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Abstract

Cerium oxide nanoparticles (CeO, NPs) were synthesized through chemical (co-precipitation method) (C-CeO,
NPs) and green synthetic route (A. indica leaf extract) (G-CeO, NPs) and comparative studies were also carried out
in the first time. From the XRD Pattern of C-CeO, and G-CeO, NPs revealed that both were in cubic phase. The
morphological and elemental compositions were identified by FESEM, TEM and EDAX spectra. The optical
characterizations were carried out using UV-Visible and Photoluminescence spectral analysis. Further the FT-IR and
FT-Raman analysis were also confirmed to formation of CeO, nanoparticles. The oxidation states of the elements
Ce (3d), C (1s) and O (1s) were confirmed by XPS studies. The green synthesized CeO, NPs possessed a higher
antibacterial activity than chemical CeO, NPs. The cytotoxic effect of C-CeO, and G-CeO, NPs were analyzed in

cultured (A549) human lung cancer cell line.
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Introduction

Cerium oxide is a semiconductor with wide band gap energy (3.19
eV) and large exciton binding energy. However, the CeO, NPs is used
in extensive applications such as sunscreens, solid electrolytes, solar
cells, fuel cells, phosphor/luminescence, photocatalysis, and sensors
and mainly in the biomedical industry due to their strong antioxidant
properties etc. These potential applications involve its potential redox
chemistry containing Ce**/Ce*" and the single useful absorption/
excitation energy bands associated with its electronic structure [1-3].

Ceria is the only compounds are the highly used rare earth
compounds possessing wide applications in industrial and commercial
products. It is also an excellent absorber of ultraviolet radiation and
can be used as an alternative for zinc oxide or titanium oxide
nanoparticles in cosmetics.

The green chemistry approaches to the development in
phytosynthesis of metal and metal oxide NPs. Green synthesis method
offers a plenty of advantages such as cost-effectiveness, large-scale
commercial production and pharmaceutical applications. The CeO,
NPs is a unique nanomaterial because it exhibit anti-inflammatory
properties. CeO, NPs possessing superoxide-dismutase like activity
prevent cardiovascular myopathy and provide radioprotection to
normal cells from radiation [4-7]. In literature, Reddy Yadav et al.
reported the watermelon juice extract mediated synthesis of CeO, NPs
are degrading the methylene blue dye at 98% for UV irradiations and
also studied the antibacterial activity against to bacterial strains K.
aerogenes and S. aureus [8], Arumugam et al. Gloriosa superba L. leaf
extract with CeO, were examined under Gram positive (G+) and
Gram negative (G-) bacteria and were relatively more susceptible to
the CeO, NPs than Gram negative (G-) bacteria [9].

Azadirachta indica, also known as Neem, Nimtree, and Indian
Lilac is a tree in the mahogany family Meliaceae. The neem trees have
been used in India for over two millennia for their medicinal
properties. Neem products are believed by Siddha and Ayurvedic
practitioners to be anthelmintic, antifungal, antidiabetic, antibacterial,
antiviral, contraceptive and sedative. This is a major source component
in Siddha, Ayurvedic and Unani medicines and is particularly
prescribed for skin diseases [10]. Neem oil is also used for healthy hair,
to improve liver function, detoxify the blood, and balance blood sugar
levels. The neem leaves have also been used to treat skin diseases
like eczema, psoriasis, etc.

Henceforth the present work, we synthesize CeO, NPs through
chemical pathway (co-precipitation method) and an environmentally
benign green pathway using A. indica leaf extract and characterize the
materials with suitable analytical tools. Further the efficiency of the
materials studied as a function of antibacterial and anticancer against
some G+ and G- staining bacteria and human lung cancer cell line
(A549) results were compared.

Materials and Methods

The materials used in this experiment are purchased from the merck
with high purity and used as such without further purification.

Chemical synthesis CeO, NPs

Cerium nitrate (0.1 M) and NaOH (0.8 M) were dissolved in 100 ml
of double distilled water separately. Then add sodium hydroxide
solution to cerium nitrate solution as drop by drop with constant
stirring. The resultant solution precipitated as violet in colour and the
stirring continued upto 5 h. Thereafter, the precipitate was washed
several times with double distilled water and followed by ethanol.
Finally, the precipitate was dried at 120°C and annealed at 400°C for 5
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h to get nanoflake structure. Thus, CeO, nanopowder was obtained
and labeled as C-CeO,.

