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Abstract 
In the current work, green processed of Ba-modified TiO2 nanoparticles (GBT) was employed from aqueous Withania 
somnifera hairy roots (WSR). The GBT was characterized by different methods such as X-ray diffraction (XRD) studies, 
SEM and energy-dispersive X-ray analysis (EDX), dynamic light scattering (DLS), Fourier transform infrared (FTIR) 
spectroscopy, ultraviolet (UV) spectroscopy, and photoluminescence (PL) spectra. The crystallites exhibited a size of 65–
75 nm measured via DLS, while SEM with EDX analysis of synthesized nanoparticles confirmed their spherical-shaped and 
bowl-like particles. Using FTIR analysis, functional groups of synthesized GBT were established. From the PL spectrum, 
oxygen vacancies in synthesized GBT were observed at 518 nm. Furthermore, the antibacterial and anticancer activities 
of GBT were evaluated. 
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The manipulation of matter at the atomic, molecular, and 

nanoscale is known as nanotechnology. The properties offered 

by materials when viewed on a nanoscale are quite distinct from 

those provided by materials when viewed on a larger scale. 

Because of this, nanotechnology can enhance the qualities and 

properties of various things, including materials, electronic 

devices, biological systems, etc. [1]. The perovskite family has 

a high dielectric constant and a low loss, which makes it useful 

in capacitors, transducers, and multilayer capacitors [2]. The 

use of NPs as antimicrobial agents is a young and developing 

field, and the growing number of applications for NPs in 

nanomedicine - such as drug delivery systems, gene therapy, 

and diagnostic screening, lead the field. The particle size, 

stability, and concentration of metal oxide nanoparticles in the 

growth solution affect their ability to kill bacteria [3]. 

In addition, specific interactions between nanoparticles, 

which depend on the concentration of nanoparticles and the 

resistance of the microbes, can inhibit the growth rate of 

microbes when they grow in a medium amended with 

nanoparticles [4]. TiO2 nanoparticles can be obtained through a 

wide variety of synthesis methods, including precipitation, 

hydrothermal, and solvothermal [5-6]. As part of these 

processes, several synthesis parameters are subjected to 

optimization and control to obtain TiO2 NPs. Even though 

biological things can be used as an alternative to green 

chemistry to make safe and suitable nanoparticles for the 

environment [7-8], this article describes the synthesis of Ba-

modified TiO2 NPs from the extract of Withania 

somnifera hairy roots (WSR), as well as the studies that have 

been done to characterize the NPs. Withania somnifera (WS) is 

widely distributed in subtropical areas worldwide. WS is a 

versatile medicinal plant belonging to the Solanaceae family. 

Many illnesses, including fever, anticancer, diabetes, arthritis, 

heart issues, and piles, are treated with this plant [9]. 

Furthermore, the plant's withanolide alkaloids may be 

responsible for the plant's well-known anticancer, reduced the 

back pain relief, and muscle-strengthening properties. WS is 

also abundant in various highly valued secondary metabolites, 

including glycosides, alkaloids, flavonoids, phenolics, and 

steroids. Various parts of the plant have multiple preclinical 

trials, including cardioprotective, anticancer, antioxidant, 

antibacterial, antifungal, anti-inflammatory, hepatoprotective, 

anti-depressant, and low blood glucose effects [9]. The present 

work focuses on synthesizing Ba-modified TiO2 NPs using an 

extract of WSR. This study aims to examine the structure, 

morphology, and antibacterial and anticancer activity of (GBT) 

green processed of Ba-modified TiO2 nanoparticles in relation 

to human pathogens. The results were based on how much the 

bacteria's growth was stopped, how many exopolysaccharides 

they made, and their minimum inhibitory concentration (MIC). 
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The outcomes of the tests show that the materials can inhibit 

these bacteria from growing, which makes them useful for 

commercial applications. Furthermore, the MTT assay was then 

used to conduct a preliminary in vitro assessment of 

cytocompatibility and cell viability. 

 

MATERIALS AND METHODS 
 

Barium nitrate (98%) and titanium isopropoxide were 

purchased from Sigma Aldrich. 

