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ABSTRACT: A mixture of three distinct cerium precursors
(Ce(NO3)3·6H2O, CeCl3·7H2O, and Ce(CH3COO)3·H2O) was
used to prepare cerium oxide nanoparticles (CeO2 NPs) in a
polyol-mediated synthesis. Different ratios of diethylene glycol
(DEG) and H2O were utilized in the synthesis. The properties of
the synthesized CeO2 NPs, such as structural and morphological
properties, were investigated to observe the effect of the mixed
cerium precursors. Crystallite sizes of 7−8 nm were obtained for all
samples, and all synthesized samples were confirmed to be in the
cubic phase. The average particle sizes of the spherical CeO2 were
between 9 and 13 nm. The successful synthesis of CeO2 can also be confirmed via the vibrational band of Ce−O from the FTIR.
Antidiabetic properties of the synthesized CeO2 NPs were investigated using α-glucosidase enzyme inhibition assay, and the
concentration of the synthesized CeO2 NPs was varied in the study. The biocompatibility properties of the synthesized CeO2 NPs
were investigated via cytotoxicity tests, and it was found that all synthesized materials showed no cytotoxic properties at lower
concentrations (62.5−125 μg/mL).

1. INTRODUCTION
Polyols such as ethylene glycol, diethylene glycol, triethylene
glycol, etc. have been used in the polyol-mediated synthesis of
metal nanoparticles (NPs), such as Co, Cu, and Pt, metal oxides
NPs, and metal ligands complexes.1 Generally, polyol can be
used as a solvent and a reducing agent. It can also attach to the
surface of formed nanomaterials and influence its particle size
and morphology.1 Moreover, due to the chelating properties of
polyols, which compensate for their lower polarity, the behavior
of metal salts in polyol and water is quite similar.2 Their low
toxicity and high biodegradability show that polyols can be
considered green solvents.2 Furthermore, additional benefits of
polyols include their scalability and application in continuous-
flow synthesis, the fact that the reductive properties of polyols
allow for the rapid formation of elemental metals, and the ease
with which polyols may be easily removed from the particle
surface following synthesis. All of these advantages make polyols
an attractive choice for a variety of applications.2

Among the rare earth metal oxides, cerium oxide (CeO2) has
attracted much attention.3,4 Owing to its redox capabilities
(Ce4+/Ce3+), it is classified as one of the most reactive rare earth
oxides, despite the fact that it is an n-type semiconductor with a
broad band gap (3.2 eV).5−7 CeO2 has been utilized for a wide
variety of applications, ranging from those connected to the
environment, energy, and biomedicine.8−12 CeO2 NPs, nano-
wires, and nanotubes have been synthesized by various methods,

for instance, solvothermal, spray pyrolysis, hydrothermal,
sonochemical reactions, and precipitation.13−16 Furthermore,
CeO2 has been synthesized using the polyol method; for
example, Cheng et al. reported on a polyol-mediated approach
to synthesize CeO2.

17 The authors used a solvothermal method
with a polyol/ethanol mixed solvent as the reaction medium.
The synthesized CeO2 showed wrinkled spherical morphology
with an average size of 2 μm. In another study, Xin et al. reported
on the synthesis of monodispersed CeO2-based quantum dots
(QDs) that were prepared by heating triethylene glycol and Ce
precursor salts together.18 The prepared CeO2-based QDs
possessed uniform particle sizes of less than 5 nm. In addition,
the function of counteranion in the precursors of metal salts has
not been subjected to significant research on nanomaterials. It
has been suggested that the anions might be selectively adsorbed
on the facets, which would affect the morphological and
structural characteristics of the synthesized materials.19,20
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CeO2 NPs have especially gained attention as they exhibit an
enormous range of applications in the biomedical area.10,21 So
far, biomedical studies on diagnosing and treating life-threat-
ening diseases using CeO2 have shown potentially good
performance.21 For instance, one study reported on the α-
glucosidase inhibitory activity using plant extract-mediated
CeO2.