Green synthesis CeO, NPs

The 10 g of finely divided leaves of Azadirachta indica were added to
100 mL of double distilled water and boiled at 50-60°C for 15 min. The
solution was filtered through Whatmann No. 1 filter paper and the
clear filtrate was collected and which was carry for further usage.
Thereafter, add certain quantity of 0.1 M solution of cerium nitrate to
100 mL of A. indica leaf extract with constant stirring at 80°C for 5 h.
Initially brown precipitate was formed and then it is become a
yellowish brown in color on continuous stirring. Further the
precipitate was washed with water and followed by ethanol. The
precipitate was annealed at 400°C for 5 h to get spherical NPs and
labeled as G-CeO,. The schematic diagram for the formation of CeO,
NPs using Azadirachta indicaleaf extract is shown in Figure 1.
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Figure 1: A schematic diagram for the formation of CeO, NPs using
Azadirachta indicaleaf extract.

Antibacterial assay

The antibacterial activity of the C-CeO, and G-CeO, NPs were
carried out by the well diffusion method against the bacterial strains of
(K. pneumonia (1), S. aureus (2), S. dysenteriae (3), E. coli (4), P
aeruginosa (5), S. pneumonia (6) and P, vulgaris (7)) on Mueller hinton
agar, according to the Clinical and Laboratory Standards Institute
(CLSI) [11]. The media plate’s Mueller hinton agar (MHA) was
streaked with bacteria 2-3 times by rotating the plate at 60° angles for
each streak to ensure the homogeneous distribution of the inoculums.
After inoculation, discs (6 mm Hi-Media) loaded 1.5 mg/ml and 1.75
mg/ml, of the test samples were placed on the bacteria-seeded well
plates using micropipettes. The plates were then incubated at 37°C for
24 h. The inhibition zone around the well was measured and recorded.
Amoxicillin (Hi-Media) was used as the positive controls against (K.
pneumonia (1), S. aureus (2), S. dysenteriae (3), E. coli (4), P
aeruginosa (5), S. pneumonia (6) and P vulgaris (7)) bacteria
respectively. The positive controls results were as compared to that of
the efficacy of the test C-CeO, and G-CeO, samples.

Cell culture

The A549 human lung cancer cell line was obtained from National
Center for Cell Science (NCCS), Pune, India. The cells were cultured in

DMEM high glucose medium (Sigma-Aldrich, USA), supplemented
with 10% fetal bovine serum (Gibco), and 20 mL of penicillin as
antibiotics (Gibco), in 96 well culture plates, at 37°C in a humidified
atmosphere of 5% CO, in a CO, incubator (Thermo scientific, USA).
All experiments were performed using cells from passage 15 or less.

Cell viability assay

The C-CeO, and G-CeO, NPs were suspended in dimethyl
sulfoxide (DMSO) to make a stock. These stock solutions were diluted
separately with media to get various concentrations of the complex.
Two hundred micro liters of these samples were added to wells
containing 5 x 10> A549 cells per well. DMSO solution was used as the
solvent control. After 24 h, 20 pl of 3-(4, 5-di-methylthiazol-2-yl)-2, 5-
diphenyl-2H-tetrazolium bromide MTT solution (5 mg/ml in PBS)
was added to each well and the plate was covered with aluminum foil
and incubated for 4 h at 37°C [12].

The purple formazan outcome was dismissed by adding 100 pl of
dimethyl sulfoxide to each well. The absorbance was recorded at 570
nm (measurement) and 630 nm (reference) using a 96-well plate
reader (Bio-Rad, iMark, USA). Data were possessed for three replicates
each and used to calculate the respective mean. The percentage
inhibition was calculated from the data using the formula:

mean OD of untreated cells (control ) —mean OD of treated cells 100
= X

mean OD ofuntreated cells (con trol )

Acridine orange (AO) and Ethidium bromide (EB) staining

Apoptotic morphology was investigated by AO/EB double staining
method as described by Spector et al. with some modifications [13].
Briefly, the cells treated with IC50 Concentration of C-CeO, and G-
CeO, for a day. After incubation, the cells were harvested and washed
with cold PBS. Cell pellets were diluted with PBS to a concentration of
5 x 10° cells/mL and mixed with 25 pl of AO/EB solution (3.8 uM of
AO and 2.5 uM of EB in PBS) on clean microscope slide and
immediately examined under fluorescent microscope (Carl Zeiss,
Axioscope 2 plus) with UV filter (450-490 nm).

