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The current study was used to achieved the green synthesis of pure with different percentages of zirconium-doped cerium oxide
nanoparticles (Zr-doped CeO, NPs) using an aqueous plant extract of Sanvitalia procumbens. The synthesis of pure NPs was
achieved by mixing 30 mL of Ce (NO3);-6H,0 into 10 mL of plant extract and then adding ZrO (NOs),. xH,O into a reaction
mixture to synthesize Zr-doped CeO, NPs with the variation of x (x=5%, 10%, and 15%). The phytochemicals present in
Sanvitalia procumbens plant extract function as stabilizing and reducing agent which may have ability to synthesize pure and
Zr-doped CeO, NPs. The synthesized NPs were characterized by different analytical techniques, such as UV-visible (UV-Vis),
scanning electron microscopy (SEM), energy dispersive X-ray (EDX), Fourier transform infrared spectroscopy (FT-IR), and
powder X-ray diffraction (PXRD). The UV-Vis spectroscopy revealed that zirconium (Zr) was well doped in CeO, NPs with
a band gap energy of 4.07-4.56 eV. The SEM images demonstrate the irregular morphology with an average particle size range of
26.72, 24.37, 21.24, and 19.12nm for pure, 5%, 10%, and 15% Zr-doped CeO, NPs, respectively. The fundamental elemental
composition of Zr-doped CeO, NPs was ascertained by EDX analysis, whereas the PXRD patterns support the crystalline nature of
NPs. Furthermore, the synthesized pure and Zr-doped CeO, NPs were used to analyze the antiplatelet activity that showed
dose-dependent antiplatelet potentials. The results revealed that 15% Zr-doped CeO, NPs showed maximum antiplatelet activity
that was 84.24 s at concentrations of 100 yg/mL. Moreover, the IMR32 cell line was also studied to demonstrate the cytotoxicity of
pure and Zr-doped CeO, NPs. Accordingly, Zr-doped CeO, NPs exhibits higher cytotoxic effects against brain cancer in contrast
to undoped CeO, NPs. Thus, the obtained results suggest the potential use of Zr-doped CeO, NPs as an industrial application such
as in the development of antiplatelet and cytotoxic activity.
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1. Introduction

Cerium oxide nanoparticles (CeO, NPs) are considered as
oxide of a rare earth metal that have cubic fluorite crystal
structure and can exhibit different physical and chemical
properties [1]. Owing to its significant characteristics, CeO,
NPs have been used in different biomedical fields, including
sensors, solid oxide fuel cells, catalysts, sunscreen, potent
antioxidants, and antibacterial activities [2]. Furthermore,
the reactivity and stability of CeO, NPs increase by doping
with different metals such as, Ag, Sn, Zr, and Cu for different
medical fields. It has been observed that Zr-doped CeO, is
highly effective than other dopants [3]. Hence, the combi-
nation of Zr and cerium core metal oxide NPs (ZrO,/CeO,)
has high thermal stability, large surfaces, excellent oxygen
storage capability, and significant redox characteristics [4].
Furthermore, the inclusion of Zr ions into the crystal
structure of CeO, generates an alteration in the lattice
structure of the cubic fluorite and enhanced the number of
oxygen vacancy. The redox reaction permits the influx of
Ce®" and Ce*", which increase the rate of the catalytic re-
action and facilitate product desorption on the catalyst [5, 6].
The substantial effect on their efficiency and on size of the
NPs was observed when Zr ions are doped into high surface
area of CeO, NPs. Thus, the incorporation of Zr dopant is an
efficient procedure that enhanced the biological potential of
CeO, NPs. Moreover, different methods have been used to
synthesize CeO, NPs and Zr-doped CeO, NPs that include
the sol-gel method [7], hydrothermal method [8], co-
precipitation [9], and solid-state template method [10].
Majority of these physical and chemical methods require the
use of hazardous materials and high-reaction conditions that
are an expensive and complex for the synthesis of NPs which
may cause environmental contamination and chemical
toxicity. However, green synthesis includes actinomycetes,
bacteria, fungi, and algae which use dispersants and end-
capping agents that require high energy and may involve the
use of toxic and harmful reagents [11]. Therefore, the plant-
mediated green synthesis of CeO, NPs was demonstrated as
an environmentally safe, cost-effective, and nontoxic
method that minimized the band gap energy and improved
the characteristics of the final product of the reaction
mixture [12]. Recently, CeO, NPs were efficiently fabricated
by using an aqueous plant extract including Acalypha indica
[2], Olea europaea [13], and Jatropha curcas [14].

