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ABSTRACT

This study determined the surface morphological, structural, and biological
properties of the green synthesized Ce Nd O, .. nanostructures with
aim of exploration of its potential as a novel therapeutic agent for cancer
treatment. Observations showed a well-designed quasi-spherical sample
with an average particle size of 38.60 nm. XRD pattern revealed highly
crystalline in nature with a cubic crystal structure and a crystallite size
of 9.25 nm. EDX analysis showed the elemental composition with atomic
percentages of 41.17% for O, 31.69% for Nd, and 27.14% for Ce. Raman
spectrum demonstrated a prominent peak at 460 cm™ and a secondary
peak at 600 cm™, indicating the F2g symmetric breathing mode and
presence of oxygen vacancies. The biological properties of the samples
were studied using the MTT assay to evaluate cytotoxicity against A549
lung cancer cells. Six concentrations (6.25-200 pg/mL) were tested, with
significant reductions in cell viability observed at concentrations >12.5
ug/mL. The Ce Nd O, . nanostructures exhibited a dose-dependent
cytotoxic profile with an IC50 of approximately 100 pg/mL. Compared
to standard chemotherapies like cisplatin and pemetrexed, which
induced almost complete cell death at higher doses, the Ce Nd O,
nanostructures showed a more gradual and potentially less toxic impact
on cell viability. Fluorescence imaging corroborated these findings,
showing intense fluorescence in control cells and reduced fluorescence in
treated cells, indicative of metabolic disruption. Three different treatment
conditions demonstrated the nanostructure’s potential for targeted therapy
with lower toxicity. Overall, Ce Nd O, .. offers promising prospects
as a cancer therapeutic agent due to its unique structural attributes and
controlled biological interactions.
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INTRODUCTION

Rare earth elements are an excellent source synthesis methods and applications across various
of new materials because of their unique optical, industries. It also discusses nano-rare earth
electrical, and magnetic properties, which stem oxide composites, like Ce  Nd O,

from their unusual electronic configuration.
This article provides an introduction to rare

earth composites, along with a review of their advancements, waste = management,
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[1]. Oxide
materials have fascinated researchers in many
fields including medicine, energy, technological

environmental studies [2, 3]. Rare earth oxides
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(REOs) have many applications across biological,
sensor, electrical, optical, and other fields. Recent
advancements in the synthesis techniques have
demonstrated the versatility of nano-REOs in
various forms [4]. Beyond their current uses, some
nano-REOs have shown exciting properties that
lead to new applications in the future. An objective
evaluation includes a discussion of the limitations,
problems, and health issues related to the topic.
Protein-nanoparticle interaction substantially
impacts in vivo biocompatibility and toxicity.
In this process, proteins bind to nanoparticles,
enabling their entry into cells through receptor-
mediated endocytosis, which can lead to
cytotoxicity. Furthermore, unsuccessful tagging
and genotoxicity can occasionally occur due to
non-specific interactions that cause nanoparticles
to adhere to cell membranes, the extracellular
matrix, and cell nuclei. The biological performance
of nanoparticles as toxicity agent is significantly
influenced by their size, shape, surface charge,
and solubility [5]. Tetrazolium salts have been
extensively used in several experimental methods
over the years. Their uses include quantifying
oxidoreductase activity, identifying the subcellular
location of oxidoreductases, detecting superoxide
radicals, screening for Mycoplasma, and, most
critically, evaluating microbial survival and growth.
Inthelate 20thcenturyandearly 21st century, novel
procedures were developed that use the reduction
process of tetrazolium salts. The synthesis of new
compounds in this category, together with our
expanding comprehension of the processes behind
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Fig. 1. Schematic diagram of green synthesized Ce  Nd .0
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the reduction of tetrazolium salts, has markedly
expedited research in this domain [6]. Most of
the chemical reactants employed in bioassays are
tetrazolium salt derivatives, particularly the 3-(4,
5-dimethylthiazol-yl)-2, 5-diphenyl tetrazolium
bromide (MTT). MTT can be used on fungi,
bacteria, and even mammalian cell lines. It is
important to note that almost every component
of the assay settings varies significantly among
the reported procedures. This inconsistency is
particularly noteworthy when optimizing a novel
set of tests is required [7]. In this research, two
types of chemotherapy treatment—cisplatin and
pemetrexed— were used as a standard to evaluate
the experimental work. Chemotherapy has been
commonly acknowledged as therapeutic approach
in the treatment of lung cancer. It is considered as
most promising strategy for the ultimate control of
lung cancer, as radiotherapy and surgery often do
not provide a cure, especially in advanced stages
of the disease [8, 9].

