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ABSTRACT

Saleem et al.; EJMP, 30(2): 1-17, 2019; Article no.EJMP.52799

reagents.

This article reports the synthesis, characteristics and biomedical applications of CeO,-ZrO, and
TiO,-ZrO, nanoparticles. The nanoparticles are synthesized by Green combustion method. Aloe
Vera, dates and pomegranate extracts are used as mediators to avoid toxicity instead of chemical
Hence it is biocompatible, non-toxic and avoiding adverse effect in biomedical
applications. The nanoparticles are characterized by XRD to confirm the physical structure. The
FTIR, Raman and SEM with EDAX analyses the chemical composition and their morphology. The
antibacterial activity of these nanoparticles is assayed by well diffusion method against the bacterial
pathogens of Stephylococcusaureus, Shigillaflexneri and Bacillus sp. The anticancer effect of the
nanoparticles is investigated on A549 cell line by In Vitro assay. The conceivable purpose is the
hydroxyl radicals which are easily produced by oxidizing more hydroxide ions in alkaline solution.
Thus the competence of the development is rationally improved at pH is 9.

Keywords: Green combustion method; antimicrobial, biomedical applications; pathogens; cytotoxicity.

1. INTRODUCTION

Material Science is a research hotspot in the field
of nanotechnology and it is about the synthesis,
characterization and study of materials in the
nanometer region. In this expertise, the intelligent
materials are those whose structure which exhibit
the new functional and considerably enhanced
by biological assets as well as distinct speculate
functionalities because of the nanoscale
dimensions [1]. In this nanoscale magnitude
generally confers the larger surface areas to
nanoparticles (NPs) which are compared with
macro-sized particles [2]. NPs are known as
measured manipulated particle at the atomic
level (1-100 nm). They show size related
properties significantly from bulk material [3]. In
the recent reports, the number of pollutions
related with antibiotic resistant bacteria (ARB)
has amplified. Microbial infectious viruses are
serious health hindrance that has been drawn
the communal attention in worldwide as human
health threat, which arrays to viable and mutual
complications. One functional application of
metal nanoparticles as antibacterial agents has
been considered as viable tool of biomedical
technology where metal NPs are used as
bactericidalagents towards human diseases [4].
The intrinsic properties of metal-organic-
framework nanocomposites such as Zinc Oxide
(Zn0O), Titanium Dioxide (TiO,) and silver (Ag)
are mostly characterized by the size, shape
elemental composition,crystallinity, morphology
and texture matrix. Reducing the size to the
nanoscale can modify  their  chemical,
mechanical, electrical, structural morphological
and optical properties. These modified features
allow the NPs tointeract in a unique manner with
cell biomolecules and this facilitates the physical

transfer of NPs into the inner cellular structures
[5]-

Augmented eruptions and poisons of pathogenic
strains, bacterial antibiotic resistance,
appearance of innovative bacterial
transformations, lack of appropriate preparation
in underdeveloped countries, and clinic-
associated pollutions are wide-ranging health
threats to humankind predominantly forproducts.
Defining the efficiency of nanoparticles are an
antibacterial mediator involves trial methods
(assays) that actions bacteria viability after
exposure. Various performances have been
established to regulate theantibacterial activity of
synthesized nanoparticles, most of them are
inconsistent in their peculiar approach. Thus,
manifold performances are regularly used in a
single analysis to relate the antibacterial
consequences. Additionally, Gram +ve and Gram

-ve bacteria couldrespond to antibacterial
nanoparticles are inversely and for assays
differently [6].

One fundamental application of metal NPs in
evaluating antibacterial activity has been
considered as the most important tool in
biomedical science. Proper incorporation of NPs
in to drugs and medicines can basis interaction
with disease creating pathogens, there by
liberating nanoparticles on the drug superficial,
where they meet sarcastic bacteria and cause
bacterial inhibition. Infections by bacterial strains,
mostly major disease producing pathogens such
as Staphylococcus aureus, Shigellaflexneri,
Salmonella sp. has become more prominent.
Therefore, developing NPs as novel antibacterial
agents is a new trend and can be applied in
various fields such as biosensors, nanomedicine
and bio-luminescence technology [7].