22 The synthesized CeO2 successfully inhibited 31.28% of
the α-glucosidase enzyme. This shows that CeO2 has the
potential to inhibit the α-glucosidase enzyme, and its inhibition
can be achieved more by tuning the properties of CeO2 such as
their structure and morphology.23 Diabetes mellitus has been
recognized as one of the major life-threatening diseases in the
world. Increased blood glucose levels, which may result in
significant consequences such as cardiovascular disease,
nephropathy, and neuropathy, are a distinguishing feature of
diabetes mellitus type II (T2DM).24 One of the therapeutic
approaches to controlling postprandial hyperglycemia, which
refers to the abnormality of glucose homeostasis in T2DM, is by
hindering the digestion of dietary carbohydrates. Dietary
carbohydrates will be broken down by pancreatic α-amylase
into simple monosaccharides in the digestive system.25 This is
followed by the degradation of the monosaccharides to glucose
by α-glucosidase, in which glucose finally enters the bloodstream
by absorption.26,27 As a result, maintaining postprandial blood
glucose levels under control is essential, and this may be
accomplished by researching and developing novel therapeutic
drugs. It is important to note that inhibiting the digestive
enzyme α-glucosidase is beneficial in treating type II diabetes
because it delays glucose absorption in the small intestine and
enables a more regulated absorption.23

Our research team has just recently published a paper on the
synthesis of CeO2 NPs utilizing three distinct types of cerium
precursors, as well as an investigation into the α-glucosidase
inhibitory capabilities and cytotoxicity of the generated CeO2
NPs.28 Each CeO2 NP synthesized using Ce(NO3)3·6H2O,
CeCl3·7H2O, and Ce(CH3COO)3·H2O precursors showed
different properties, α-glucosidase inhibitory capabilities, and
cytotoxicity, suggesting there were some effects of different
cerium precursors.28 However, to the best of our knowledge,
there are no reports on the synthesis of CeO2 using a mixture of
different cerium precursors. Therefore, this study is an extension
of the recently reported work.28 This work reported on the
synthesis of CeO2 NPs using a mixture of different cerium
precursors, whereas in the previous work, the synthesis of CeO2
was carried out using different cerium precursors separately.
Aside from that, various proportions of diethylene glycol (DEG)
and water were used in the fabrication of the NPs. The impact of
mixed cerium precursors and varied DEG/H2O ratios on the
structural and morphological features of the synthesized CeO2
was examined in this study. In conclusion, the various produced
CeO2 NPs were assessed for their biological activities, namely,
their ability to inhibit the α-glucosidase enzyme and their
cytotoxic effects.

2. EXPERIMENTAL METHODS
2.1. Chemicals Used. For the synthesis of CeO2 NPs,

cerium(III) nitrate hexahydrate (Ce(NO3)3·6H2O, 99%),
cerium(III) chloride heptahydrate (CeCl3·7H2O, 99%), and
cerium acetate hydrate (Ce(CH3COO)3·H2O, 99%) were
obtained from Sigma-Aldrich. Commercial CeO2 (C-com)
used for comparison was obtained from Sigma-Aldrich.
Diethylene glycol (C4H10O3, 99%) as a solvent in the synthesis
was purchased from Alfa-Aesar. Double-distilled water that has

been purified (Aquatron, England) was used throughout the
experiment. α-Glucosidase (≥50 units/mg protein), 4-nitro-
phenyl α-D-glucopyranose (PNPG, C12H15NO8, 99%), acarbose
(C25H43NO18, ≥95%), sodium carbonate (Na2CO3, ≥99.5%),
sodium phosphate monobasic monohydrate (NaHPO4·H2O,
≥99%), and sodium phosphate dibasic heptahydrate
(Na2HPO4·7H2O) were all obtained from Sigma-Aldrich for
the α-glucosidase inhibitory study. RAW 264.7 cell lines (mouse
macrophage) were purchased from the American Type Culture
Collection (ATCC, Rockville, MD) for the cytotoxicity
investigation. Sigma-Aldrich supplied the cytotoxicity assays
penicillin, streptomycin, fetal bovine serum (FBS), dimethyl
sulfoxide, and MTT (3,4,5-dimethylthiazol-2-yl)-2−5-diphenyl
tetrazolium bromide.
2.2. Synthesis of CeO2 Nanoparticles. CeO2 NPs were

