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ABSTRACT

Aims: The current study sought to assess the antibacterial and anticancer properties of AgBa-
modified TiO, nanoparticles produced by a green method using a hairy root extract from Withania
somnifera. Materials and Methods: The synthesized samples were examined through X-ray
Diffraction (XRD) investigations, SEM and Energy-Dispersive X-ray analysis (EDX), Dynamic Light
Scattering (DLS), Fourier Transform Infrared (FTIR) Spectroscopy, Ultraviolet (UV) Spectroscopy, and
Photoluminescence (PL) spectra. Results: SEM validated the produced nanoparticle’s spherical-
like shapes with EDX analysis, which confirmed the crystallite size of 70 nm as determined by DLS.
In addition, oxygen vacancies in synthesized nanoparticles were found between 501 and 521 nm
in the PL spectra. Conclusion: The primary focus of this study is on the environmentally friendly
plant-based synthesis of biomedically important AgBa-modified TiO, using aqueous Withania
somnifera hairy root, and it has the potential antibacterial against S. aureus, S. pneumoniae,
B. subtilis, K. pneumoniae, E. coli, P. vulgaris and anticancer activity against blood cancer cell lines
(MOLT-4).
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INTRODUCTION

A current hotbed of materials science research is
nanotechnology. Innovative fabrics, food processing,
crop growth, and cutting-edge medical procedures
are just a few examples of the new things that this
technology can make possible." It involves developing,
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identifying, and studying materials with a nanometer-
sized size range (1-100 nm). Nanoparticles (NPs) have
a larger surface area than macroparticles because they
are smaller in size.” They differ significantly from bulk
materials in terms of their size-dependent properties.
Bl Despite being smaller than their counterparts, NPs
have more substantial structures. Because of this
particular property, they could be utilized in various
applications, such as biosensors, nanomedicine, and
bionanotechnology.”* Metal NPs TiO,’s size, makeup,
degree of crystallinity, and shape reveal a lot about their
innate characteristics.

When materials are scaled down to the nanoscale,
their mechanical, electrical,

chemical, structural,
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morphological, and optical properties can change.
Nanomaterials have consequently recently been given a
lot of attention in both the basic and applied sciences,
as well as in bionanotechnology.

Many researchers have investigated the nano-sized
BaTiO,, which has a variety of morphologies and
demonstrates significant antibacterial and anticancer
properties. BaTiO, is currently being researched as a
potential antibacterial ingredient in nano- and microscale
formulations. When BaTiO3 particles are sized to the
nanometer range, they exhibit strong antimicrobial
properties.

Once inside the bacterial cell, BaTiO3 interacts with the
surface of the core of the bacteria and then indicates
specific bactericidal mechanisms.”!

As part of the synthesis process, various parameters are
subjected to optimization and control to obtain BaTiO,
nanomaterials, even though biological substances
offer an alternative to green chemistry for producing
nanoparticles that are harmless to humans and the

environment.>'”

Using green synthesis methodology,
we used the extract of W. sommnifera hairy roots acting as
a reducing and capping agent while preparing a novel
kind of BaTiO,:Ag nanoparticles. This was done to
produce potential antimicrobial nanocomposites.

In several countries, W.sommnifera roots are used as
essential ethnomedicinal herbs. In some countries like
Morocco, South Africa, Tanzania, India, Ethiopia,
Lesotho, and Pakistan, the WSR extract was used for
curing the following diseases Abortifacients, Sedatives,
Aphrodisiacs,  Kidneys,
Gynaecological, and Pulmonary troubles.""! The main

Fever, Ethnoveterinary,
objective of this study is to investigate the structural
and optical properties of Green synthesized AgBa-
modified TiO, (GABT) using WSR. Furthermore, the
antibacterial and anticancer activity of synthesized
GABT was also analyzed.

MATERIALS AND METHODS
Materials

Barium nitrate (98%), Silver nitrate and titanium
isopropoxide were purchased from Sigma Aldrich.

Preparation of natural Withania somnifera hairy
roots (WSR) reduction agent

The 5 g of dried W. sommnifera hairy roots (WSR) powder
was mixed with 100 mlL of deionized water. The W.
sommifera hairy roots (WSR) solution was boiled at 80°C
for 20 min on a magnetic stirrer. After that, the Anonum
subulatum Roxb solution mixture was filtered using

Whatman No. 1 paper. Filter WSR solution stored in
the refrigerator.