2. MATERIALS AND METHODS

2.1 Materials

The source material of TiO, was prepared by
aqueous sol-gel development grounded on
adding of Titanium isopropoxide
[Ti(OCH)(CH3),]s as alkoxide precursor in the
aqueous solution attained by mixing an alcohol
with a strong acid. The CeO, source material is
Ammonium Ce(IV) nitrate [Ce(NO3)6H,0]. The
doping material is Zirconium oxide (ZrO,). Dates
and Pomegranate extracts were used as
reagents. To study the antibacterial activity,
Staphylococcus aureus, Shigellaflexneri and
Bacillus sp. bacteria were used. For In Vitro
analysis of anticancer activity, A549 cell line was
attained from NCCS, Pune, India. The cells were
maintained in DMEM supplemented with 10%
FBS, penicillin (100 pg/ml), and streptomycin
(100 pg/ml) in a humidified atmosphere of 50
pg/ml CO, at 37°C [8].

2.2 Preparation of CeO,-ZrO, and TiO,-
ZrO, Nanoparticles

The precursor of CeO, and ZrO, were taken into
the ratio of 90% and 10%. The solutions were
prepared for 1 M of CeO, (2 gm in 25 ml water)
and 0.5 M of ZrO, (0.9 gm in 15ml water). Then
about 22.5 ml of CeO, solution and 1.5 ml of
ZrO, solution was mixed with dates and Aloe-
Vera extracts of each 6 ml drop by drop. The
precursor mixed solution was stirred for 30
minutes at 40°C. This mixture was heated
through hot plate at 100°C for 15 minutes. Then
it was formed as a gel and it was heated by
furnace at 250°C for 5 minutes. The sample was
mortared to get fine powder. This procedure is
illustrated in Fig. 1a. The same procedure was
followed to prepare TiO,—ZrO2 NPs and
illustrated in Fig. 1b. Pomegranate extract (10ml)
was used as reagent [9].

2.3 Characterization

The structures and phases of the synthesized
NPs were studied by powder X-ray diffraction
(XRD) on a X'Pert PRO Diffractometer with
CuKa radiation (A = 1.5406 A) and recorded in 26
values from 10° to 80°. The JCPDS files 89-0555
for TiO, —ZrO, and 81-0792 for CeO,—ZrO, were
used to identify the structures and the grain sizes
(D), were calculated by Scherrer's equation
D=0.9M\/BcosB, where D is the particle size, A is
the wavelength of X-ray used (0.154 nm), B is
the full width at half maximum (FWHM) of the
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diffraction peak and 6 is the Bragg's angle.
Surface areas and volumes of the NPs were
calculated. In Fourier transform infra-red (FTIR)
analysis the vibration peaks were observed
between the 400 and 4000 cm” and the
functional groups were identified. Raman
analysis was carried out in the range 0-5000 cm’
' The morphology of these nanoparticles was
observed by scanning electron
microscopy(SEM). The mass percentage of the
elements presents in TiO,-ZrO, and CeO,-ZrO,
NPs were determined by EDX detector (JED-
2200 Series standard programs).

2.4 Antibacterial Activity

Bacteria planting are techniques that can be
used to estimate bacteria exposure to
nanoparticles. This assay is a self-effacing
technique to categorize the tentative
circumstances twisted a completely antibacterial
setting and thus this way to assume the assay
governs minimum inhibitory concentrations (MIC)
or minimum bactericidal concentrations (MBC).
In the contemporary report, Agar plate well
diffusion technique was used to investigate the
antibacterial effect of the TiO,-ZrO, and CeO,-
ZrO, NPs. They were tested for antibacterial
properties against the selected bacterial strains
namely Staphylococcus aureus, Shigellaflexneri
and Bacillus sp. which were cultured in nutrient
agar medium. A small volume of each bacterial
suspension was spread in to the Muller Hunton
agar plate. Two wells (4 mm dia.) were made
with the help of flamed cork borer on the surface
of the agar plate. 25 yL of the test compound
and standard (0.1% of streptomycin solution)
were placed on walls separately. The plate was
incubated at 37+1°C for 24 hrs. After incubation,
the diameter of the zone of inhibition (in mm) was
measured around the well. Each test was
replaced thrice and the mean values were
calculated [10].