Thus, plant extracts have been successfully used in the
green synthesis of Zr-doped CeO, NPs and exhibit prom-
ising biological properties like antibiofilm, antibacterial, and
antioxidant activity [15]. CeO, NPs are distinct Ce'" sites
that are responsible for catalase mimetic oxidation of H,O,,
whereas the superoxide dismutase mimetics are considered
to be primarily responsible for the removal of ‘OH and O,~
through redox reactions. So, both ‘OH and O*" are directly
associated with inflammatory response and cell death
[16, 17]. Hence, the catalytic performance of CeO, NPs in
scavenging reactive oxygen species (ROS) generation is
influenced by the addition of Zr*" ions. Thus, Zr-doped
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CeO, NPs also exhibit antiplatelet and cytotoxic activities
that are indicated by their properties that can be altered by
doping of CeO, NPs. The demand for new drugs with potent
antiplatelet activity without negative side effects is increasing
due to the significant impact of platelets on hemostasis and
thrombosis. Although platelets are essential for numerous
physiological processes, their excessive activity can lead to
several health issues, including a risk of death from com-
plications in biological systems [18]. Heart failure has been
well-characterized in terms of platelet abnormalities. Both
acute and chronic stages of cardiovascular disorders are
influenced by the dysfunction of platelets. Thus, the use of
antiplatelet medications has become increasingly important
in combating various disorders affecting the cerebral, pe-
ripheral artery, and cardiovascular systems [19]. Blood
thinners such as heparin, aspirin, and many more are used to
treat such ailments, but synthetic medications may cause
certain unfavorable side effects [20]. Similarly, previous
research indicates that consuming aspirin at a dose of 0.4%-
35% fails to result in adequate antiplatelet activity and raises
the risk of cardiovascular illnesses [21]. So, medicinal plants
are rich in bioactive compounds that reduce platelet activity,
so it might be beneficial to prevent platelet aggregation.
Therefore, plant-mediated pure and Zr-doped CeO, NPs
synthesis remains one of the most potent alternatives for
therapeutic purposes and hence can be detected as a key
source for antiplatelet drug.

Furthermore, the CeO, NPs and Zr-doped CeO, NPs
synthesis was previously reported by using an aqueous extract
of different plants and was also reported for different bi-
ological activities [5, 6, 9]. Thus, there is no specific literature
available on green source synthesis of pure and Zr-doped
CeO, NPs utilizing Sanvitalia procumbens an aqueous plant
extract. So, this work reports green source fabrication of pure
with different percentage of Zr-doped CeO, NPs using plant
extract of Sanvitalia procumbens. The perpetual flowering
ornamental plant Sanvitalia procumbens is widely grown
around the world and belongs to the member of the Aster-
aceae (sunflower) family. The species Sanvitalia procumbens
are New World being limited in distribution to Arizona and
New Mexico in the north, western Texas in the east, Central
America in the south, and Mexico in the west. The foliar
teatures of Sanvitalia procumbens are extremely diverse that
are used for indigestion, dysentery, respiratory afflictions, and
diarrhea, and the leaf extract is used as an appetizer [22, 23].
Moreover, the plant extract contains essential phytochemi-
cals, including phenolics, terpenoids, proteins, galuteolin,
quercetin, 3, 5-O-caffeoylquinic acid, chlorogenic acid, and
alkamides. These phytochemicals may serve as reducing and
stabilizing agents for the synthesis of pure and Zr-doped CeO,
NPs [24]. In addition, the green synthesized pure, 5%, 10%,
and 15% Zr-doped CeO, NPs from Sanvitalia procumbens
plant extract were analyzed by different characterization
techniques including UV-visible (UV-Vis), Fourier transform
infrared spectroscopy (FT-IR), scanning electron microscopy
(SEM), powder X-ray diffraction (PXRD), and energy dis-
persive X-ray (EDX) analysis. Furthermore, the current study
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reports the MTT assay that is used for the first time to evaluate
the biological application in terms of their antiplatelet and
cytotoxic activities using green synthesized pure, 5%, 10%,
and 15% Zr-doped CeO, NPs.

2. Materials and Methods

2.1. Plant Extraction. The fresh plant Sanvitalia procumbens
was collected from KDA, Kohat, Pakistan. The plant as
a whole was washed off in water to eliminate the dust, then
rinsed in distilled water, and dried in the shade at room
temperature. After that, a mortar and pestle were used to
grind the dry plant into powder form. 10g of the plant
powder was mixed with 100 mL of distilled water in a conical
flask, and the mixture was constantly stirred at room
temperature on an orbital shaker for 72h. The Whatman
filter paper was used to filter the mixture. After that, the
plant extract was kept in the refrigerator for further analysis.