Green synthesis of AgBa-modified TiO,

To prepare AgBa-modified TiO, (GABT) NPs, 0.005 M
of barium nitrate and 0.005 M of silver nitrate solute
were added to 0.090 M of titanium isopropoxide
solution. Next, the Ti metal solution was added to
100 mL of WSR extract to produce a white, homogenous
solution. This titanium precipitate solution was stirred
continuously at 80°C for 4-6 hr. The precipitate was
then calcined at 700°C for 5 hr.

Characterization techniques

The GABT NPs were characterized by an X-ray
diffractometer (model: X’PERT PRO PANalytical). The
diffraction patterns were recorded in the 20°-80° for
the GABT NPs, where the monochromatic wavelength
of 1.54 was used. The samples were analyzed by field
emission scanning electron microscopy (Catl Zeiss
Ultra 55 FESEM) with EDAX (model: Inca). The
NanoPlus Dynamic Light Scattering (DLS) Nano
Particle Sizer was used for the particle size analysis of
the GABT NPs. The FTIR spectrum was recorded in
the wavenumber range of 400—-4000 cm™ by using the
Perkin-Elmer spectrometer. The UV-vis NIR spectrum
was captured using Lambda 35 at wavelengths ranging
from 200 to 1100 nm. Photoluminescence spectra were
measured using the Cary Eclipse spectrometer.

Antibacterial assay

The antibacterial activity of the above GABT
nanoparticles was investigated by the well diffusion
method and tested against G+ (S. aurens, S. pneumoniae
and B. subtilisy G-bacteria (K. pnenmoniae, E. coli and
P. vulgaris) after molten nutrient agar, according to the
Clinical and Laboratory Standards Institute (CLSI).
After inoculation, well loaded with 1, 1.5, and 2 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 hr. The inhibition zone was
measured. As a positive control for G+ and G-bacteria,
amoxicillin (Hi-Media) was used.

Cell culture maintenance

Blood cancer cell (MOLT-4) lines were procured from
the cell repository of the National Centre for Cell
Sciences (NCCS), Pune, India. Dulbecco’s Modified
Eagle Media (DMEM) was used for maintaining the cell
line, which was supplemented with 10% Fetal Bovine
Serum (FBS). Penicillin (100 U/mL), and streptomycin
(100 pg/mL) were added to the medium to prevent
bacterial contamination. The medium with cell lines
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was maintained in a humidified environment with 5%
CO, at 37°C.

MTT stock solution

MTT (50 mg) dye was dissolved in 10 mL of PBS.
After vertexing for 1 min, it was filtered through 0.45
micro filters. The bottle was wrapped with aluminium
foil to prevent light, as MTT was light-sensitive. The
preparation was stored at 4°C.

MTT assay

Cell viability assay, Blood cancer cell (MOLT-4) cells
were harvested and counted using a haemocytometer
diluted in DMEM medium to a density of 1 X 10*
cells/mL was seeded in 96 well plates for each well and
incubated for 24 hr to allow attachment. After Blood
cancer cell (MOLT-4) cells were treated with control
and the containing different concentrations of sample
GABT NPs at 5 to 20 pg/mL were applied to each
well. Blood cancer cell (MOLT-4) cells were incubated
at 37°C in a humidified 95% air and 5% CO, incubator
for 24 hr.

After incubation, the drug-containing cells were
washed with fresh culture medium and the MTT
(5 mg/mL in PBS) dye was added to each well,
followed by incubation for another 4 hr at 37°C. The
purple precipitated formazan formed was dissolved in
100 pL of concentrated DMSO and the cell viability
was absorbance and measured 540 nm using a multi-
well plate reader. The results were expressed at the
percentage of stable cells with respect to the control.
The half-maximal inhibitory concentration (IC, ) values
were calculated, and the optimum doses were analysed
at different time.

Mean absorbance of the control —

Mean absorbance of the sample

Cell viability (%) = x 100

Mean absorbence of the control

The IC, values were determined from the sample A
and B dose-responsive curves where inhibition of
50% cytotoxicity compared to vehicle control cells.
All experiments were performed at least three times in
triplicate.

RESULTS AND DISCUSSION

Figure 1 shows the XRD pattern of the GABT. The
perovskite phase with a rutile TiO, structure (JCPDs
No. 75-1537) is correspondingly represented by the
diffraction peaks in the GABT sample, which can be
found at angles (20) of 24.91, 30.19, 37.15, 43.82, 54.39,
and 64.26. These angles correspond to the (001), (110),

(001)

BaTiO, Ag

Intensity (a.u)

20 (degree)
Figure 1: XRD pattern of the GABT.