2.5 Cytotoxicity Measurements

The potential in vitro use of NPs as anticancer
agents was dependent on cytotoxicity assay in
eukaryotic cells. To investigate the anticancer
effect of the synthesized NPs, MTT viability
assay was used as devised by Mosmann (1983).
Cells (1x 10°well) were placed in 24-well plates
and incubated in 37°C with 5% CO, order. The
synthesized nanoparticles were then
supplementary to the cell culture media at
various concentration of the sample viz. 7.8,
15.6, 31.2, 62.5, 125, 250, 500 and 1000 pg/ml.



After incubation, the design was removed from
the well and rinsed with phosphate buffered
saline (pH=7.4), about 100 pl/well of 0.5% 3-(4, 5
di methyl-2-thiazolyl +2, 5-di phenyl tetra zolium
bromide) (MTT) was further and incubated for 4
hrs. The OD value was read at 570 nm with the
use of UV-spectrometer. The % of cell viability
was considered by the equation; % of cell
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viability = (A 570 of treated cells / A 570 of
control cells) x 100; the calculated values were
plotted on a graph, placing test concentrations
(ug/ml) on x-axis and percentage of cell viability
values on y-axis. The concentration at 50% of
cells inhibition was determined as ICsy. Suitable
controls both for cells and samples were run
each assay to assess the full cell viability [11].
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Fig. 1a.
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Fig. 1b.

Fig.

1(a-b) Flowcharts for the Synthesis of Ce0,-ZrO, and TiO,- ZrO,



3. RESULTS AND DISCUSSION
3.1 XRD Analysis

The structural identification of CeO,-ZrO, and
TiO,-ZrO, nanoparticles was done by X-ray
diffraction as shown in Fig. 2. The diffraction
peaks of CeO,-ZrO, nanoparticles (111), (200),
(220), (311), (222), (400), (331) and (420) were
obtained. The peaks are in prompt agreement
with the typical diffraction spectrum (JCPDS file
81-0792). It was clearly indicated that the fine
crystalline and single phase of CeO,-ZrO,, could
be indexed to the cubic structure. The diffraction
peaks of TiO,-ZrO, nanoparticles (110), (101),
(111), (211), (220), (002) and (301) matched with
JCPDS file 89-0555, the diffraction peaks are
indexed to the tetragonal planes. The average
crystallite sizes, volumes, lattice parameters and
surface areas of these nanoparticles are shown
in Table 1.

3.2 FTIR and Raman Analysis

Fig. 3 shows the FTIR spectra of the CeO, -ZrO,
and TiO,-ZrO, nanoparticles in the wavelength
range of 4000 cm™' — 400 cm™". The alteration of
dipole moment of bonds takes place with
vibration effects in IR region. In the present
study, the nanoparticles contain of Ce-O, Ti-O
and Zr-O bonds which have sensible dipole
moment. Oxide materials which have more
attention than one oxygen atom bound to a
single metal atom frequently engage in the
region of 1050 cm™ - 870 cm ' [12]. Due to the
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nanosized effect, the Ce-O, Ti-O and Zr-O
stretching vibrations may be found in the region
of 980 cm™' - 300 cm™". In our study, the spectra
of both illustrations exhibited similar peak which
was observed at 1383 cm’™ belonged to CHj;
group of FTIR band spectrum. The other peaks
observed for CeO, -ZrO, nanoparticles are 486,
742, 1625 and 2932 cm™” and for TiO%-Zroz
nanoparticles are 665, 1587 and 2894 cm . The
band at ~1625 cm™' was consigned to the
hydroxyl deformation mode of aquatic molecules
and specified the presence of physisorbed water
on the binary oxides [13,14]. The peak at ~2900
cm s primarily due to the stretching vibration of
C-CH;. Hence, the study revealed that both
Ce0,-ZrO, and TiO,-ZrO, NPs have a high
concentration of CH; groups. It is known that
when the excitation wavelength is close to an
electronic transition, Raman scattering changes
from normal to resonant, which can result in
sufficient increasing of signal intensities (Fig. 4).
Resonance process can enhance one type of
vibration modes, while the others remain
unaffected [15]. In the present study, the peaks
were observed at 1531cm™ and 1581cm™ for
Ce0,-ZrO, and TiOx-ZrO, nanoparticles
respectively.