prepared via polyol-mediated synthesis by mixing three different
cerium precursors, namely, Ce(NO3)3·6H2O, CeCl3·7H2O, and
Ce(CH3COO)3·H2O, in a different DEG/H2O ratio solution. In
the synthesis, several ratios of DEG to H2O were used, including
0/25, 5/20, 10/15, 15/10, 20/5, and 25/0 mL, with a total
volume of 25 mL (Figure SI). Exactly 0.05 M of the cerium
precursor solution was prepared in which the three cerium
precursors were mixed in a way that one-third of 0.05 M of the
solution wasmade up of each cerium precursor. Themixture was
heated gradually to 80 °C after being stirred at room
temperature for 5 min. After that, 4 mL of a 1 M NaOH
solution was added slowly. The solution was heated to 100 °C
for 4 h while being agitated to encourage the formation of white
precipitates. The CeO2 precipitate took the form of a gel. The
product was then rinsed three times in water and centrifuged at
3500 rpm. Following final purification, the material was calcined
for 2 h at 600 °C before being milled into powder CeO2 NPs.
The DEG/H2O ratio, in this case, 0/25, 5/20, 10/15, 15/10,
20/5, and 25/0 mL, is represented by the CMx coding for this
batch of CeO2 (Table SI).
2.3. Instrumentations. X-ray diffraction (XRD) with Cu

Kα radiation (λ = 1.5418 Å) was used to identify the crystal
phase of CMx NPs by using Shimadzu XRD-7000. Vibrational
bands related to DEG and NP formation were identified using
FT-IR (Shimadzu IRPrestige-21 Fourier Transform Infrared
Spectrophotometer) at room temperature in the 400−4300
cm−1 range. Field emission transmission electron microscopy
(FE-TEM, JEM-F200, JEOL Ltd., Tokyo, Japan) was used to
examine the morphology and selected area electron diffraction
(SAED) of the CMx NPs. Kratos Analytical’s AXIS Nova was
used for the X-ray photoelectron spectroscopy (XPS) of CMx
NPs. AUV−vis spectrophotometer (ShimadzuUV 1900, Japan)
was used to evaluate the absorbance of the enzyme−substrate
solution for α-glucosidase inhibition activity. A microplate
reader (Gen 5TM ELISA Bio Tek, Winooski, VT) was used to
detect absorbance at 540 nm for the cell cytotoxicity
investigation.
2.4. Inhibition of α-Glucosidase Enzyme Activity. The

α-glucosidase inhibitory activity of CMx NPs was measured
using a conventional technique with minor modifications and
was tested in triplicates.29 In the experiment, a centrifuge tube
with a capacity of 1.5 mL was utilized, and varied quantities of
CMxNPs (0.5, 1.5, and 2.5 mg) were placed in the tube. Using a
vortex, 250 μL of 1 M phosphate buffer solution (PBS, pH 6.8)
was combined in the tube before 250 μL of 1.5 U/mL α-
glucosidase (enzyme). It was then incubated at 37 °C for 10min.
After incubation, 250 μL of 0.5 mM p-nitrophenyl-α-D-
glucopyranoside (PNPG, substrate) was added to the reaction
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solution. The mixture was then put back into the incubator for
an additional 30 min at 30 °C. After adding 1 mL of a sodium
carbonate solution with a concentration of 0.2 M to complete
the reaction, the mixture was centrifuged, and the absorbance of
the solution was determined at a wavelength of 405 nm.
2.5. Cytotoxicity Test. The MTT assay was used to