(111), (200), (211), and (220) hkl PLANE.!"? In addition,
secondary phases were indexed to the tetragonal phase
of BaO and were in good agreement with JCPDS
Card No. 26-0178”.["I The anatase phase structure of
TiO, was also in good agreement with JCPDS card
No. 21-1272," and peaks of Ag were found to be in
good agreement with JCPDS card No. 04-0783.1" Peaks
that are both sharp and intense are evidence that the
nanoparticles synthesized are highly crystalline in their
natural state. The average crystallite size (D) of the
sample is determined by applying the formula developed
by Debye and Scherrer, which can be written as follows:

_ k-A
B-cosB

Q)

Here, the Size of the nanoparticles is named “D”,
radiations wavelength is named as “A”, a constant 0.94
is named as “A&”, the peak width at half-maximum
intensitynamed as “f”, peak position named as “#’. The
average crystallite size is 55.1 nm.

Dynamics light scattering studies

The Dynamic Light Scattering (DLS) method is a
technique for analyzing particle size and size distribution.
The particle size distribution of GABT nanoparticles
was diagnosed with the help of this technique. Figure 2
illustrates that 50% of the particles had a size of up to 70
nanometers, while the other 50% were more significant.

SEM and EDAX spectral analysis

Figure 3a displays scanning electron micrographs
that were taken of synthesized GABT. The structure
resembles a brain coral, with some spherical-like
structures scattered throughout. Figure 3a shows the
spherical structure of AgBa nanoparticles that are
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Figure 2: DLS analysis of GABT.

Figure 3: a. SEM image of GABT.
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Figure 3: b. EDAX spectral image of GABT.

attached to the TiO, brain coral structure. The results
of the EDX analysis, which can be seen in Figure 3b,
confirmed the presence of the elements Ba, Ti, Ag, and
O in the GABT nanoparticles that had been synthesized.
We could determine the composition of this sample
by examining it in three different locations. They have
comparable values (within 0.01 at. %), indicating that
the sample composition is uniform throughout. Ba, Ti,
Ag, and O account for 24,44%, 43.10%, 11.28%, and
21,21% of the total elemental atomic composition.

FTIR spectral analysis

We perform FTIR spectroscopy in the range of
4000-400 cm™ to classify the functional groups present

BaTiO3Ag

Transmittance

=
-
i)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'l)

Figure 4: FTIR spectroscopy of GABT.

in the aqueous extract and the zinc oxide nanoparticles,
as shown in Figure 4. These functional groups are
present in both of these samples. We did this so that
we could evaluate the outcomes side by side. The small
peaks at 846 cm™ represent Ag-O,l'! 743 and 565 cm'
represent Ti-O stretching bands!'"”! of the GABT. The
peaks that appear between 1418 and 1461 cm are
associated with the stretching vibration of C-O-CO*
caused by traces of BaCO,. It is evident from Figure 3
that the hydroxy functional group is present due to the
decrease in intensity of the peak corresponding to —OH
groups at 3416 cm™. A peak at 1638 cm’', characteristic
of the bending mode of H-O-H, is the result of water
being physically adsorbed on BaTiO, nanoparticles.
It was determined that the band with a frequency of
2922 cm™ was the stretching vibration of C-H bands
associated with propyl groups!" of WSR.I"

UV-vis absorbance spectra analysis

The UV-vis absorbance spectra were utilized to
investigate the GABT’s optical characteristics. The band
gap, the amount of oxygen deficiency, the number of
impurity centres, the roughness of the surface, the
impurity centres, and the quantum confinement effect
were all factors that determined the absorbance of the
samples.”’ Because of the reduction in particle size, one
can anticipate the occurrence of quantum confinement
effects.

These effects will be noticeable as a blue shift of the
optical absorption edge, which is brought about by
widening the band gap in the ultraviolet region. The
absorption spectrum (Figure 5). displays a blue shift at
397 nm, associated with the bulk exciton. This particular
property is of the utmost importance to the quantum
confinement effect in GABT nanostructured materials.
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Figure 5: UV spectra of GABT.
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Figure 6: PL spectra of GABT.

In addition, it was discovered that the GABT sample
had an energy band gap of 3.12 eV.

PL analysis

Photoluminescence of GABT at room temperature is
reported in Figure 6. The deconvolution in eight distinct
bands, where the first maximum occurred at around 3.31
eV, followed by a maximum at 3.10 eV, 2.97 eV, 2.82 eV,
2.70 eV, 2.58eV, 2.47 €V, and one at 2.38 eV. The PL
spectra of GABT depicted in the figure are composed
of three colour components, the violet emission at 375
nm with 3.31eV equivalent to the typical band gap of
BaTiO3, near band emission at 400 nm with 3.10 eV,
417 nm with 2.97 eV. The blue emission peaks at 439
nm with 2.82 eV, 460 nm with 2.70 eV, and 481 nm with
2.58 eV, which represents, that there must exist certain
localized levels within the forbidden band gap because
the direct electron transition between the valence band
and the conduction band should not be allowed.”?"*!