Characterization techniques

The CeO, NPs were characterized by X-ray diffractometer (model:
X’PERT PRO PAN alytical). The diffraction patterns were recorded in
the range of 200-800 for the CeO, NPs samples, where the
monochromatic wavelength of 1.54 A was used. The XPS
measurements were performed with an XPS instrument (Carl Zeiss)
equipment. The spectra were at a pressure using an ultra high vacuum
with Al Ka excitation at 250 W.

The samples were analyzed by Field Emission Scanning Electron
Microscopy (Carl Zeiss Ultra 55 FESEM) with EDAX (model: Inca).
TEM analyses were carried out by the instrument Philips CM 200
model operated at an accelerating voltage of 20-200 kv Resolution: 2.4
A. The FT-IR spectra were recorded in the range of 400-4000 cm™ by
using a Perkin-Elmer spectrometer. The absorption spectra of CeO,
NPs were studied in the range between 200 and 800 nm by Lambda 35
spectrometer. Photoluminescence spectra were measured using Cary
Eclipse spectrometer.

J Nanosci Curr Res, an open access journal
ISSN:2572-0813

Volume 2 « Issue 1 « 1000111



Citation:

Parvathya and Venatramanb (2017) Invitro Antibacterial and Anticancer Potential of CeO, Nanoparticles Prepared by

Co-precipitation and Green Synthesis Method. J Nanosci Curr Res 2:111. DOI: 10.4172/2572-0813.1000111

Page 3 of 9

Results and Discussion

X-ray diffraction studies

The XRD patterns of C-CeO, and G-CeO, NPs are shown in Figure
2. The diffraction pattern corresponds to the cubic phase of CeO, [14].
The XRD peaks are located at angles (20) of (28.70, 33.01, 47.60, 56.04
and 76.87) and (28.53, 33.00, 47.51, 56.61 and 76.34) corresponding to
(111), (200), (220), (311), (222) and (331) planes of the both CeO, NPs
respectively. The face-center cubic phase of CeO, NPs exactly matches
JCPDS data card no: 34-0394. The G-CeO, NPs are more crystalline
nature as compared to C-CeO,. More crystallinity nature of G-CeO,
NPs is due to the presence of many organic components involved in
the NPs formation [15].

(111) —— Chem Ce0,

......... Green CeO,

Intensity (a.u.)

20 (degree)

Figure 2: X-ray powder diffraction patterns of the C-CeO, and G-
CeO, NPs. X-ray photoelectron spectroscopic studies.

The lattice constant @’ of CeO, can be calculated by using the
relation,

2
a

the relation a = \d>(h? + k% + 1%).

The calculated ‘@’ values are 5.3865A and 5.4108 A for C-CeO, and
G-CeO, NPs respectively. The unit cell volume can be calculated using
the relation; V= a3. The unit cell volume is found to be 156.288 A3 and
157.464 A3 for both CeO, NPs.

2 2,2
L= (M)The lattice constant @’ is obtained through

The average crystallite size D of the sample is calculated after
appropriate background corrections from X-ray line broadening of the
diffraction peaks using Debye-Scherrer's formula.

09 2
Bcos 6

Average crystallite size D =

where A is the wavelength of X-ray used (1.5405 A), B is the angular
peak width at half maximum in radians and 0 is the Bragg’s diffraction
angle. The average crystallite sizes are 11 nm and 8 nm for C-CeO, and
G-CeO, NPs respectively. From the above result revealed that the

green synthesized CeO, more easily reduced into NPs without much
effort and also it might be exhibit better antibacterial activity.

The XPS results show that the indexed peaks correspond to the C
(1s), O (1s), and Ce (3d) for CeO, NPs. The C (1s) signals are most
likely due to remaining trace amount of plant extract.

The Ce (3d) states divided into seven signals in the Gaussian fitting
are shown in Figure 3. Binding energy of C-CeO, and G-CeO, NPs has
seven bands (881.92, 886.19, 891.62, 902.59, 907.75, 910.91 and
919.26€eV) and (883.43, 890.07, 898.16, 901.27, 907.99 and 919.98 eV)
for Ce (3d) states respectively. The BE of Ce 3d state values are
observed at 898.16 eV for Ce4+ 3d5/2 and (919.26 and 919.98 eV) for
Ce4+ 3d3/2 for C-CeO, and G-CeO, NPs.

