
from the image (Fig. 9A) and graph (Fig. 9B) that ROS is increases with
the increase of Nd2O3 as compared to control cells. The ROS were in-
crease at 50 pg/mL, 100 pg/mL and 200 pg/mL were 132, 145, 176% as
compared to control (100%) (Fig. 9B).
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Fig. 8. Percent cell viability by NRU assay in (A) HepG2 and (B) A-549 cells
following the exposure of various concentrations of Nd;O3 for 24 h. Values are
Mean =+ SE of three independent experiments.

3.10. Effect of Nd203 on cell cycle progression

The HepG2 cells exposed with 25, 50, 100, and 200 ug/mL of Nd2O3
caused an increase in apoptotic (SubG1l) phase. The increase in the
population of SubG1 phase was observed as 18.2%, 25.2%, 32.2%, and
56% at 25, 50, 100, and 200 pg/mL, as compared to 1.97% in control
(Fig. 10). Simultaneously, G2/M phase was reduced from as 17.2%,
16%, 13%, and 8.82% at 25, 50, 100, and 200 ug/mL, relatively, 27.4%
G2/M phase was recorded in control.

(A)

100 pg/ml

200 pg/ml
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3.11. Real time PCR induced by Nd;03

For the study of mRNA level using quantitative RT-PCR the HepG2
cells were treated to Nd»O3 for 24 h at a concentration of 200 pg/mL,
and quantitative RT-PCR was performed to evaluate the mRNA level of
genes (p53, bax, casp3, and bcl-2). Significantly altered the regulation of
apoptotic genes in HepG2 cells (p < 0.05 for each gene). The mRNA
levels of tumor suppressor gene p53 and the pro-apoptotic gene bax
were upregulated. We also identified higher expression of the caspase-
3gene in NdyOs treated cells. The expression of bcl-2, an anti-
apoptotic gene, was downregulated in cells treated with Nd,O3 (Fig. 11).

4. Discussion

The neodymium oxide (Nd;Os3), a rare earth element exhibit a
remarkable value and largest industrial applications such as powerful
permanent magnets, microphones, loud speakers, head phones, electric
motors, computer hard disks and various other [52,53]. A series of ap-
plications of neodymium [12-20] metal is well described in the litera-
ture but very limited applications are available as biological applications
and as a nanostructured material. In this study, we have prepared a
unique shape and size of neodymium oxide nanostructured material of
Nd,Os3, which seems to be a curved shaped nanostructure (Nd;O3). The
noteworthy prepared structure was well characterized and confirm with
various techniques such as XRD, SEM, and TEM were used to identify the
crystallinity, size (D=140 nm and L=~700 nm) and morphology of the
synthesized material including the SEM equipped EDX elemental detail.
Functional details were confirmed via FTIR spectroscopy and optical
activity of the material was examined via UV-visible spectroscopy. Be-
sides the basic information recovered from the characterizations, the
main objective of this study was also to investigate the cytotoxic re-
sponses of curved shaped nanostructures against liver (HepG2) and lung
(A-549) cancer cells. Initially, MTT assay was utilized with and without
nanostructures to check the cytotoxicity against cancer cells for 24 h.
For to check the viability of cancer cells against the processed material a
long range (2, 5,10, 25, 50,100 and 200 pg/mL) of Nd;O3 were inter-
acted for 24 h, which shows that the viability cells were in concen-
tration/dose dependent. It is also well evident that the recovered results
are in accordance with the previously published literature on cytotoxic
activity [54]. It may hypothesize that the cytotoxic activity in both
cancer cells with Nd,O3 depends upon their unique structural geometry,
distinctive property; functions are well responsible for the cell death

(B)

200 - *
180
160 *
140
120
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9% ROS Generation

Control 50 pg/ml 100 pg/ml 200 pg/ml
Concentrations

Fig. 9. ROS generation induced by Nd,O3 in HepG2 cells exposed for 24 h. where (A) shows the image of ROS generation and (B) displayed their bar diagram. Values

are Mean + SE of three independent experiments.
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Fig. 11. For mRNA quantification levels, fold change of apoptotic genes (p53,
bax, and casp3) and anti-apoptotic gene (bcl-2) was analyzed. Cells treated
200 pg/mL of Nd2O3 for 24 h. For the normalization an internal control of
GAPDH used. The values are mean + SE of three independent experiments.
*Statistically significant difference as compared to control (p < 0.05).