determine whether CMx NPs exhibited cytotoxicity in vitro
when tested against murine macrophage cell line RAW 264.7.
Themacrophage cells were grown inDulbecco’s minimal Eagle’s
medium, which also included 100 U/mL penicillin, 100 mg/mL
streptomycin, and 10% fetal bovine serum. The temperature was
maintained at 37 °C, and 5% of carbon dioxide was present in
the air. After the cells had been trypsinized, they were grown in
96-well plates and treated with various doses of CMx NPs for a
period of 24 h. To analyze the cytotoxicity study, the culture
media were changed out for a new medium that was freshly
prepared and included MTT at a concentration of 1 mg/mL.
This was followed by an incubation period of 4 h. After that, the
crystals of formazan in each well were dissolved by adding 100
μL of dimethyl sulfoxide. To get an accurate reading of the
absorbance, a microplate reader was used. The experiment was
carried out three times to ensure accuracy.

3. RESULTS AND DISCUSSION
A mixture of Ce(NO3)3·6H2O, CeCl3·7H2O, and Ce-
(CH3COO)3·H2O was used to produce CeO2 NPs using the
polyol synthesis technique, abbreviated as CMx. In this study,

codes CM1-CM6 indicate the amount of DEG used in the
synthesis (0, 5, 10, 15, 20, and 25 mL, respectively).
3.1. X-ray Diffraction Analysis. Figure 1a shows the XRD

patterns of cubic-phase CeO2, which confirms the successful
synthesis of CeO2 using a mixture of all three cerium precursors:
Ce(NO3)3·6H2O, CeCl3·7H2O, and Ce(CH3COO)3·H2O. As
the XRD patterns did not show any additional peaks, this
indicates that there were no contaminants or other phases of
CeO2 that developed. Therefore, the materials that were
synthesized are pure. In addition, the influence of the DEG/
H2O ratio on the structural characteristics of the CMx NPs may
be seen by predicting their average crystallite sizes using the
Debye−Scherrer formula. This allows one to see how the ratio
affects the NPs (1):30

D k / cos= (1)

where λ stands for the wavelength of the X-ray, θ denotes Bragg’s
angle, and β is the full width at half-maximum of the distinctive
peaks.

The average crystallite size from CM1 to CM6 was increased
slightly from 7.39 to 8.22 nm. However, CM4 shows a crystallite
size similar to CM1. Overall, this might suggest that a higher
amount of DEG NPs has an effect on the average crystallite size
of CeO2, and in the case of CM1 and CM4, the effect of 5 and 15
mL DEG is somewhat similar. Furthermore, the lattice
parameters of CMx NPs were observed to be similar, except
for CM4. The cell volume in the range of 152.36−160.01 Å3 was

Figure 1. (a) XRD patterns and (b, c) FTIR spectra of CMx NPs synthesized by using a mixture of three different cerium precursors.

Table 1. Calculated Crystallite Size as well as the Lattice Properties, Cell Volumes, and Peak Ratio of the CMx NPs

sample average crystallite size (nm) lattice parameter, (a, (Å)) volume (a3 (Å3)) ratio between 1st and 2nd peaks

CM1 7.39 5.371 154.94 3.63
CM2 7.05 5.390 156.59 3.98
CM4 7.39 5.341 152.36 4.23
CM6 8.22 5.429 160.01 4.12
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observed using different DEG/H2O ratios. The combined effect
of NO3

−, Cl−, andCH3COO− anionsmight not be seen from the
XRD, but the variation in the crystallite size that was observed
might be due to the amount of DEG used (Figure 1a and Table
1).