3.3 SEM and EDX Analysis

The morphologies of CeO,-ZrO, and TiO,-ZrO,
nanoparticles were studied by SEM analysis.
From Figs. 5(a) and 6(a) it is recognized that
both samples are appeared in spherical form.

(111)

I
] W'W’MWWWJ ‘W JJI‘W“ |

— (200)

Counts

(110)

|
Mo g

Ce0,-2,0,

(311)

(331)

=)
N
I

W

222)

400)

N

'v‘“m«m/“‘ M“M\VW/-«W ‘WM‘W’VJ

o
o

Ti0p-Z,02

30 40

50
20°

60 70 80

Fig. 2. XRD pattern of Ce0,-ZrO, and TiO,- ZrO,



Saleem et al.; EJMP, 30(2): 1-17, 2019; Article no.EJMP.52799

Table 1. XRD analysis of Ce0,-ZrO, and TiO,-ZrO,A = 1.54056 A

Sample Grain size D Strain§ Dislocation Lattice parameter  Surface area  Texture Volume
(nm) density(1/D%)(Lines/m?) a(A") C (A" (m?/gm) coefficient Vm®

Ce0,-ZrO,(Cubic) 43.5237 0.000758 0.0003948 5.416 ---- 21.572 0.87807 158.9045

TiO,-ZrOy(Tetragonal) 57.8921 0.001965 0.0006805 45995 29668 A° 28.993 0.80871 62.766
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Table 2. SEM and EDAX analysis of CeO,-ZrO2

Element (KeV) Mass% Error% At%
O-K 0.525 18.94 1.70 63.10
Zr-L 2.042 29.74 7.73 17.38
Ce-K 4.837 51.31 33.30 19.52
Total 100.00 100.00
Table 3. SEM and EDAX analysis of TiO,-ZrO,
Element (KeV) Mass% Error% At%
Ti-K 4.508 95.00 24.64 94.07
O-L 1.023 2.89 1.036 4.81
Zr-K 1.021 2.11 19.12 1.12
Total 100.00 100.00
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Fig. 5(a-b). SEM and EDAX ananlysis of ZrO, doped with CeO,

The TiO,-ZrO, nanoparticles are very smaller in
morphology when compared with CeO,-ZrO,
nanoparticles. The elemental dispersive analysis
(EDX) completes the chemical profile of the
Ce0,-ZrO, nanoparticles which has 51.31% of
cerium, 29.74% of zirconium and 18.94% of
oxygen. Also, it has shown high atomic
percentage as 19.52% of cerium, 17.38% of
zirconium and 63.10% of oxygen Fig. 5(b).
Concerning  TiOx-ZrO, nanoparticles, the
chemical profile was noted as 97.89% of titanium
and 2.11% of zrconium. In addition, it was
observed that there was a high atomic
percentage as 98.88% of titanium and 1.12% of
zirconium Fig. 6(b).

3.4 Antibacterial Activity

The bacterial film is usually packed with the
various proteins of CeO,-ZrO, nanoparticles

have the competence to get shortest attachment
with the cell membrane and can interrelate with
the proteins existing in the cell membrane and
DNA. This interaction may lead to tear down the
respiratory chain following cell death [16,17-20].
The antibacterial activity of CeO»-ZrO, and TiO,-
ZrO, nanoparticles was analyzed in vitro using
well diffusion method. The bactericidal effect was
confirmed in contradiction of gram negative
bacteria S. flexneri and gram positive pathogens
like S. aureus and Bacillus sp. The antibacterial
activity  of Ce0,-ZrO, and TiOx-ZrO,
nanoparticles was given in Tables 4 and 5
respectively. Regarding Ce0,-Zr0O,
nanoparticles, the zone of inhibition was bigger
against S. aureus (23 mm) rather than against
other pathogens. But when compared to
standard (34 mm), the inhibition zone is much
lesser Fig. 7(a). In case of S. flexneri, it was 26
mm, only a bit lesser than standard (29 mm) Fig.