2.2. Green Synthesis of Pure and Zr-Doped CeO, NPs. In this
analysis, 30 mL of 0.5M solution of Ce (NO;)3.6H,0) was
mixed into 10 mL of an aqueous plant extract of Sanvitalia
procumbens that acts as a capping and reducing agent for the
synthesis of pure CeO, NPs. Then, the reaction solution was
agitated for 30min at 1300rpm to form a homogenous
mixture. The solution mixture was calcined at 500°C for 2 h.
A mortar and pestle were used to grind the obtained pure
NPs into its powder form. Furthermore, the synthesis of Zr-
doped CeO, NPs was achieved with the variation x (x=5%,
10%, and 15%) of ZrO (NOs),. xH,O (zirconium (IV)
oxynitrate hydrate, without further purification) solution. In
this analysis, Ce (NO3);-6H,0) was mixed into the solution
of ZrO (NO3),-xH,O) with a ratio of 1:10, 1:5, and 1:3v/v
yielding final solution of 5%, 10%, and 15% Zr-doped CeO,
NPs. After that, pH 8 was adjusted during the reaction and
the mixture was heated at 80°C for 5-6h to achieve the
optimal reaction temperature. Finally, a muffle furnace was
used for the calcination which took place at 450°C for 5 h.
The 5%, 10%, and 15% Zr-doped CeO, NPs were obtained in
a yellowish-white color, which were used for further char-
acterization and biological screening [25].

2.3. Characterization of Pure and Zr-Doped CeO, NPs

2.3.1. PXRD Analysis. The X-ray diffractometer (PAN an-
alytical X-Pert PRO) was run at 40 kV and 30 mA to analyze
the X-ray diffraction (PXRD) of all samples. A Cu-Ka ra-
diation at 1.54056 A was used to obtain the pattern. The
crystalline nature, crystallite size, and phase purity of the
NPs were assessed in 20°-70° at 20 range, at a scanning speed
of 2°/min.

2.3.2. FT-IR Analysis. The synthesis of pure and Zr-doped
CeO, NPs was achieved in the presence of phytoconstituents
that serve as reducing, stabilizing, and capping agents. The
phytoconstituents obtained in FT-IR analysis were exam-
ined using a KBr pellet system (Bruker, Alpha-II, Billerica,
MA, USA). The samples were analyzed using FT-IR with

resolutions of 4 cm™"' and wavenumber ranges between 4000
and 500 cm ™.

2.3.3. SEM Analysis. A SEM image (SEM-JEOL JSM 6390)
was used to determine the surface structure of pure and Zr-
doped CeO, NPs. The instrument was operated at 15kV
accelerating voltage to capture the SEM images.

2.3.4. EDX Analysis. The NPs were dried on a carbon-coated
copper grid for this investigation and were examined using
EDX before being put through a SEM with a thermos EDX
attachment.

2.3.5. UV-Vis Spectroscopy. The UV-Vis spectrophotometer
(Shimadzu-UV-1800) was commonly employed to examine
the reduction of cerium salt into CeO, NPs. The sample of
pure and Zr-doped CeO, NPs was analyzed with a UV-Vis
spectrophotometer, after being diluted with distilled water.
The distilled water was used to fill the quartz cuvette cell
which served as a standard for measuring the spectrum
wavelength at 200-700 nm scanning rate.

2.4. Cytotoxic Activity of Pure and Zr-Doped CeO, NPs.
The IMR32 cell line (ATCC Number: CCL-127) was used to
test the cytotoxicity of synthesized NPs using the MTT assay
by SCINOSOL Pvt Ltd [26]. The cytotoxic activity of the
synthesized NPs was revealed at different concentrations of
50, 100, 150, and 200 pg/mL. The drug doxorubicin (5 uL)
was used as a positive control, while cell culture media were
used as a negative control. The 96-well plate was first filled
with a cell suspension containing 10* cells per well and then
incubated for 24 h. The culture liquid was emptied from each
well of the 96-well plate once it had been confirmed that the
cells were sticking to the bottom of the plate. NPs were
injected into the appropriate wells at a volume of 100 uL.
After that, the plate was incubated at 37°C for 24 h with 5%
CO,. 10 yL of the MTT solution was added to each well of the
96-well plate, after removing the plate from the incubator.
So, the plate was then reincubated for another 4h. The
percentage of cell viability (survival) was then determined
after recoding the adsorption of each sample that was
measured using an ELISA reader at a wavelength of 490 nm
using the following equation:

(sample abs)

Cell Viability (%) = | 100 x (1)

(control abs) |

where the absorption of the test group is represented by
(sample abs), the absorption of the control group is denoted
by (control abs), and the cell viability is represented by (%).