[55]. Further to know the cytotoxicity of cancer cells and the role of
Nd,O3 with their mechanism, we also measured the reactive oxygen
species (ROS), which played a key role for the cytotoxicity in HepG2 and

exhibit the tendency to produce reactive oxygen species (ROS) in cells
and are responsible for the toxicological effects [56]. The cells compo-
nents such as the DNA, protein, and lipids can be possible to disturb their
functions with ROS generation and responsible to cell death [57]. The
current study showed that Nd;O3 persuades the ROS in a quantified
dose/concentration-dependent manner in HepG2 and A-549 cells and
causes the cell cytotoxicity [58]. The detail study summarizes that the
cell death was induced with interaction of Nd;Os, resulted the upsurge
rate of ROS generation, once treated with nano structures. Based on the
received data’s such as XRD, SEM, TEM and biological results such as
MTT, NRU, and ROS, we may expect that cytotoxicity is dose dependent
with their gentle behavior against cancer cells and not to destroyed
hardly.

To eradicate the cancer cells completely in human beings a number
of therapies were opted such as chemotherapy, radiotherapy etc., but
the results are not satisfactory because if any cells remain in the body, it
will again grow and form again a giant tumor. Till to date, the surgery is
very costly technique and hard for the patients also the recovery is
painful and time consuming. Ample work is needed towards this direc-
tion to establish a successful ways for to complete reduction of cancer
cells at a very low price with efficiently and effectively. The
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nanotechnology is now proved and well contributed towards this area at
a very cost effective manner. Due to their unique structural organization
of nanostructures, facilitates an outstanding improvement to eradicate
the cancer cells as equated to the current technologies without any
harmful effects. The tiny and unique geometry make a passage to enter
easily and quickly to the cancer cells organelles as compared to other
existing drugs, which makes possibility to complete reduction of cancer
cells.

5. Conclusion

The summary of the present work described here that, we have made
curved shaped nanostructures of neodymium oxide via solution process
using neodymium nitrate and sodium hydroxide at very low tempera-
ture in a very less time. The processed material was well characterized
via various applied techniques such as XRD pattern was used to know
the crystalline character, phase and particle dimension, reveals that the
grown structure is crystalline in nature with free from any other impu-
rities. The morphology of the material was visualized from SEM, which
discloses that the prepared material look alike as a curved shaped
nanostructure of neodymium oxide with an average size of each particle
diameter 140-150 nm whereas the length ranges up to ~700 nm in size.
The elemental chemical composition was also confirmed from the SEM
equipped EDX, which express the % elemental ratios (oxygen (20.09%)
and neodymium (79.91%) in the prepared material. The morphology of
the material was further analysed from TEM and it shows that the ma-
terial seems to be a curved shaped nanostructure (Nd,O3) with an
average size (Diameter ~140 nm and length ~700 nm) and the ob-
tained data is in consistent with SEM observations. The functional group
characteristic were also express that the observed band at ~680 and
454 cm™! are clearly indicates the metal and oxygen bands of Nd,Os3
respectively, and found that the formed material is pure Nd2O3 without
any other impurities. In addition to these analysis, the UV-visible
spectroscopy data of the prepared material describes that the material is
optically active. The efficacy of the material in terms of biological study
was also tested against liver (HEPG2) and lung (A-549) cancer cells. The
morphological examination of cancer cells (HEPG2 & A-549) were
studied via simple microscopy, which reveals that Nd;Os express a
moderate and dose dependent effect on cancer cells. The viability of cells
was measured via MTT and NRU assays and their obtained results
clearly showed that the Nd2O3 express their moderate effect against
cancer cells as compared to other oxide materials. The unique structures
of (Nd203) exhibit the capability to enter easily in cells and damaged
their internal structures. The ROS production in cancer cells due to
Nd,O3 revealed that high intensity % ratio (166) was achieved with
maximum concentration of Nd2O3 with green fluorescence by DCF dye
with untreated control (100).

The current work provides a future prospective for the cancer cells
studies and description of cytotoxicity study of human cell lines with
rare earth elements (Nd>O3). The work will be useful to understand and
utilize the cheap and inexpensive nanostructures for the eradication of
cancer cells because till to date the surgery is option to control the
cancer cells which is the highly painful and costly for the deprived and
low income families.
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