The oxidation state of Ce3+ 3d5/2 and Ce3+ 3d3/2 are specified at
(902.59 eV and 881.92 eV) and (901.27 eV and 883.43 eV) for both
CeO, NPs. Four additional satellite peaks are (886.19 eV and 891.62
eV) and (890.07 eV) for Ce3+ 3d5/2 and (907.75 eV and 910.91 eV)
and 907.99 eV for Ce3" 3d3/2 respectively. This satellite peaks are
shake-up and shake-down for Ce3+ 3d states [9,16]. Comparison of
chemical and green synthesized CeO, NPs binding energy and FWHM
values are given in Table 1.

Ity g
Intemsiiy )

Einding energy (a0

Binding snergy (¢V)

Figure 3: XPS spectra of the Ce (3d) of (a) C-CeO, NPs and (b) G-
CeO, NPs.

Chem-CeO, eV &I‘]ﬁ:l‘l;’lc)eoz Green-CeO, eV g:r\zzn“;l():eoz
881.92 1.66365 883.43684 3.54475
886.19 5.08273 - -

891.62 8.69749 890.07919 9.43212
898.16 8.69749 898.16628 1.26095
902.59 7.19858 901.27919 6.79635
907.75 4.35778 907.99918 6.18185
910.91 2.93668 - -

919.26 14.49466 919.98999 14.18896

Table 1: Comparison of chemical and green synthesized CeO, NPs
binding energy and FWHM values.

The C (1s) signal splits three symmetric peaks (284.01 eV, 285.24 eV
and 287.76 eV) (284.66 eV, 288.55 eV and 294.41 eV) for C-CeO, and
G-CeO, NPs in the Gaussian fitting are shown in Figure 4. The first C
1s signal center at 284.01 eV and 284.66 eV are ascribed to C-C state
for both CeO, NPs.
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The oxidized carbon peak is C-OH at 285.24 eV for CeO, NPs.
Finally O-C=0 peaks are observed at 287.76 eV and (288.55 eV and
294.41 eV) for C-CeO, and G-CeO, NPs respectively.

It crmity (i)

inding energy (64) Binding smergy (V')

Figure 4: XPS spectra of the C (1s) of (a) CeO, NPs and (b) GCeO,
NPs.

Figure 5 indicates an oxygen O (1s) asymmetric signals divided into
three and four symmetrical signals for C-CeO, and G-CeO, NPs. The
BE of O (1s) values are observed at (528.79 eV, 532.40 eV and 535.60
eV) and (529.25 eV, 531.35 eV, 534.58 eV and 538.86 eV) for both
CeO, NPs respectively.

The first O (1s) signal at 528.79 eV and 529.25 eV are attributed to
O,- ions surrounded by Ce** ions, which is corresponds to the Ce-O
bond in CeO, NPs. The second O (1s) signals center at 532.40 eV and
531.35 eV can be ascribed to the O,- ions in the Ce-O bonds and it is
due to the Ce3+ ion state in C-CeO, and G-CeO, NPs. Third O (1s)
signals located at 535.47 eV and (534.58 eV and 538.86 eV) are not
related to the presence of either Ce** or Ce**. This is due to the OH on
the surface of the CeO, NPs.

Transmission electron microscopic studies

TEM morphology of C-CeO, and G-CeO, NPs are shown in Figure
7. Figures 7a and 7b shows that the C-CeO, NPs are uniformly
ascribed nanoflake morphology. Figures 7d and 7e are attributed to G-
CeO, NPs in the uniform spherical shape morphology with well-
organized crystalinity. Further, the TEM micrographs clearly show that
both the particles are uniformly distributed with average size range
between 5-6 nm.

21886 eV

| 3
s .
z =
B -
z H

Binding energy (a.n) Binding mergy (V)

Figure 5: XPS spectra of the O (1s) of (a) C-CeO, NPs and (b) G-
CeO, NPs.

FESEM analysis

The surface morphology of C-CeO, and G-CeO, NPs are shown in
Figure 6. The entire FESEM image clearly shows that the average sizes
of the NPs are in nanometer scale. The C-CeO, NPs are formed nano
flake like structure Figure 6.

Thickness of the flake is 5-6 nm. However, CeO, using A. indicaleaf
extract NPs are formed spherical structure with even grain boundaries
formed.

Figure 6: FESEM image of low and high magnification of the (a-b)
C-CeO, NPs and (c-d) G-CeO, NPs.