MATERIALS AND METHODS

This study utilizes salts of rare earth elements
to prepare a Ce  Nd O, . sample. The salts
included (cerium (Ill) chloride heptahydrate) and
(neodymium chloride hexahydrate), which were
added in equal proportion to the distilled water,
and the solution was mixed for 15 min. Following
this, the plant extract was added, and the pH
value of the solution was adjusted accordingly.
The mixture underwent centrifugation three times
to separate the precipitate, which was then dried

calcination at 650
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at 50 °C. After drying, the precipitate was ground
and annealed at 600 °C. Composition tests were
performed to ensure the purity of the prepared
REO nanostructures. The experimental procedure
is illustrated in Fig. 1.

RESULTS AND DISCUSSION
XRD data

The crystal structure and phase purity of
resulting Ce  Nd O, . were investigated using
XRD (Rigaku, Japan) with a Cu-Ka radiation source
(A = 1.5406 A) in the 20 range from 10° to 90°.
The average crystallite size was determined using
Scherrer’s formula equal to 9.25 nm [10, 11].
As shown in the XRD pattern, the Ce  Nd .O, .
sample displayed distinct diffraction peaks in Fig.
2. The pattern shows several distinct peaks, with
Miller indices labeled as (111), (200), (202), (311),
(400), (313), and (422) for 28.05°, 32.30°, 46.63°,
55.66°, 67.88°, 76.41°, and 86.79°, respectively.
The highest intensity peak appears around 28-
30° with Miller index (111) show a significant
level of structural symmetry across extended
distances [12]. The synthesis methodology of the
nanocomposite was confirmed to be efficient
in developing highly ordered materials. In XRD
pattern, sharp, intense peaks were observed,
which confirmed that the sample was highly
crystalline in nature. From the diffraction pattern,
it was established that the sample had a cubic

120
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crystal structure. Single phase and no trace of
impurity is observed in the material, and the
pattern matches with JCPDS data file no. 96-154-
1467 [12]. This structural purity points favorable
synthesis conditions and evidence of phase
development [13].

Morphology

FESEM characterization of the Ce Nd O, .
samples was conducted at various magnifications
to examine its morphological features. Fig. 3 shows
fundamental characteristics of the synthesized
material, describing quasi-spherical nanoparticles
with a uniform size distribution averaging 38.60
nm. The nanostructure exhibits distinctive degrees
of agglomeration and surface topology of mixed
oxide systems. The observed agglomeration can
be attributed to two primary factors: Van der
Waals forces and surface energy minimization
following the Gibbs-Thomson effect. The
formation mechanism is evidenced by controlled
nucleation and growth kinetics during synthesis,
with Ostwald ripening playing a significant role
in determining the final particle size distribution
[14, 15]. The detailed examination include visible
interfaces, neck formation between particles,
and evidence of initial stage sintering [16]. The
structural characteristics of the Ce Nd .O, .
samples such as uniform particle distribution and
controlled size range create optimal conditions
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Fig. 2. XRD pattern of green synthesized Ce  ,Nd O, ,. nanostructures.
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for quantum confinement effects and enhanced
surface-dependent properties. This nanoscale
integration, combined with the observed interface
characteristics, indicates the successful synthesis
of a well-integrated system. These structural
features are particularly significant for potential
catalytic applications, where modified electronic
properties and enhanced surface activity are
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crucial performance parameters [17].