The effect of DEG on the crystallite size of the CMx NPs can
be seen in Figure 1a and Table 1. When 0 mL of DEG was used
to synthesize CM1, the crystallite size was about 7.39 nm.
However, as the amount of DEG increased, the crystallite size

increased slightly. It was found that the average crystallite size
increased with the addition of DEG. The oxygen groups in
diethylene glycol molecule might interact with Ce4+ ions to
mediate the synthesis of CMx NPs.31

3.2. Fourier Transform Infrared Spectroscopy. At room
temperature, FTIR analysis of CMx samples was carried out in
the 400−4300 cm−1 region. The FT-IR spectra of CeO2 in CMx
are shown in Figure 1b,c, respectively. In brief, the bands
correspond to C−O stretching at a frequency of 1100−1000

Figure 2. (a1-c1) TEM, (a2-c2) HRTEM, and (a3-c3) SAED pattern of (a) CM1, (b) CM4, and (c) CM6.
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cm−1, C−H bending at a frequency of 1350 cm−1, O−C�O
stretching at a frequency of 1600 cm−1, and O−H stretching at a
frequency of 3300 cm−1. It is interesting to note that increasing
the amount of DEG in the CeO2 NPs decreased the amount of
C−O stretching. In spite of the different DEG/H2O ratios, it was
discovered that the O−H stretching vibrations occurred at a
frequency of around 3390 cm−1 and that their intensities were
comparable. On the other hand, the C−H bending at a
frequency of around 1310 cm−1 became more pronounced; the
presence of acetate ions may have brought this on.32 It is
possible that nitrate residues are responsible for the peak that
appears between 800 and 900 cm−1 in some of the samples.32

3.3. Transmission ElectronMicroscopy. The influence of
a number of different ratios of DEG/H2O was detected in
relation to the size and shape of the CeO2 NPs. Figure 2 displays
the TEM of CeO2 that were produced by combining Ce(NO3)3·
6H2O, CeCl3·7H2O, and Ce(CH3COO)3·H2O. The TEM
picture of the CM1 NPs that were produced at a ratio of 0/25
mL of DEG/H2O is shown in Figure 2a1. CeO2 NPs that were
produced have a size distribution that is not uniform and are
averaged 13 nm in diameter. From the previous study, CeO2
NPs synthesized separately using Ce(NO3)3·6H2O, CeCl3·
7H2O, and Ce(CH3COO)3·H2O showed larger average particle
size, i.e., 28, 34, and 29 nm, respectively, at the same DEG/H2O
ratio.28 This shows that mixing the three distinct cerium
precursors might lead to a smaller particle size. As can be seen in
Figure 2a2, the d-spacing values of the lattice planes were
obtained using HR-TEM images. The d-spacing values are
predicted to be around 0.38, 0.23, and 0.19 nm which
correspond to the (111), (200), and (220) planes, respec-
tively.33 In addition, the diffraction pattern of CM1 NPs is
analyzed by selected area electron diffraction (SAED), which
reveals that the fluorite cubic CeO2 structure shows four wide
rings (Figure 2a3), which can be ascribed to the (111), (200),
(220), and (311) reflections. Figure SII provides a view of the
unprocessed photographs of the SAED patterns.

The spherical morphology became more significant with 15/
10 mL of DEG/H2O ratio, as shown by CM4NPs in Figure 2b1.
The average size of the particles was found to be 12 nm,
indicating that the particle size has been marginally reduced.
Figure 2b2 displays the HR-TEM images that were used to
determine the d-spacing values of the lattice planes. The values
were determined to be about 0.36, 0.22, and 0.19 nm correspond
to the (111), (200), and (220) planes, respectively.33 Moreover,
Figure 2b3 exhibits the SAED of CM4, which is attributed to the
(111), (200), (220), and (311) planes.

The TEM picture of CM6 is shown in Figure 2c1. The
morphology of the particles remained unchanged after treat-
ment with 100% DEG. In addition to this, the particle size was
seen to be somewhat reduced, coming in at around 9 nm. From
previous work, at the same DEG/H2O ratio, CeO2 NPs that
were synthesized using different Ce precursors, Ce(NO3)3·
6H2O, CeCl3·7H2O, and Ce(CH3COO)3·H2O, and showed
larger particle sizes at around 16, 28, and 20 nm, respectively.28