The SAED patterns are also evidenced with the above illustrations
which are shown in Figures 7c and 7f. The reflection peaks are (1 1 1),
(200),(220),(311),(222),(400), (33 1) and (4 2 0) of face center
cubic structure of CeO, NPs. From the SAED pattern spotty rings
shows small polycrystalline nature is observed for C-CeO, NPs and
good crystalline nature are observed for Green synthesized CeO, NPs
and this is good agreement with XRD result.

Figure 7: TEM images at different magnifications (a-b) C-CeO,
NPs, (c) SAED pattern of C-CeO, NPs, (d-e) G-CeO, NPs and (f)
SAED pattern of G-CeO, NPs.

EDX analysis

In order to find out the elemental composition of the C-CeO, and
G-CeO, NPs, EDX spectra recorded which are shown in Figure 8. The
EDX Spectra (Figure 8a) clearly indicated that only Ce and O were
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composed in the weight percentage of 60 and 40% for C-CeO, NPs.
The EDX spectra of G-CeO, NPs are composed of Ce and O in
addition to C, which is from plant extract. The elemental composition
of Ce, O and C are 15.82%, 64.03% and 20.15% respectively.

Atomic %a

I 4« & & W J
Fl Scals B55 cts Curgar: 1634 {14 cir) |

Figure 8: EDAX spectra of the (a) C-CeO, and (b) G-CeO, NPs.

FT-IR spectroscopic analysis

The FTIR spectra of C-CeO, and G-CeO, NPs are shown in Figure
9. In literature, the broad absorption in the frequency band 3750-3000
cm! are assigned to O-H stretching from residual alcohols, water and
Ce-OH [9]. From the FTIR result, the absorption peaks at 3404 and
3389 cm! are attributed to the O-H mode for C-CeO, and G-CeO,
NPs respectively.

The peaks at 2860 and 2950 cm! are due to symmetric and
asymmetric stretching of C-H bonds [17]. However, symmetric and
asymmetric C-H stretching bands observed at 2855 cm™! and 2925
cm! for both CeO, NPs. The absorption bands are caused by the
vibration in CO;, between 400 and 1800 cni'on the metallic cation
groups.

In FT-IR result, C=O peaks found at 1703 and 1707 cm’! for C-
CeO, and G-CeO, NPs respectively. The band at 1620 and 1603 cm™!
corresponds to the bending of H-O-H, which is partly overlapping the
O-C-O stretching bands for C-CeO, and G-CeO, NPs respectively.
The C=O stretching observed at (1545 and 1384 cm™!) and (1505 and
1384 cm’!) for both CeO, NPs. In the present work, the Ce-O
stretching vibration are observed at (960 and 982 cm'!), (854 and 840
cm), (724 and 702 cm™), (494 and 537 cm™!) and (411 and 429 cm™)
for C-CeO, and G-CeO, NPs respectively.

Raman spectroscopic analysis

Raman is a common vibrational spectroscopic technique for
evaluating the molecular motion of the materials and providing
information about the structure and symmetry of the molecule. The
Raman spectra of C-CeO, and G-CeO, NPs are shown in Figure 10. In
early literature, Raman active triply degenerated 2 modes are observed

at 458, 462 and 467 cm’! for SDS, PEG, and CTAB coated CeO,
samples [18].

| Chem Ceoy, |
Greea Oel)

Trarammitlanee

Chem CeO,
Green CeO,

Intensity (cpu)

Wavenumber (cm ™)

Figure 10: Raman spectra of the C-CeO, and G-CeO,.

Absorption

00 0 s00 0 00 s00
Wavelength (nm)

Figure 11: UV-visible spectra of the C-CeO, and G-CeO, NPs.

In present work, the C-CeO, and G-CeO, NPs are located at 459
and 462 cm’l, this is due to the triply degenerate F2g Raman active
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mode of fluorite-type cubic structure i.e., asymmetric breathing mode
of the oxygen atoms around the cerium ions [19,20].

UV-Vis spectroscopy studies

The UV-Vis optical absorption spectra of C-CeO, and G-CeO, NPs
are shown in Figure 11. The absorption peaks are found at 322 nm and
314 nm for C-CeO, and G-CeO, NPs respectively, and it is due to the
photo excitation of electrons from the valence band to the conduction
band.

The G-CeO, NPs wavelength is decreased as compared to the C-
CeO, NPs wavelength. This indicates that the band gaps of G-CeO,
NPs are increased with the A. indica leaf extract capped with CeO,
NPs.