2.5. Antiplatelet Activity. In order to prepare platelet-rich
plasma (PRP) and platelet-poor plasma (PPP) from human
blood cells, fresh humanoid plasma was collected for the
experiment. The concentrations of platelets in PRP was
adjusted with PPP to 3.1 x 10° platelets/m and sustained at
37°C for 2h due to the aggregation process. Different



concentrations (10, 30, 50, 70, and 100 yg/mL) for pure, 5%,
10%, and 15% Zr-doped CeO, NPs were preincubated with
human plasma (0.2 mL of citrated) in the presence of 10 mM
Tris HCI (20 uL) buffer pH (7.4/L minutes at 37°C) to find
out the plasma recalcification time (PRT). Once the mixture
had been previously incubated, 20 yuL of 0.25M CaCl, was
added, and the precipitation time was noted. A chrono-
logical dual channel was used to examine the platelet ag-
gregation of green synthesized pure and various percentages
of Zr-doped CeO, NPs. The reaction mixtures of pure and
Zr-doped CeO, NPs were preincubated with PRP aliquots at
various concentrations (10, 30, 50, 70, and 100 ug/mL),
respectively. Thereafter, the addition of ADP (agonist) was
to initiate the platelet aggregation independently and then
followed for 6 min. The study revealed that both pure and
Zr-doped CeO, NPs exhibited the platelet aggregation at
different concentrations [27].

2.6. Statistical Analysis. The mean standard deviation (n=3)
was used to calculate the experimental results. One-way
ANOVA GraphPad Prism version (10.0.1) was used to
calculate the statistical analysis. ANOVA Analysis of vari-
ance using Tukey’s HSD with significance of p <0.05.

3. Results and Discussion

The green synthesis is an environmentally friendly and cost-
effective method as compared to chemical method that di-
minishes the utilization of detrimental solvents and chemicals
that are health hazards and non-ecofriendly. Additionally,
green synthesis facilitates the use of free renewable resources
found in nature. Plants are frequently used in green synthesis
due to the availability of phytochemicals that function as
reducing and stabilizing agents. Therefore, the current study
was used to conduct the synthesis of NPs by using an aqueous
extract of plant Sanvitalia procumbens [14]. Hence, the green
fabricated pure and Zr-doped CeO, NPs via various per-
centages of dopant Zr (5%, 10%, and 15%) using plant extracts
of Sanvitalia procumbens are given below.