EDX analysis

EDX measurement was utilized to determine
the atomic, weight, and error percentage of the
existing elements. It provides an overall line of
the sample by studying near-surface elements and
estimating the elemental proportion at various
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Fig. 3. (a, b) FESEM images and (c) particle size distribution histogram of resulting Ce ,Nd
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sites [18, 19]. EDX analysis was conducted on the
Ce,.Nd .0, .. samples to investigate its elemental
composition and structural characteristics [20].
The EDX spectrum in Fig. 4 revealed distinctive
peaks corresponding to Cerium L-series (~4.8-
5.0 keV), Neodymium L-series (~0.8-1.0 keV),
and Oxygen K-series (~0.5 keV), confirming the
presence of all expected elements [21]. The
spectrum demonstrated excellent resolution
over the 0-10 keV range with a high signal-to-
noise ratio and minimal background interference,
indicating optimal data collection parameters
[22]. Strong peak intensities for Ce and Nd
confirmed their significant presence. The well-
calibrated energy scale, distinct peak separation,
and low background counts validated proper
sample preparation techniques and enabled
reliable quantitative analysis [23]. The absence
of unexpected elemental peaks, minimal baseline
noise, and correlation of peak positions with
theoretical values indicated high purity with low
contamination levels. This analysis demonstrated
the successful synthesis of the Ce  Nd .O, .

nanostructures with high purity, making it suitable
for various applications in materials science and
catalysis [24]. EDX data showed that Neodymium
element possess weight percentage of 41.17 wt.%
and an atomic percentage of 11.60 at.%, followed
by Oxygen at 31.69 wt.% with a dominant atomic
percentage of 80.52 at.%, while Cerium has the
lowest content of 27.14 wt.% with an atomic
percentage of 7.88 at.% .

Raman spectroscopy

The Raman spectrum of the Ce Nd .O, ..
nanostructures is shown in Fig. 5, which provide
valuable insights into structural properties. The
dominant peak observed at approximately 460
cm™ corresponds to the F2g symmetric breathing
mode of the Ce-08 vibrational unit, characteristic
of the fluorite structure of CeO, [25]. A secondary
peak around 600 cm™ (D band) indicates the
presence of oxygenvacancies, which areinduced by
the incorporation of Nd** ions into the CeO, lattice
[20]. The broadening of these peaks, combined
with their relative intensity ratios suggests the

cps/ev
6

b [wt.%] [wt.%] [at.%] [Wt.%]
1 Nd €0 L—series 18.44 41.17 11.60 0.65
1 0 8 K-series 14.19% 31.69 80.52 3.06
57 Ce 58 L-series 12.16 27.14 7.88 0.47
1 Total: 44.78 100.00 100.00

Fig. 4. EDX spectrum of green synthesized Ce ,Nd
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Fig. 5. Raman spectrum of resulting Ce  Nd O, .. samples.
(1) Cell seeding in well plate (2) MTT reagent addition (3 Incubation for 3-4 hours
%
(@) Colorimetric reaction to determine cell viability (5) Absorbance reading
N g " v ug —_—
w Mitochondrial N
reductase | ==7
1y X0
Formazan 7=

Fig. 6. MTT assay process used in calibrating measures of cell viability.
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successful formation of the nanocomposite
structure with good crystallinity [26]. The
slight shift observed in the F2g mode position,
compared to pure CeO,, provides evidence of
effective Nd** doping, while the presence of
additional weak bands in the higher wavenumber
region of 2000-2200 cm™ can be attributed to
second-order Raman scattering processes [27].
This spectroscopic analysis confirms the successful
synthesis of the Ce  Nd O, . nanocompounds
and offers valuable information about crystal
defects and lattice modifications [28, 29].

Cytotoxicity evaluation

The cytotoxicity tests of the Ce .Nd .O, .
nanostructures was accomplished by MTT assay
using a lung cancer Cell line (A549) within different
concentrations ranging from 6.25 to 200 pg/

mL. and comparing the results with two types of
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chemotherapy cancer drugs.