7(b). But in the case of Bacillus sp., the inhibition
zone (34 mm) is greater than the inhibition zone
of standard (32 mm) Fig. 7(c). Similarly, for TiO,-
ZrO, nanoparticles, S. aureus showed better
inhibition zone (25 mm) than other pathogens but
not when compared to standard (34 mm) Fig.
7(d). Both S. flexneri (31 mm) and Bacillus sp.
(39 mm) displayed bigger inhibition zone than
standard (29 and 32 mm respectively) Fig. 7(e-f)
this was clearly illustrated in the graph Fig. 8. In
previous studies reported that; TiO, nanotubes
own antimicrobial accomplishment and the
device involves a prompt and reversible
substantial first phase, and a cellular second
phase [21,22-27]. Another study compared the
antibacterial activity of Ti substrate with Ti coated
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with EG, PEG 400, PEG 600 and PEG 1000
against E. coli. Among these, Ti substrate
showed little activity [28,29]. This reveals that Ti
substrate has not much antibacterial activity.
Studies about the bactericidal activity of ZrO,
nanoparticles disclosed that they exhibit greater
activity against S. aureus and B. subtilis [30,31,
32]. In the case of CeO, nanoparticles, studies
suggested that they have competent activity
against gram negative bacteria like E. coli than
gram positive bacteria S. aureus [33]. These
studies reveal that the CeO, and TiO,
nanoparticles have activity towardsbacteria but
when doped with ZrO, nanoparticles, the activity
got boost up which leads to inhibition zone even
greater than standard antibiotic.
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Fig. 6(a-b). SEM and EDAX spectrum of TiO2-ZrO2
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Table 4. Antimicrobial activity of the CeO, -ZrO, treated against bacterial pathogens

Test organisms

Zone of inhibition in millimeter (in diameter)

Ce0,-ZrO, Standard Streptomycin 30ug
Staphylococcus aureus 23 34
Shigellaflexneri 26 29
Bacillus sp 34 32

Solvent used: DMSO (Dimethyl Sulphoxide)
Standard used: Streptomycin 30 ug

Table 5. Antimicrobial activity of the TiO,-ZrO, treated against bacterial pathogens

Test organisms

Zone of inhibition in millimeter (in diameter)

TiO, -ZrO, Standard Streptomycin 30ug
Staphylococcus aureus 25 34
Shigellaflexneri 31 29
Bacillus sp 39 32

Solvent used: DMSO (Dimethyl Sulphoxide)

Standard used:

Streptomycin 30 ug

Table 6. Anticancer effect of CeO,- ZrO, on A549 cell line

S. No. Concentration (ug/ml) Dilutions Absorbance (0.D) Cell viability (%)
1 1000 Neat 0.071 14.31

2 500 1:1 0.161 32.45

3 250 1:2 0.214 43.14

4 125 1:4 0.261 52.62

5 62.5 1:8 0.305 61.49

6 31.2 1:16 0.361 72.78

7 15.6 1:32 0.401 80.84

8 7.8 1:64 0.439 88.50

9 Cell control - 0.496 100

Fig. 7a. Antimicrobial activity of compounds
treated against Staphylococcus aureususing
by well diffusion method of Ce0,-ZrO,

Fig. 7b. Antimicrobial activity of compounds
treated against Shigellaflexneriusing by well
diffusion method of CeO,-ZrO,

10
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Fig. 7c. Antimicrobial activity of compounds Fig. 7d. Antimicrobial activity of compounds
treated against Bacillus sp using by well treated against Staphylococcus aureus using
diffusion method of CeO,-ZrO, by well diffusion method of TiO,- ZrO,

Fig. 7e. Antimicrobial activity of compounds Fig. 7f. Antimicrobial activity of compounds
treated against Shigellaflexneri using by well treated against Bacillus sp using by well
diffusion method of TiO,- ZrO, diffusion method of TiO,- ZrO,