3.1. PXRD Pattern of Pure and Zr-Doped CeO, NPs. The
crystallinity of synthesized pure and Zr-doped CeO, NPs
was examined using PXRD analysis. Figure 1 shows the peak
diffraction of the PXRD patterns ranging from 20° to 70° at
20 degrees for pure and Zr-doped CeO, NPs. The synthe-
sized NPs indicate the structure of face-centered cubic by
peaks obtained at 20 of 28.21° (111), 33.01° (200), 47.30°
(220), 56.57° (311), 59.36° (222), and 69.06° (400), which were
corroborated from the standard card No. (JCPDS 00-004-
0593). The obtained PXRD pattern for pure and Zr-doped
CeO, NPs showed no additional peaks, showing that Zr**
ions can successfully substitute Ce*" in the CeO, lattice
because of the small change in their ionic radii (Ce** 0.97 A
and Zr** 0.84 A) [28]. Debye-Scherrer equation (2) was used
to determine the mean particle size in order to enhance the
effects of Zr dopant.
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FiGgure 1: PXRD patterns of synthesized pure and Zr-doped CeO,
NPs.
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where the particle size is represented by D, the symbol K
denotes a crystalline nature of dimensionless factor that was
usually 0.9, A is used to denote the X-ray wavelength, the
FWHM (full width at half maximum) of the samples was
expressed by f3, and the angle of diffraction is represented by
symbol 0. The mean particle size of each sample has been
calculated using Scherrer’s equation from the FWHM of the
peaks, which were indexed (111) at 28.21°. The mean particle
diameters were determined to be 5.77, 6.54, 7.18, and
5.14 nm for pure, 5%, 10%, and 15% Zr-doped CeO, NPs,
respectively. The result demonstrates that 15% Zr-doped
CeO, NPs revealed the smaller mean crystallite size in
comparison to pure and other doping NPs. Hence, there was
a small increase in the size of the NPs as well as the strength
of the diffraction peaks with increasing Zr dopant con-
centrations (from pure to 10% Zr-doped CeO, NPs). If
further increase the doping percentage of Zr, the average size
of Zr-doped CeO, NPs was the decreases (15% Zr-doped
CeO, NPs). The results revealed that the diffraction peak
intensity was slightly increased as compared to pure NPs
with increasing percentage of Zr dopant. Thus, the crys-
talline nature of CeO, NPs was improved with doping. The
average crystallite size was found to be changed as a result of
the Zr** ion substitution with respect to Ce** ion in the
CeO, NPs. The stoichiometry of the NPs may have been
altered by the Zr doping which introduces the crystal defects
that led to balance in charge. The concentration and mobility
of oxygen vacancies are enhanced to ensure charge neu-
trality, which modifies the characteristics of the NPs [29]. A
comparable investigation by Laguna et al. demonstrated that
the Zr dopant reduced average size of crystalline NPs [30].
Likewise, Kumar and Jaya reported that the addition of a tin
dopant reduced the crystallite size of synthesized ceria [31].
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3.2. FT-IR Analysis of Pure and Zr-Doped CeO, NPs. The
functional groups of organic molecules or phytochemicals
present in an aqueous plant extract that serve as oxidizing
and capping agents for the synthesis of NPs were identified
using FT-IR analysis. Figure 2 of the FT-IR analysis of the
Sanvitalia procumbens plant extract shows different bands
that are similar to those in our previously published articles
[32, 33]. The FT-IR spectrum of pure, 5%, 10%, and 15% Zr-
doped CeO, NPs revealed absorption band ranges between
400 and 4000 cm™' wavenumber as mentioned in Figure 2.
The strong vibrational peaks were detected in all samples at
a range of 3300 to 3200 cm ™', which resembles the -OH
group of stretching vibrational modes of the phenols and
alcohols. The broad peaks around 3300-3200cm™" in the
FT-IR spectrum may be caused by the intermolecular hy-
drogen bonds of the polyphenolic functional group [34]. The
FT-IR bands observed stretching vibration at
1600-1500 cm ™" that were caused by the C=0 functional
group of amides. However, it was observed that as the Zr
doping was increased, the peaks became more overlapping
and revealed less intensity absorption band. The IR band of
all spectra ranges at 1300 cm ™' was represented by stretching
rock mode for C-H group of organic molecules [35]. The C-
O band of the functional group of alcohol was responsible
for the peaks observed at 1100-1050 cm™'. The band of
absorption at 840 cm™" corresponds to the stretching vi-
bration of Ce-O and also for doped NPs that was used to
validate the synthesis of pure and Zr-doped CeO, NPs in all
synthesized samples [36]. The obtained results for pure and
Zr-doped CeO, NPs showed a shift in the peaks indicating
the existence of functional groups in the plant extract that
could be due to alkaloids, proteins, flavonoids, phenols, and
steroids present in the extract and are responsible for NP
synthesis. Similarly, the intensity of the absorption band
decreases and shifts toward the lower wavenumber by in-
creasing the percentage of Zr dopant [37]. There is no
specific literature available on synthesis of plant-mediated
doped and undoped CeO, NPs. However, the polyphenolic
chains present in Sanvitalia procumbens play a significant
role in the synthesis of the NPs. The phytoconstituents of
plant extract also correspond to the aromatic carbons along
with metabolites like proteins, flavonoids, and alkaloids that
surround the Ce** and Zr*" metal ions leading to the for-
mation of pure and Zr-doped CeO, NPs. Thus, the study
showed that plant extract contains essential phytocon-
stituents that may have ability to synthesize the stable
synthesis of doped and undoped metal oxide [36].

3.3. SEM Analysis of Pure and Zr-Doped CeO, NPs. SEM
images were used to examine the morphology of pure and
Zr-doped CeO2 NPs, as shown in Figure 3. The doping of Zr
ion into crystal lattice of CeO, NPs showed an impact on size
and morphology of synthesized NPs. The given SEM mi-
crograph revealed an irregular morphology of pure, 5%, 10%,
and 15% Zr-doped CeO, NPs. It has been demonstrated that
the phytochemicals that exist in plant extract of Sanvitalia
procumbens act as a stabilizing agent which can kinetically
influence the formation rate of surface metal oxide NPs [38].
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100-1050
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FiGUure 2: FT-IR spectrum of synthesized pure, Zr-doped CeO,
NPs, and aqueous plant extract.