Therefore, it can be said that a mixture of cerium precursors
might reduce the particle size. The determination of the d-
spacing values of the lattice planes was done and found to be
around 0.36, 0.23, and 0.19 nm (Figure 2c2), which corresponds
to the (111), (200), and (220) planes, respectively.
Furthermore, the SAED displays four different rings (Figure
2c3), which are assigned to the (111), (200), (220), and (311)
planes.33 Therefore, the effect of a mixture of three different
precursors can be seen in the suppression of particle growth.
From CM1 to CM6, the particle size decreased only decreased
slightly. This might also be due to DEG acting as a capping agent
in the synthesis. DEG and the three cerium precursors greatly
control both the morphology and size.
3.4. X-ray Photoelectron Spectroscopy. Only two

samples, CM1 and CM6, were selected for XPS examination.
Figure 3 displays the XPS spectra of both CM1 and CM6,
respectively. As can be seen in Figure 3a, the survey scan reveals
the presence of Ce 3d, O 1s, and C 1s. Figure 3b depicts six
typical Ce 3d peaks in both CM1 andCM6. In the XPS spectrum

Figure 3. XPS spectra of CM1 and CM6 NPs: (a) Survey scan; (b) Ce 3d, (c) O 1s, and (d) C 1s.
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of CM1, Ce4+ 3d3/2 is responsible for the three peaks located at
the higher binding energy (898.72, 905.82, and 914.42 eV),
while Ce4+ 3d5/2 is responsible for the other three peaks located
at the lower binding energy (880.51, 886.82, and 898.09 eV).34

Similarly, the peaks for CM6 that are located at 898.50, 904.72,
and 914.22 eV are ascribed to Ce4+ 3d3/2, while the other three
peaks that are situated at 879.86, 886.39, and 895.89 eV are
attributable to Ce4+ 3d5/2.

The XPS spectra of O 1s can be shown in Figure 3c, and it can
be seen that both CM1 and CM6 display two asymmetrical
peaks. This indicates that there are OH−, O2−, and O− atoms
present on the surfaces of the nanostructures. It has been
observed that the peak with the greater binding energy is related
to O2− vacancies and adsorbed −OH, while the peak with the
lower binding energy is attributed to the metal−oxygen
binding.34,35 Figure 3d provides a representation of the C 1s
XPS spectrum, whichmay have been caused by the DEG coating
on the surface of CeO2. Because all of the DEG was used in the
synthesis of CM6, it has a higher carbon content. Table 2
contains information on the atomic concentrations of C 1s, O 1s,
and Ce 3d.

4. APPLICATIONS

4.1. INHIBITION OF α-GLUCOSIDASE ACTIVITY
The α-glucosidase inhibitory property of the CMx NPs was
investigated to establish whether CMx NPs could prevent the
enzyme α-glucosidase from performing its normal function. By
catalyzing the conversion of oligosaccharides and disaccharides
into monosaccharides, the α-glucosidase enzyme plays a role in
the metabolic process responsible for the breakdown of
carbohydrates.36 As a result, inhibiting the activity of α-
glucosidase might cause a delay in the digestion and absorption
of carbohydrates, which contributes to a decrease in blood
glucose levels.37 The potential of CMx NPs to suppress α-
glucosidase enzyme activity was evaluated using a dose range of
0.5 to 1.5 mg/mL of the compound. As a positive control,

acarbose was used, and the α-glucosidase inhibition employing
C-com was also evaluated and compared with that of artificially
produced CeO2.

Figure 4a depicts the α-glucosidase inhibition activity of the
CMx samples. The absorbance of the enzyme−substrate
solution was measured at 405 nm, and the α-glucosidase
inhibition activities in % were calculated using the equation
below (2):38

% inhibition
(Abs Abs )

Abs
100b s

b
= ×

(2)

where Absb represents the absorbance of the blank solution (one
that does not include any CeO2) and Abss represents the
absorbance of the final solution containing CeO2 NPs.