MTT assay principle

MTT assays are generally used to evaluate
viable cells in relatively high throughput (96-well
plates). Therefore, the common application is
assessing the anti-cytotoxicity of a large number
of medications at diverse concentrations [30].
The MTT test is predicated on the principle that
mitochondrial activity in most viable cells is stable;
hence, fluctuations in the number of viable cells
correspond directly to changes in mitochondrial
activity levels. The synthesis of formazan crystals
from the tetrazolium salt MTT give information on
the activity of the mitochondria of the cells [31].
Therefore, it becomes possible to count the viable
cells by calculating the formazan concentration on
the basis of the OD range and notice whether there
is an increase or decrease in the number of cells
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Fig. 7. The mechanism of metabolically active cells in converting yellow tetrazolium to purple formazan crystals [34].
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Fig. 8. The plots of cell viability vs. the concentration with the IC value for Ce  ,Nd O
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[32]. The MTT test may be used to evaluate drug
sensitivity in both primary cells and established
cell lines. Drug sensitivity measurements differ
between cell types in biomedical research. When
studying proliferating cell lines, researchers
determine the IC50 - the drug concentration that
cuts cell growth in half as compared to untreated
cells. This work show reduced number cells when
their growth is blocked. However, for primary
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Cell viability
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cells that don’t normally divide, we look instead
at cell death rates. Here, the LC50 tells us what
drug concentration kills 50% more cells than
would naturally die without treatment. This dual
approach helps to understand how drugs affect
both growing and stable cell populations in the
body.[33]. Fig. 6 shows the MTT assay steps and
Fig. 7 illustrates the formation of formazan crystals
from the tetrazolium salt MTT.
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Fig. 9. The plots of cell viability vs. the concentration with the IC value for cisplatin chemotherapy.
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Chemotherapy drugs and cell line

Cancer is a disease in which certain body cells
proliferate uncontrollably and spread to other
parts of the body. Lung cancer is one of the most
common diseases in economically developed
countries. Due to the population growth and a
decline in cleanliness standards, cancer rates are
continuously rising, particularly in developed
nations [35]. Chemotherapy also known as a
chemo is a cancer treatment that involves the
uncontrolled growth of damaged abnormal cells
[36]. However, these medications can also damage
or kill normal healthy cells. Chemotherapy is an
effective strategy to prolong the lives of individuals
with lung cancer, but a modest survival rate can
be achieved due to medication resistance and
insufficient bioavailability [37]. Nanomaterials
have been investigated as novel delivery systems
for cancer treatments, with the most common
chemotherapy drugs being cisplatin and
pemetrexed. Cisplatin is a platinum chemotherapy
used to treat various cancers [38, 39], while
pemetrexed disodium is a recently produced
antifolate that targets enzymes involved in
pyrimidine synthesis [40]. Research on resistance
mechanisms in cells with acquired resistance
suggests impaired membranes, decreased
polyglutamate, elevated enzymes, and structural
alterations. Less than 10% of patients with small
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cell lung cancer survive for more than two years,
despite being clinically sensitive to chemotherapy
[41]. This study examined the cytotoxic effect of
resulting Ce, ,Nd . O, .. samples on lung cancer
cells by synthesizing them from the rear earth
chlorides and plant extract. Cells found on the
lining of the bronchi and other lung components,
such as the bronchioles or alveoli, may be the first
site of lung cancer. As the second most common
disease in both men and women, lung cancer is
caused to cancer-related deaths [35]. According to
previous research, (A549) lung cancer cells and 9
x 10° cells/well were incubated for 48 and 72 h at
37 °C in 96-well plates that contained 200 uL of
supplemented cell culture medium [30]. Fig.s 8-10
show the cell viability and the concentration of
the Ce, Nd O, . samples and the chemotherapy
drugs for dual treatments, Statistical analysis was
used to investigate quantitative cell viability data.
If there was a normal distribution, a one-tailed
student’s t-test was used to compare the grouped
means; p values of less than .001 (***), 001 to .01
(**), and .01 to .05 (*) were deemed significant
[42]. This means that there is a 99.9% confidence
that the differences between these treatment
concentrations (200, 100, 50, 25, and 12.5 g/
mL) and the control group are not due to random
chance. You can see that the higher concentrations
(200, 100, 50, 25, and 12.5 pg/mL) show these

——Ce Nd O .
—s— Cisphtin

—h— pemetrexed
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Fig. 11. (a) The cell viability and concentration for the nanocomposite and the chemotherapy drugs during the
first treatment at 48 h, (b) the cell viability and concentration for the nanocomposite and the chemotherapy drugs
during the first treatment at 72 h.
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three stars, indicating they all produced highly
significant reductions in cell viability as compared
to the control. The absence of stars on the 6.25
pg/mL column suggests that this concentration
did not produce a statistically significant difference
from the control group.