Figure 3(A) shows the agglomerated irregular spheres in pure
NPs with size range of 26.72 nm, whereas the average particle
sizes of 5% Zr-doped CeO, NPs showed 24.37 nm that exhibit
blurry impression, which could be interpreted by the plant
compounds coated on exterior surfaces. The 10% and 15%
Zr-doped CeO, NPs revealed 21.24 and 19.12 nm particle size
with agglomerated and surface smooth morphology
(Figures 3(C) and 3(D)). The aggregation was observed in
SEM images, which could be due to the effect of steric as well
as attractive van der Waals forces that exist in synthesized
NPs. Hence, the small size NPs have a higher surface area-to-
volume ratio and stronger attractive forces and causes to
increasing an agglomeration. It has been noted that the av-
erage particle size was changed by the addition of Zr ion into
CeO, NPs. Thus, the results revealed that 5%, 10%, and 15%
Zr-doped CeO, NPs showed similar morphology to that of
pure CeO, NPs, but the size of NPs varies from one another.
This was because different crystallographic facets may interact
unevenly with a capping reagent or polymeric material,
resulting in an uneven rate of formation in all directions [39].
Similar results were obtained using previously reported
literature [28].

3.4. EDX Analysis of Pure and Zr-Doped CeO, NPs. The EDX
spectroscopic techniques were used to ascertain the fun-
damental chemistry of the synthesized NPs, as illustrated in
Figure 4. The study revealed that pure CeO, NPs and 5% Zr-
doped CeO, NPs contain strong signal of cerium (Ce) and
oxygen (O) indicating the essential elements that are present
in the structural composition of NPs. However, the spec-
troscopic analysis of 10%, and 15% Zr-doped CeO, NPs
exhibits the peak of Ce and O and Zr element which con-
firmed the successful incorporation of Zr ions into the CeO,
crystal structure by doping. The weight percentage of Ce and
O in pure NPs was 42.95% and 23.78%, respectively, whereas
the weight percentages of Ce and O were increased in 5% Zr-
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FiGure 3: SEM images of (A) pure, (B) 5% Zr-doped CeO, NPs, (C) 10% Zr-doped CeO, NPs, and (D) 15% Zr-doped CeO, NPs.

doped CeO, NPs that were 71.63% and 17.60%, respectively.
The 10% Zr-doped CeO, NPs showed 25.24%, 32.68%, and
13.72% for Ce, O, and Zr. Similarly, the weight percentage
for Ce, O, and Zr in 15% Zr-doped CeO, NPs was 12.25%,
34.19%, and 26.40%, respectively. The finding showed that
pure CeO, NPs exhibit a strong signal for Ce, indicating the
successful synthesis of NPs. However, the 5% Zr-doped
CeO, NPs exhibit strong Ce and O peak and did not
show any Zr peak indicating that the small percentage of Zr-
doped CeO, NPs or an uneven distribution of doped ele-
ments in the sample may cause the electron beam to fail to
interact with the doped regions, resulting in the absence of
Zr signals, whereas the 10% and 15% Zr-doped CeO, NPs
showed strong Zr signals indicating the doping of Zr into
CeO, NPs that reduces the signal of Ce and O in the EDX
analysis. The result indicates that weight percentage of Zr
ions into the CeO, NPs increases by increasing the per-
centage of Zr doping [28].

3.5. UV-Vis Analysis of Pure and Zr-Doped CeO, NPs.
UV-Vis spectroscopy was used to analyze the optical spectra
of pure and Zr-doped CeO, NPs. The absorption spectra of
UV-Vis for Zr-doped CeO, NPs at different percentages
(5%, 10%, and 15%) are illustrated in Figure 5. The Sanvitalia
procumbens plant extract did not show any obvious peak in