Based on the findings, C-com showed the lowest activity
compared with the synthesized materials. CM5 produced the
highest α-glucosidase inhibition activity at the highest
concentration (2.5 mg/mL), followed by CM6 and CM4. At
1.5 mg/mL, CM4 showed the highest % inhibition activity,
followed by CM5 and CM6 (Table SII). The behavior of these
materials might be due to the particle size and shapes possessed
by CM4, CM5, and CM6, i.e., spherical particles with particle
size between 9 and 13 nm, which might affect the active site of
the enzyme.23

At 0.5 mg/mL, CM1, CM2, CM3, CM4, CM5, and CM6
showed inhibition percentages of 39.92 ± 3.23, 38.73 ± 1.88,
35.78 ± 3.15, 39.70 ± 3.54, 38.08 ± 3.40, and 39.36 ± 3.79%,
respectively. The efficiency of inhibition activity of the samples
can be observed as such: CM1 > CM4 > CM6 > CM2 > CM5 >
CM3. However, at the highest dosage, i.e., 2.5 mg/mL, CM6
showed slightly better activity among the samples which was
then followed by CM5 and CM4, respectively. On the other
hand, CM2 and CM3 showed decreased α-glucosidase
inhibition activities at both 1.5 and 2.5 mg/mL. The optimum
concentration of the synthesized CeO2 NPs can be said to be at
0.5 mg/mL. It can also be said that CeO2 NPs synthesized using
more DEG showed better responses than the CeO2 NPs
synthesized with lower DEG.

In general, the enzymatic reaction that occurs by α-
glucosidase toward the PNPG substrate results in the formation
of an enzyme−substrate complex. This complex is responsible
for the breakdown of PNPG into more manageable molecules.
As a consequence of this, the amount of glucose in the blood will
rise. The presence of an inhibitor may stop the formation of a
complex between an enzyme and its substrate. Owing to their
size, shape, and crystalline structure, NPs have the ability to

Table 2. Atomic Concentration (%) of Ce 3d, O 1s, and C 1s
in CM1 and CM6

atomic concentration (%)

sample Ce 3d O 1s C 1s

CM1 21.2 60.6 18.2
CM6 23.6 47.8 28.6

Figure 4. (a) α-Glucosidase inhibition activity using all of the CMx samples and (b) cell viability (cell cytotoxicity) (%) of CM1, CM4, and CM6NPs.
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enter the active site of an enzyme, where they may then compete
with PNPG.23 Figure 4a shows that the proportion of α-
glucosidase inhibition for CMxNPs ranges between 30 and 40%.
On the other hand, CMx NPs have the potential to modify the
structure of the enzyme by attaching themselves to the active site
of the enzyme via noncovalent bonding. Because of this, the
development of an enzyme−substrate complex is prevented, and
as a result, α-glucosidase inhibitory activity may be shown.39,40

This could imply that CMx NPs are able to enter the active site
of the enzyme or might indicate that the NPs are able to change
the active site of the enzyme.

4.2. CYTOTOXICITY TEST
The MTT test was used to analyze the cytotoxicity of CMx NPs
on RAW 264.7 macrophages in order to determine the
biocompatibility of CeO2 NPs that were manufactured for use
in pharmaceutical applications. At concentrations of 62.5, 125,
250, and 500 μg/mL, none of the fabricated CeO2NPs exhibited
any cytotoxic effects that were harmful to the cells (Figure 4b).

CM1 showed 94.69 ± 6.00 and 96.06 ± 5.40 cell viability at
62.5 and 125 μg/mL, respectively, but the cell viability
decreased with increasing concentration, with about 85−75%
cell viability at 250−1000 μg/mL. At 2000 μg/mL, the cell
viability of CM1 was about 85.14 ± 4.51%, which is similar to its
cell viability at 250 μg/mL, which is 86.47 ± 7.96%. This shows
that increasing the concentration to more than 1000 μg/mL
would not result in lower cell viability, as observed at 250 and
2000 μg/mL. On the other hand, CM4 demonstrated lower cell
viability, which is 69.15 ± 4.34 and 61.93 ± 3.70% compared to
the other NPs at higher concentrations (1000 and 2000 μg/
mL), respectively. However, at the lower concentrations (62.5
and 125 μg/mL), CM4 showed higher cell viability than CM6,
in which it showed 93.49 ± 3.87% and 90.74 ± 2.76%,
respectively. This indicates that CM4 is not toxic to cells at low
concentrations. CM6 showed over 80% cell viability at the lower
concentrations (62.5−250 μg/mL), where the cell viability of
CM6 was higher than CM4 at 250 μg/mL. At higher CM6
concentrations (500−2000 μg/mL), the cell viability was about
65−70%. Based on the observation, at the three lowest
concentrations, i.e., 62.5−250 μg/mL, CM1 and CM6 showed
high cell viability, whereas, in the case of CM4, it showed high
cell viability at the two lowest concentrations only, i.e., 62.5 and
125 μg/mL. Overall, the results indicate that CM1 has shown
the highest cell viability.