 

Preparation of natural Withania somnifera hairy roots (WSR) 

reduction agent  

 

The 5 g of dried Withania somnifera hairy roots (WSR) 

powder was mixed with 100 mL of deionized water. The 

Withania somnifera hairy roots (WSR) solution was boiled at 

80 °C for 20 minutes on a magnetic stirrer. After that, the 

Amomum subulatum Roxb solution mixture was filtered using 

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

refrigerator. 

 

Green synthesis of Ba modified TiO2 

To prepare Ba-modified TiO2 (GBT) NPs, 0.010 M of 

barium nitrate solute was 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 hours. The precipitate was then 

calcined at 700 °C for 5 hours. 

 

Supporting information 

Characterization techniques (SI 1), Antibacterial assay 

(SI 2), Cell culture maintenance (SI 3) MTT stock solution (SI 

4), SI 5 MTT assay (SI 5), for GBT NPs are provided in 

Supporting Information (SI). 

 

SI 1 characterization techniques 

The GBT NPs were characterized by an X-ray 

diffractometer (model: X’PERT PRO PANalytical). The 

diffraction patterns were recorded in the 20°–80° for the GBT 

NPs, where the monochromatic wavelength of 1.54 was used. 

The samples were analyzed by field emission scanning electron 

microscopy (Carl 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 GBT 

NPs. The FTIR spectrum was recorded in the wavenumber 

range of 400–4000 cm-1 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. 

 

SI 2 antibacterial assay 

The antibacterial activity of the above GBT 

nanoparticles was investigated by the well diffusion method and 

tested against G+ (S. aureus, S. pneumoniae and B. subtilis) G-

bacteria (K. pneumoniae, 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 hours. The inhibition zone 

was measured. As a positive control for G+ and G-bacteria, 

amoxicillin (Hi-Media) was used. 

SI 3 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 μg/ml) were added to the 

medium to prevent bacterial contamination. The medium with 

cell lines was maintained in a humidified environment with 5% 

CO2 at 37°C. 

 

SI 4 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. 

 

SI 5 MTT assay 

Cell viability assay, Blood cancer cell (MOLT-4) cells 

were harvested and counted using haemocytometer diluted in 

DMEM medium to a density of 1 × 104 cells/ml was seeded in 

96 well plates for each well and incubated for 24 h to allow 

attachment. After Blood cancer cell (MOLT-4) cells treated 

with control and the containing different concentrations of 

sample GBT NPs at 5 to 20 μg/ml were applied to each well. 

Blood cancer cell (MOLT-4) cells were incubated at 37°C in a 

humidified 95% air and 5% CO2 incubator for 24 h. After 

incubation, the drug-containing cells wash with fresh culture 

medium and the MTT (5 mg/ml in PBS) dye was added to each 

well, followed by incubated for another 4 h at 37°C. The purple 

precipitated formazan formed was dissolved in 100 µl 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 (IC50) 

values were calculated, and the optimum doses were analyzed 

at different time period. 

 

Cell 

viability 

(%) = 

Mean absorbance of the control – Mean 

absorbance of the sample × 100 

Mean absorbance of the control 

 

The IC50 values were determined from the sample A and 

B dose responsive curve where inhibition of 50% cytotoxicity 

compared to vehicle control cells. All experiments were 

performed at least three times in triplicate. 

 

RESULTS AND DISCUSSION 
 

XRD patterns 

XRD patterns of the synthesis of Ba doped TiO2 NPs is 

shown in (Fig 1). X-ray diffraction peaks are located at angles 

(2θ) of 24.7, 27.5, 30.9, 38.2, 44.7, 55.6, and 65.3, which 

correspond to (001), (110), (111), (200), (211), and (220) 

PLANE of GBT nanoparticles, which exhibit rutile TiO2 

structure (JCPDs NO:75-1537). It is worth noting that no 

secondary peaks were observed. The average particle size of 

Ba-doped TiO2 NPs is 35 nm. 