the visible region of UV-Vis spectrophotometer that is
similar to those of our previously published report [32].
However, a mixture of Ce(NO;);-6H,0) and plant extract
was used to validate the synthesis of CeO, NPs. The surface
plasmon resonance (SPR) peak becomes readily visible in an
aqueous colloidal solution due to the significant absorption
of optical spectra, which are mostly acquired at 305 nm for
pure NPs. Meanwhile, the absorption spectra of the
remaining Zr dopant exhibit at around 295, 286, and 272 nm
for 5%, 10%, and 15% of Zr-doped CeO, NPs, respectively.
The absorbance peaks of Zr-doped CeO, NPs were some-
what shifted toward the lower wavelength due to the in-
corporation of Zr doping. The incorporation of the smaller
Zr** jons (ionic radius of 0.84 A) into the lattice structure of
CeO, (ionic radius of Ce** is 0.97 A) results in formation of
oxygen vacancies and lattice distortion that leads to change
the electronic structure of CeO, NPs. This causes the blue
shift (lower wavelength) in UV-Vis absorption peak of Zr-
doped CeO, NPs. The blue shift observed in UV-Vis analysis
by Zr doping modifies the electronic structure and widens
the band gap energy of CeO, NPs. The band gap energy
Eg(D) for optical spectra can be measured by using the
following equation:

ahy = ED (hy - Eg)l/z, (3)
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FIGURE 4: EDX analysis for (a) pure, (b) 5% Zr-doped CeO, NPs, (c) 10% Zr-doped CeO, NPs, and (d) 15% Zr-doped CeO, NPs.

where hv is used to denote the photon energy, a symbol
represents the optical absorption coefficient, ED is used as
a constant, and Eg corresponds to the direct band gap
energy. The band gap energy obtained for pure, 5%, 10%,
and 15% Zr-doped CeO, NPs was corresponding to 4.07,
4.20, 4.43, and 4.56 eV, respectively. It was found that in-
creasing the percentage of dopant led to a slight increase in
the band gap energy of the Zr-doped CeO, NPs. This in-
dicates that the percentage of dopant depends on band gap
energy. However, the narrow band gap energy difference of
each of these NPs suggests that the NPs are capable of being
visible light active [40]. Furthermore, the particle size of

semiconductor NPs is inversely correlated with the band gap
energy that decreases by increasing the percentage of Zr
doping [41]. This relationship is due to the quantum con-
finement theory that supported the obtained size-dependent
band gap energy Eg(D) of synthesized NPs. The evidence
suggests that the potential barriers on the surface of the
quantum box confine the electrons in the conduction band
and the holes in the valence band. The electron and hole
confinement causes the increase in band gap energy between
the valence band and the conduction band with decreasing
particle size [38]. Thus, the anticipated outcomes correspond
with those of previously published literature [5].
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3.6. Biocompatibility Assessment

3.6.1. Cytotoxicity Results. The cytotoxic activity of the
synthesized NPs was assessed by using MTT assay on the
IMR32 cancer cell line. Figure 6 shows the cell viability of
extract, pure, 5%, 10%, and 15% Zr-doped CeO, NPs, which
revealed that the cell viability of synthesized NPs decreases
with increasing concentrations of NPs. Thus, the
concentration-dependent cytotoxic activity was obtained on
IMR32 cell line. The cytotoxic effects of 5%, 10%, and 15%
Zr-doped CeO, NPs were analyzed to demonstrate the

impact of cytotoxicity on cancerous cells which was more
significantly decreased in contrast to extract and undoped
CeO, NPs. It was observed that 15% Zr-doped CeO, NPs
induce 51.76% of cancer cell viability at 200 yg/mL con-
centrations. The findings show that 15% Zr-doped CeO, NPs
showed remarkable cytotoxic activity against cancer cells.
Thus, the findings demonstrate that significant cytotoxic
activity was observed at 200 ug/mL of Zr-doped CeO, NPs,
which displays greater inhibition of the proliferation of
cancer cells. This suggests that synthesized NPs may have
ability to induce the generation of ROS which improve the
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inhibition of tumor cells by damaging cellular components.
Moreover, the shape and size of Zr-doped CeO, NPs also
showed significant function in cytotoxic activity that triggers
the apoptosis in the cell lines [26]. The size obtained in 15%
Zr-doped CeO, NPs was very small which can easily enter
into the cancer cells. It disrupts the function of mitochondria
and DNA which leads to the death of cancer cells [42].
Moreover, the NPs also make it possible for ROS production
and can induce oxidative stress that have a significant impact
on the inhibition of tumor cell growth [43]. Similarly report
available on the cytotoxic activity of Zr-doped CeO, NPs
that showed more potent cytotoxic effects on various cancer
cell lines, such as HeLa, MCF-7, and A549 cells [44]. Another
study reports that 10% Zr-doped CeO, NPs demonstrated
higher cytotoxicity against HepG2 liver cancer cells. This is
because the Zr-doped CeO, NPs may have the ability to
enhance the generation ROS that causes the apoptosis and
cell cycle arrest in the cancer cells [28].