From the previous work, CN1 which was synthesized using
Ce(NO3)3·6H2O and 0/25 (DEG/H2O) ratio showed the
highest cell viability at each concentration similar to CM1.28 On
the other hand, CC1 and CA1 which were prepared using
CeCl3·7H2O and Ce(CH3COO)3·H2O, respectively, with 0/25
(DEG/H2O) ratio showed the decrease in cell viability
especially at 2000 μg/mL. Individual CN1, CC1, and CA1
showed different cell viability in which when CeO2 NPs were
prepared by mixing three different precursors, it showed high
cell viability. This means that the toxicity of the samples can be
reduced by mixing Ce precursors.

The quantity of DEG used in the production of CeO2 may
have some bearing on the level of cytotoxicity shown by the
CMx NPs. It has been found that DEG is biocompatible and has
a low to moderate level of toxicity; however, the particle size and
shapes of the produced NPs also have a significant effect in the
level of cytotoxicity.2,41,42 According to the literature, the
toxicity rises as the particle size becomes smaller.43,44 As a result
of this finding, the study came to the conclusion that CM1 was

safe to use since it had an average particle size of 13 nm. As the
particle size was reduced in CM4 and CM6, there was an
accompanying increase in cytotoxicity. In addition, it has been
shown that the poisonous effects of CMx are proportional to the
concentration of the compound. On the other hand, it was found
that the impact of dose varied from case to case. Because cell
density influences the actual dosage of particles that are
delivered to each cell, this may also be the cause of the effect
that cell behavior has on cell density.41 This impact could be
easier to understand if the dosage was represented as a mass per
cell number (μg/106 cells). In order to objectively quantify the
particle−cell interaction and optimize dose compatibility, it is
essential to take note of themass of NPs as well as the quantity of
NPs that were disseminated to the cell medium.41

5. CONCLUSIONS
Through a process known as polyol-mediated synthesis, CeO2
NPs were produced by adjusting the ratio of diethylene glycol
(DEG) to water and with a combination of three distinct cerium
precursor salts. Variations in the DEG and H2O ratios used in
the synthesis were analyzed for their effects on the structural and
morphological characteristics of the CeO2 NPs that were
manufactured. The results of the XRD study indicated that the
typical size of a crystallite ranged from 7 to 8 nm. CeO2NPs with
a spherical shape were measured to have an average particle size
ranging from 9 to 13 nm. The use of FTIR allowed for the
investigation of the presence of DEGmolecules on the surface of
the newly produced CeO2 NPs. The α-glucosidase enzyme
inhibition test was used to assess whether the newly produced
CeO2 NPs have any antidiabetic characteristics. CeO2 NPs that
were manufactured with a larger quantity of DEG had an α-
glucosidase inhibition activity of around 40.0%. Furthermore,
increasing the sample dose did not have a significant impact on
the level of α-glucosidase inhibition activity shown by the CeO2
NPs. The cytotoxicity tests were used in order to evaluate the
biocompatibility qualities of the produced CeO2 NPs. The
results of these tests revealed that all of the synthesized materials
were nontoxic at lower concentrations ranging from 62.5 to 125
μg/mL. Hence, the synthesized CeO2 NPs are promising α-
glucosidase inhibitors with high biocompatibility.
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