The relation between the absorption coefficients o and the incident
photon energy hv can be written as

ahv = A(hz)ng)” Where Eg is the optical bandgap, A is the

constant and the exponent n depends on the type of transition. The n =
1/2 for allowed direct transition, 2 for allowed indirect transition 3/2
and 3 for forbidden direct and indirect transitions respectively.

Considering direct and indirect band transition in CeO, NPs, a plot
between (ahv)2 vs. photon energy hv and extrapolating the linear
portion of the absorption edge to find the intercept with energy axis
are shown in Figure 12. The estimated direct and indirect band gaps of
the C-CeO, and G-CeO, NPs samples are observed at (2.4 eV and 2.8
eV) and (2.45 eV and 2.95 eV) respectively.

The many organic components are capped with forming the G-
CeO, NPs and these organic components capping increases the band
gap, this may be increase in the optical band gap for G-CeO, NPs. The
quantum confinement effect is considered and when the particle is
down to a few nanometers [21].

Since the fundamental band gap is mainly deduced by quantum size
effect and when the particle size is equal to 3-5 nm. The quantum size
effect in the present CeO, NPs with particle size of 5 nm may be ruled
out and the charge transition of Ce ion (Ce>*-Ce**) may play an
important role for the increase in the band gap of present CeO, NPs
using A. indicaleaf extract.

Photoluminescence spectroscopic studies

The photoluminescence spectra of the synthesized C-CeO, and G-
CeO, NPs were recorded with the excited wavelength of 325 nm. The
PL emission peaks are observed for C-CeO, and G-CeO, NPs, from
the very short wavelength of 350 nm to the longer wavelength of 550
nm.

A good fit with eight peaks using a Gaussian function was obtained.
The PL spectra of the C-CeO, and G-CeO, samples values are (360,
376, 389, 411, 444, 460, 490, and 521 nm) and (361, 378, 391, 412, 444,
460, 490, and 522 nm) are shown in Figure 13.

The three near band edge emission are observed at (360 nm, 376 nm
and 389 nm) and (361 nm, 378 nm and 391 nm) for C-CeO, and G-
CeO, NPs respectively, this NBE emission is attributed to a band-to-
band recombination process, possibly involving localized or free
exciton [22]. The violet emission band centered at 411 nm and 412 nm
for both CeO, NPs are attributed to defect states existing extensively
between the Ce 4f state and O 2p valence band [23].

== Dirvct band gag af Greem Ce0,

~Cr= Disest band pap of Chem CeD), )
= Cr= Indirect band gap of Green Cod

O= Indireet band gap of Chem Col),

o) ’
Tasel R
T T

T T T
v B 2% 20 i & s
Fhaten Enerer (s}

Figure 12: Photon energy level direct and indirect band gap of (a)
C-Ce0; and (b) G-CeO, NPs.

The two blue emissions values are observed at 444 nm and 460 nm
for C-CeO, and G-CeO, NPs and this is due to localization of the
energy levels between the Ce 4f band and the O 2p. The blue-green
emission located at 490 nm is possibly due to surface defects in the C-
CeO; and G-CeO, NPs respectively [9,24]. The green emission peaks
observed at 521 nm and 522 nm are due to the low density of oxygen
vacancies.

In PL spectra, red shift observed for G-CeO, NPs emission values as
compared to that of the CeO, NPs emission values. This is due to the
formation of more organic impurity levels.

The defect state is localized in between the Ce 4f and O 2p levels,
leading to a red shift. These changes in the emissions are confirmed
that the A. indicaleaf extract reduced to forming the CeO, NPs.
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Figure 13: Photoluminescence emission spectra of the (a) C-CeO,
and (b) G-CeO, NPs.

Antibacterial studies

In the present work, C-CeO, and G-CeO, NPs are tested against
Gram-positive bacteria (8. aureus and S. pneumoniae) and Gram-
negative bacteria (E. coli, P aeruginosa, P. vulgaris, K. pneumonia and
S. dysenteriae) studied well diffusion method are shown in Figure 14.
Figure 15 shows the size of the zone of inhibition and antibacterial
activity formed around each well concentration (1.5 mg/ml and 1.75
mg/ml) of C-CeO, and G-CeO, NPs loaded with test samples.