3.7. Biological Screening

3.7.1. Antiplatelet Activity. Platelets are important compo-
nents in the bloodstream that play a key function in blood
clotting during a wound or an injury in accident. In the
physiological impact, ADP acts as an agonist by binding site
to receptors on the platelet membrane, which requires
necessary modifications to confirm the aggregation in the
platelets. The presence of clotting characteristics in the area
of wounds was responsible for activated platelets that
showed a crucial function in the mesh development, which
prevents blood loss at the time of injury and other disorders.

However, hyper-initiation of platelets which have the
characteristic symptoms of thrombotic disorder caused
severe diseases. Therefore, an antagonist that stops agonists
from binding to the receptors on the surface of platelets may
be an advanced antiplatelet medication that prevents platelet
hyperactivation. The study investigated the antiplatelet ac-
tivity of green synthesized NPs, including pure, 5%, 10%,
and 15% Zr-doped CeO, NPs, against common ADP,
demonstrating both agonist and antagonistic properties.
Figure 7 illustrates how the ADP-induced platelet aggre-
gation was prevented by the green synthesized doped and
undoped CeO, NPs. The impact of pure, 5%, 10%, and 15%
Zr-doped CeO, NPs on the prevention of ADP-induced
aggregation of platelets is depicted in Figure 7(a). The
synthesized NPs inhibit the maximum platelet aggregation
to an extent of 27.12, 49.35, 57.21, 72.83, and 84.24s for
extract, pure, 5%, 10%, and 15% Zr-doped CeO, NPs at
concentrations of 100 ug/mL, respectively. According to
Figure 7(b), the effect of NPs (100 yug/mL) on platelet ag-
gregation was 29.04, 53.18, 62.25, 72.72, and 84.24s for
extract, pure, 5%, 10%, and 15% Zr-doped CeO, NPs, re-
spectively. The finding demonstrates that antiplatelet activity
of all samples extracts, pure, 5%, 10%, and 15% Zr-doped
CeO, NPs, showed significant results at 100 yg/mL con-
centrations, whereas the synthesized samples showed
slightly different results at concentrations lower than 100 ug/
mL. The obtained result suggests that antiplatelet activity
was enhanced with increasing concentrations of Zr doping
into CeO, NPs. The 5% and 10% Zr-doped CeO, NPs exhibit
moderate activity as compared to 15% Zr-doped CeO, NPs
that showed significant antiplatelet activity. Hence, the re-
sults conclude that doped NPs can be more active
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antiplatelet agents than undoped NPs to cure health-related
diseases [45]. The Zr-doped CeO, NPs play an important
role in antiplatelet therapy involving the binding of specific
agonists, such as ADP to the platelet surface, and appear as
a treatment for thrombosis under physiological conditions.
The platelet aggregation is ultimately caused by the acti-
vation of the ITb/IIla (GP IIb/IIIa) pathway of glycoprotein,
which is activated by the binding of ADP to the platelet. The
GP IIb/IIIa receptor binds to fibrinogen and aids in the
formation of platelet crosslinks that lead to platelet aggre-
gation. Thus, platelet aggregation and platelet plug forma-
tion take place. The uncontrolled platelet activation and
aggregation are key factors in thrombotic diseases [46]. The
study concludes that NPs can activate platelets through the
GP IIb/IIIa pathway, triggering the ADP-mediated receptor
activation and fibrinogen binding, thereby promoting
platelet crosslinking and thrombus formation. The result of
the antiplatelet activity was consistent to those of the pre-
viously reported literature [47].

4. Conclusion

The current study was based on an environmentally friendly
method used for the synthesis of pure, 5%, 10%, and 15% Zr-
doped CeO, NPs using plant extract of Sanvitalia pro-
cumbens. The synthesized NPs were characterized by dif-
ferent analytical techniques including UV-Vis, SEM, PXRD,
FT-IR, and EDX analysis. Furthermore, the synthesized NPs
exhibit potential antiplatelet activity which was enhanced
using Zr-doped CeO, NPs. The results show that Zr-doped
CeO, NPs effectively inhibit platelet aggregations and can be
more active against health disorders. The cytotoxicity of
synthesized NPs revealed that 15% Zr-doped CeO, NPs were
biologically compatible at concentrations of 200 ug/mL.
Thus, the future studies should be continued on synthesizing
CeO, NPs with different metal doping that has a higher
potential of platelet aggregation and inhibiting cancer cell
proliferation, suggesting potential applications in the
biomedical field.
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