Figure 7: Antibacterial activity of GABT NPs treated with
S. aureus, S. pneumoniae, B. subtilis, K. pneumoniae, E. coli,
and P. vulgaris bacterial strain.
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Figure 8: Zone of inhibition of GABT NPs treated with
S. aureus, S. pneumoniae, B. subtilis, K. pneumoniae, E. coli,
and P. vulgaris bacterial strain.

The green emission at 501 nm with 2.47 eV and
521 nm with 2.38 eV provides evidence that the
latter encountered improved charge separation and
demonstrated a decreased recombination rate. These
effects would increase the probability that electrons
and holes will combine to form reactive oxygen species
ROS, increasing photocatalytic activity.*!

Antibacterial activity

The well diffusion method was used to assess Figure 7.
antibacterial activity of GABT NPs against S. aureus,
S. pueumoniae, B. subtilis, K. pneumoniae, E. coli, and
P vnlgaris. The results are presented in Figure 8. As
depicted in Figure 9, the Zone of Inhibition of GABT
NPs and conventional medicines like amoxicillin exhibit
antibacterial activity. Therefore, the concentration
and antibacterial activity of GABT NPs should be
increased. Compared to other gram-positive and gram-
negative bacterial cultures, B. subtilis demonstrates the
highest inhibition rate, demonstrating how effective
synthetic GABT NPs are against all bacterial pathogens.
XRD measurements determine the GABT particle size
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Figure 9: Anticancer activity of GABT NPs treated with Blood
cancer MOLT-4 cells for 24 hr.
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Figure 10: Toxicity activity of GABT NPs treated with Blood
cancer MOLT-4 cells for 24 hr.

in the current study to be around 55 nm, and the surface
defect (Oxygen vacancies: Ov) of the GABT is shown
by the PL spectra at 501 and 521 nm. If a nanomaterial
exhibits essential photocatalytic activity and oxygen
vacancies, it frequently produces more ROS. In this
illustration, water splitting within the cell’s cytoplasm
may produce active free radicals such as singlet oxygen
and hydroxide radicals. Bacterial cells contain DNA
and lipid macromolecules that interact with single
oxygen and hydroxide radicals, or ROS, to disturb the
physiological processes going on inside the cell.

Anticancer activity

The anticancer activity of AgBa-modified TiO, NPS
was tested on the viability of human blood cancer cell
MOLT-4 cells at various concentrations ranging from
2.5 to 15 g/mL at 37°C for 24 hr. After incubation,
cytotoxicity was tested using the MTT assay. Figure 9
show the MOLT-4 cell lines treated with GABT NPs
demonstrated anticancer activity at all concentrations
tested (2.5 to 15 g/mL). In addition, due to the cytotoxic
inhibition activity of Reactive Oxygen Species (ROS)-
induced cell death, the IC_ estimates of cell inhibition
of GABT NPs were observed to be 9.5 g/mlL..

In vitro toxicity

GABT’s cytotoxicity was tested on 1929 cells. An
optical microscope determined whether 1.929 cells had
undergone any morphological changes, as shown in
Figure 10. A homogeneous fusiform shape can be seen
in the untreated control cell (100% cell viability). The
manufactured GABT-treated cells showed 91% vitality,
indicating that they were still alive.

CONCLUSION AND SUMMARY

The primary focus of this study is on the environmentally
friendly plant-based synthesis of biomedically important
AgBa-modified TiO, using aqueous WRS, an essential
plant in conventional medicine. Using XRD analysis,
the crystalline structure of the generated GABT NPs
was determined to be a tetragonal structure. The
morphologies and elemental content of synthesized
GABT were determined using FSEM and EDX. The
presence and concentration of Ba, Ti, Ag, and O
account for 24.44%, 43.10%, 11.28%, and 21.21% were
confirmed by EDX spectra. Particle sizes as small as 70
nm are revealed by DLS analysis. The phytochemicals
in the WRS in the sample were confirmed by FTIR
spectroscopy analysis. At 848 and 1461 cm™, the WRS
(COO-) acid ligand was discovered. It demonstrates that
synthetic GABT still contains plant-based precursors.
The primary electron transition between inter-bands
and direct bands was visible in the PL spectra, along
with trap-state emission. The synthesized GABT NPs
can kill both G+ and G-type bacterial strains. The
anticancer activity of GABT NPs against blood cancer
cell lines increased as their concentration increased.
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