Table 7. Anticancer effect Ti O,- ZrO, on A549 cell line

S. No. Concentration (ug/ml)  Dilutions Absorbance (0.D) Cell Viability (%)
1 1000 Neat 0.062 12.50

2 500 1:1 0.107 21.57

3 250 1:2 0.165 33.26

4 125 1:4 0.204 41.12

5 62.5 1:8 0.247 49.79

6 31.2 1:16 0.316 63.70

7 15.6 1:32 0.375 75.60

8 7.8 1:64 0.413 83.26

9 Cell control - 0.496 100

11
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Fig. 9 (a-b). Cytotoxicity result analysis of Ce0,-ZrO, and TiO,- ZrO,

3.5 Cytotoxicity Behavior

The significant candidate of anticancer drug is
the ability to induce tumor cell apoptosis [34,35-
37]. The basic cytotoxic assay to assess
anticancer activity is MTT assay. In the present
study, various concentrations of CeO,-ZrO, and
TiO,-ZrO, nanoparticles were treated against
A549 cell line. The percentage of cell viability
was gradually decreased against increasing
concentration of nanoparticles Table 7. Both
Ce0,-ZrO, and TiO,-ZrO, nanoparticles showed
obvious results against A549 cell line. The
nanoparticles showed good activity against A549
cells even at lower concentration like 7.8 ug/ml.
When comparing the cytotoxic property of two
nanoparticles, the TiO,-ZrO, nanoparticles
showed better activity rather than CeO,-ZrO,
nanoparticles. The ICsy values of CeO,-ZrO,
andTiO,-ZrO, nanoparticles are 52.62 and 49.79
respectively. This indicated that

13

nanoparticlesshowed intense activity against
A549 cell line in Fig. 9a. A recent study [38]
showed the anticancer activity of TiO,
nanoparticles against A549 cells, which
confirmed that cell viability got decreased only
after 72 hrs of treatment. But in the present
study, the results illustrated that TiO, -ZrO,
nanoparticles impart cytotoxic effect towards the
A549 cell line with 24 hrs treatment. Another
study about the cytotoxic effect of CeO,
nanoparticles on different cell lines reported that
these nanoparticles were careful drive cancer
cells screening growth and thought-provoking
effect in normal cells [39]. Hence, it is evident
that the both TiO, and CeO, nanoparticles do not
possess efficient cytotoxic activity towards
A549cell line. But the doping of ZrO,
nanoparticles with those enhances the cytotoxic
ability of both CeO, and TiO, nanoparticles. For
the preliminary classification of the cytotoxicity
encouraged by the nanoparticles of A549 cancer



cell, the deviations in cell morphology induced by
the treatment of CeO,-ZrO, and TiO,-ZrO,
nanoparticles was first surveyed under a phase
contrast microscope. The cancer cell lines
showed cell decline, membrane blebbing and
loss of cell adhesion which were tempted by the
nanoparticles in Fig. 9b. These cellular variations
are the characteristics of the apoptoticinduction
of cell death. This demonstrated that the
nanoparticles of our study use the apoptotic
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pathway to kill the cancer cells but not the
necrosis pathway as shown in Fig. 9. This further
illustrated that the nanoparticles of our study are
good candidates, which possess cytotoxic ability
against A549 cell line. In addition, the previous
studies also showed that both CeO, and TiO,
nanoparticles are non-reactive towards normal
cell line. This indicated that CeO,-ZrO, and TiO,-
ZrOonanoparticles can be further tested for in
vivo trials.
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Fig. 10 (a-b). Anticancer effect TiO,-ZrO, and CeO,-ZrO, on A549 cell line
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4. CONCLUSION

Nanostructured CeO,-ZrO, and TiO,-ZrO, were
successfully synthesized through ammonium Ce
(IV) Nitrate and Titanium Isopropoxide by green
combustion method. The advantages of the
green preparation of NPs are simple and non-
toxic. These NPs were confirmed by
characterization of XRD. The result of SEM with
EDX which reveals the physical structures and
percentage of elements present in the
composites. The synthesized NPs showed great
activity against the bacterial pathogens as well
as In Vitro cancer cell line. Our present study
illustrated that these NPs can be considered
further for In vivo studies.
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