The inhibition zone of G-CeO, NPs possesses more antibacterial
activity than C-CeO, NPs. The antibacterial activity of NPs may either
directly interact with the microbial cells or to produce secondary
products that cause damage. There are several mechanisms behind the
antibacterial activity of metal oxide nano materials.
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Figure 14: The progressive antibacterial activity of the C-CeO, and
G-CeO, NPs against Gram-positive (S. aureus (2) and S.
pneumonia (6)) and Gram-negative (E. coli (4), P aeruginosa (5), P
vulgaris (7), K. pneumonia (1) and S. dysenteriae (3)).
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Figure 15: The size of the zone of inhibition formed around each
disc, loaded with test samples, indicating the antibacterial activity
towards Gram-positive (S. aureus (2) and S. pneumonia (6)) and
Gram-negative (E. coli (4), R aeruginosa (5), P vulgaris (7), K.
pneumonia (1) and S. dysenteriae (3)) for the (C-CeO2 and G-
CeO2 NPs).

The antibacterial mechanism, the CeO, NPs can be active by UV
light, to increase electron-hole pairs.

These holes split the H,O molecule from the suspension of CeO,
into hydroxyl radical (OH") and hydrogen ion (H*). Dissolved oxygen
molecules are converted to superoxide radical anions (O,") which react
with hydrogen ion (H*) to produce HO, radical.

These hydroxyl radicals on collision with electrons produce
hydrogen peroxide. HO,- anions which are react with hydrogen to
produce H,O, molecules. The generated H,O, molecules can penetrate
the cell membrane and arrest the biological process in the bacteria.

The negatively charged particles of hydroxyl radicals OH and O,
super oxide radical anions cannot penetrate into the cell membrane
and must remain in contact with the outer surface of the bacteria
[24,25]. But the active anionic molecules are effective toxic to bacterial
substance. In addition, the damage of cell membrane might directly
lead to the leakage of minerals, proteins and genetic materials causing
ultimate cell death [26,27].

The mechanism involved in the generation of reactive oxygen
species from C-CeO, and G-CeO, nanoparticles induced by UV light
are shown in Figure 16.
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Figure 16: The mechanism involving in the generation of reactive
oxygen species from C-CeO, and G-CeO, NPs induced by UV
light.

Ce0, + hvCeO, (¢} + CeO, (h'), CeO,(h") + H,0Ce0, + OH + H',
Ce0, (1) + OHCeO, + OH, Ce0, (') + 0,Ce0,+ 0,0, + H'HO, and

2HO, 0’ + H,0,

The smaller sized NPs indeed have higher antibacterial activity [28].
From the XRD patterns, the particle size of C-CeO, and G-CeO, are
found to be 11 nm and 8 nm respectively. The particle size of G-CeO,
NPs is decreased as compared to that of the C-CeO, NPs, smaller size
can easily penetrate into bacterial membranes due to their large
interfacial area, thus enhancing their antibacterial efficiency. During
the generation of ROS, the unsaturated fatty acids in the cell
membrane will be oxidized by "OH group, and affect the fluidity of cell
membranes. Consequently decreased the thickness of bacteria cell wall
and caused to bacteria death.

From the UV-Vis studies, the band gaps are observed at 2.8 eV and
2.95 eV for C-CeO, and G-CeO, NPs. The band gap of G-CeO, NPs is
increased as compared to that of the C-CeO, NPs. The increasing rent
of band gap G-CeO, NPs, it is due to NPs interaction with thiol groups
in proteins, resulting in inactivation of respiratory enzymes and
leading to the production of more reactive oxygen species (ROS). This
band gap behavior of CeO, NPs played a major role in the ROS
mediated toxicity, which suggested that the A. indica leaf extract
stimulated a large amount of oxygen atoms to be adsorbed onto CeO,
surface. Generation of more ROS in the suspension result in intense
oxidative stress towards the bacteria and this reason is enhancing the
antibacterial response for G-CeO, NPs.

J Nanosci Curr Res» an open access journal
ISSN:2572-0813

Volume 2 « Issue 1 « 1000111



Citation: Parvathya and Venatramanb (2017) Invitro Antibacterial and Anticancer Potential of CeO, Nanoparticles Prepared by
Co-precipitation and Green Synthesis Method. J Nanosci Curr Res 2:111.DOI: 10.4172/2572-0813.1000111

Page 8 of 9

From the PL spectra, green emissions are observed at 521 nm and
522 nm for C-CeO, and G-CeO, NPs. This shows the increased
number of oxygen vacancies in the G-CeO, NPs, leading to a higher
number of ROS as compared to the C-CeO, NPs. So that reason G-
CeO, NPs more antibacterial activity as compared to that of C-CeO,
NPs.