Fig. 11 records cell viability across different
concentrations for 48 h and 72 h. The graph plots
include viability (y-axis, ranging from 0-120%)
against concentration (x-axis, ranging from
0-250 units). The green synthesized samples
and two different types of drugs are compared:”
Ce, Nd050175" (black line), “cisplatin” (red line),
and ‘pemetrexed” (blue line). The control point
starts at nearly 100% viability for all conditions
at zero concentration. As the concentration
increases, all three treatments show a declining
trend in cell viability, but with different patterns.
The black line (Ce .Nd O, ..) shows a more
gradualdecreasecompared tothe othertwo drugs,
maintaining higher viability levels throughout the
concentration range and reaching about 20%
viability at the highest concentration. In contrast,
both “cisplatin” and “pemetrexed” show a much
steeper initial decline, dropping to around 20-30%
viability in concentration of 50, and then leveling
off to nearly 0% viability at higher concentrations.
This suggests that “cisplatin” and “pemetrexed”
are more potent at reducing cell viability as

compared to “Ce  Nd O, " nanostructures. The
toxicity analysis of the cell viability graph reveals
distinct profiles for the Ce  Nd O, . samples and
the drugs tested. The ”cisplatln and “pemetrexed”
compounds demonstrate high toxicity levels,
reducing cell viability to approximately 20% at
relatively low concentrations (around 50 units),
with their IC50 values estimated around 40-60
concentration units. In contrast, “Ce Nd O, ."
exhibits a notably lower toxicity proﬁle requmng
much higher concentrations to achieve similar cell
death rates, with an IC50 of approximately 100
concentration units. The gradual decrease in cell
viability suggests a wider therapeutic window for
“Ce,,Nd .0, ..” comparedto the other treatments.
”Clsplatln appears to be the most toxic of all,
showing the sharpest initial decline in cell viability,
followed closely by “pemetrexed” with a similar
high-toxicity profile. The stark difference in toxicity
profiles between “Ce  Nd . O, " and the other
two compounds suggeststhatwhlle”cisplatin"and
“ pemetrexed “ are more potent, “Ce Nd O, "
might be more suitable for appllcatlons where
minimal cytotoxicity is crucial [43].

Fluorescence microscopy images of cellular
viability are shown in Fig. 12. In a control sample,
there is a higher density of bright blue-green
fluorescent  spots/dots representing viable,

metabolically active cells. The difference between

Fig. 12. Florescent images for (a) Ce, ,Nd O
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control and Ce  Nd O, . samples is the overall
intensity and distribution of the fluorescent
signals. In the control sample, the fluorescent spots
are more numerous, brighter, and more evenly
distributed across the field of view, indicating a
higher level of cellular activity and viability. In
contrast, the Ce Nd O, . samples showed a
sparser distribution of fluorescent signals, with
darker areas indicating reduced cell viability, likely
due to the cytotoxic effects of the treatments
being tested. The control sample represents
the baseline or normal level of cell viability. By
having a control, researchers can determine the
cell metabolism and survival treatment effects
as compared to the untreated, healthy cells. The
comparison between the control and treated
samples is crucial for evaluating the cytotoxicity
or cytoprotective properties of the compounds in
this cell-based assay.

CONCLUSION

Based on the comprehensive study of the
Ce,.Nd .0, ., this research presents a significant
advancement in cancer therapeutic approaches.
The Ce, Nd . O, . nanostructures demonstrated
remarkable structural characteristics, with a
crystallite size of 9.25 nm and a uniform quasi-
spherical morphology having an average particle
size of 38.60 nm. The cytotoxicity evaluation on
A549 lung cancer cell lines revealed a unique
cell death profile, with statistically significant cell
viability reductions at multiple concentration
levels. Notably, the Ce  Nd . O, . nanostructures
exhibited a more gradual and potentially less
toxic reduction in cell viability as compared to
traditional chemotherapy drugs like cisplatin and
pemetrexed, suggesting a promising alternative
in cancer treatment. Diverse analyses, including
XRD, FESEM, EDX and Raman spectroscopy
confirmed the material’s high purity and structural
integrity. With controlled cytotoxicity and
distinctive biological interactions, the synthesized
Ce,.Nd .0, . nanostructure represents a more
targeted and less harmful strategy for cancer
therapeutics, which opens new avenues for future
research and clinical applications in oncology.
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