Toxicity on lung cancer cells

In present investigation, the cytotoxic effect of C-CeO, and G-CeO,
NPs are examined in cultured (A549) human lung cancer cell line by
exposing cells for 24 h to culture medium containing the C-CeO, and
G-CeO, NPs led to around 40% and 41% inhibition at the highest
concentrations used in our assays at 400 + 0.05 pg/ml and 400 + 0.05
pg/ml respectively in Figure 17. The cancer cell viability of are
decreased partially with increasing the concentration of both CeO,
NPs. The results show the direct dose-response relationship with tested
cells only at higher concentrations, but there is no significant toxicity.
In literature, same trend observed for dysprosium oxide treated A549
human lung cancer cell line at the concentration range of 500 pg/ml
[29].
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Figure 17: The effect of C-CeO, and G-CeO, NPs on the
cytotoxicity property in human lung cancer cell line (A549).

The important physiognomies of apoptosis are morphological
changes during cell death. Figure 18 represents that AO/EB double-
stained A549 human lung cancer cell line treated with test substances
24 h underwent both early apoptosis and late apoptosis. The control or
viable cells shows green fluorescence and normal cell features of
uniform chromatin with an intact cell membrane, whereas, the early
apoptosis cells showed bright green region with yellowish green
nuclear fragmentation and membrane bubbles and apoptotic bodies
outside. The late apoptosis cells exhibited orange-yellow or red nuclei
with condensed or fragmented chromatin.

The results demonstrate that C-CeO, and G-CeO, NPs induce
majority of viable cells shows green fluorescence and normal cell
features of uniform chromatin with an intact cell membrane for 24 h
treatment. Therefore, the present observation exposed the prospect for
the use of synthesize C-CeO, and G-CeO, NPs are enhanced nano-
carrier, due to its low toxicity.

Figure 18: Cells treated with (a) control (b) C-CeO; and (c) G-CeO,
NPs at the respective IC50 concentrations and the morphologies
observed after staining with AO/EB.

Conclusion

In summary, CeO, NPs prepared chemical synthesis by co-
precipitation method and green synthesis using Azadirachta indica leaf
extract comparative studies were carried out.

From the X-ray diffraction studies confirmed that the prepared
nanoparticles were face-center cubic phase. The average crystallite sizes
were 11 nm and 8 nm for C-CeO, and G-CeO, NPs respectively. The
XPS studies showed that from the indexed peaks corresponding to Ce
(3d), C (1s) and O (1s) the respective binding energies of the elements
were estimated. From the TEM and FESEM images, C-CeO, and G-
CeO, NPs were nano-flake like structure and spherical structure.
Elemental compositions were identified by EDAX analysis. In FT-IR
spectra Ce-O stretching observed at 411 cm™! and 429 cm! for C-
CeO, and G-CeO, NPs respectively. From the Raman spectra, the C-
CeO, and G-CeO, NPs were located at 459 and 462 cm’!, these was
due to the triply degenerate F2g Raman active mode of fluorite-type
cubic structure i.e., asymmetric breathing mode of the oxygen atoms
around the cerium ions.The UV-Vis absorption spectra, direct and
indirect band gaps were observed at (2.4 eV and 2.8 eV) and (2.45 eV
and 2.95 eV) for C-CeO, and G-CeO, NPs respectively. From PL
spectra, red shift observed for emission of G-CeO, NPs values as
compared to that of the C-CeO, NPs emission values. These were due
to the formation of more organic impurity levels. The defect state was
localized in between the Ce 4f and O 2p levels, leading to a red shift.
These changes in the emissions were confirmed that the A. indica leaf
extract reduced to forming the CeO, NPs.

The antibacterial studies performed against a set of bacterial strains
showed that the G-CeO, NPs possessed higher antibacterial properties
than the C-CeO, NPs. From the XRD result, the particle sizes of G-
CeO, NPs (8 nm) decreased as compared to that of C-CeO, NPs (11
nm), smaller size can easily penetrate into bacterial membranes due to
their large interfacial area, thus enhancing their antibacterial efficiency.

The cytotoxic effect of the C-CeO, and G-CeO, NPs were examined
in cultured (A549) human lung cancer cell line by exposing cells for 24
h to culture medium containing the C-CeO, and G-CeO, NPs led to
around 40% and 41% inhibition at the highest concentrations used in
our assays at 400 + 0.05 g/ml and 400+ 0.05 pg/ml respectively.
Therefore, the present observation exposed the prospect for the use of
synthesized C-CeO, and G-CeO, NPs as enhanced nano-carrier, due
to its low toxicity.
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