 

Morphology and chemical composition 

FESEM image of green synthesized GBT NPs is shown 

in (Fig 2). The GBT NPs formed grains in the spherical and 

bowl-like particles are randomly distributed and visible in SEM 

images. According to the FESEM image, the average particle 

size is about 50 nm. The results of the EDX analysis, which can 

be seen in (Fig 3), confirmed the presence of the elements Ba, 
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Ti, and O in the GBT NPs that had been synthesized. We could 

determine this sample's composition by looking at it in three 

different locations. They show reasonably identical values 

(within 0.01 at. %), demonstrating that the sample has a uniform 

composition as shown in (Fig 3). The elemental atomic 

composition reveals that Ba, Ti, and O each make up 24.23% of 

the total, 47.57% of the total, and 25.36% of the total, 

respectively. DLS is a method for studying the hydrodynamic 

particle size distribution of GBT nanoparticles. The average 

particle size was observed at 65 nm (Fig 4). 

 
 

Fig 1 X-ray diffraction pattern of GBT NPs 
 

Fig 2 FESEM image of GBT NPs 
 

Fig 3 EDAX spectrum of GBT NPs 

 
FTIR spectral and UV-Vis spectral analysis 

At room temperature, FTIR spectra of the GBT sample 

were recorded for wavenumbers ranging from 4000 to 400 cm-

1 (Fig 5). The vibrational peaks assigned to 446, 535, 848, 1421, 

1642, 2922, and 3436 cm-1 are vibrational peaks of GBT 

showing stretching in Ti-O, Ti-OH, COO-, O-H, C-H and Ba-

OH bonds. 

The infrared absorption region corresponds to the region 

that spans from 400 to 600 cm-1. Strong peaks can be seen at 

446 cm-1 and 535 cm-1 due to Ti-O bending vibrations along the 

polar axis [11-13]. The bending vibrations in the COO- group 

caused by the plant's acid ligand are the source of the vibrational 

peaks measured at 848 and 1415 cm-1, respectively. The H-O-

H bending mode peaks at 1642 cm-1 and the O-H stretching 

mode is observed at 3436 cm-1 [14]. (Fig 6) depicts the UV-

visible absorbance spectrum of green synthesis Ba-doped TiO2 

NPs. The GBT NPs exhibit a strong absorbance edge peak 

at 273 and 398 nm, which may be electron transfer from the 

valence band to the conduction band. 

 

 

Fig 4 DLS spectrum of GBT NPs 
 

Fig 5 FTIR spectrum of GBT NPs 
 

Fig 6 UV-Vis absorbance spectrum of GBT NPs 

 

PL spectral analysis  

 The PL spectrum of the green synthesis of GBT NPs with 

an excitation wavelength of 325 nm is displayed in (Fig 7). 

Peaks in the GBT NPs spectrum were found at 375, 395, 405, 

418, 451, 481, and 518 nm, respectively. UV emissions (near-
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band edges) were discovered at 375 and 395 nm due to the free 

exciton-exciton collision process's radiative recombination. 

The violet emission observed at 405 and 418 nm is due to the 

electron transfer from the surface donor level of the tin 

interstitials (Tii) to the top level of the valence band. The blue 

emission bands observed at 451 and 481 nm are attributed to 

the singly ionized tin vacancies (VTi). The green emission band 

is centered at 517 nm due to oxygen vacancies (Ov) [8], [15-16]. 

 

 

Fig 7 Photoluminescence spectrum of GBT NPs 
  

Antibacterial activity 

In terms of antibacterial activity, GBT NPs were tested 

against S. aureus, S. pneumoniae, B. subtilis, K. pneumoniae, E. 

coli, and P. vulgaris using the well diffusion method, as shown 

in (Fig 8). The Zone of Inhibition of GBT NPS and 

conventional antibiotics like amoxicillin show antibacterial 

activity as shown in (Fig 9). In order to increase the 

concentration of GBT NPs and also increase their antibacterial 

activity. Synthesized GBT NPs are very good against all 

bacterial pathogens; B. subtilis exhibits the highest inhibition 

rate compared to other gram-positive and gram-negative 

bacterial cultures. 

In the current work, XRD measurements of the GBT 

particle size show that it is approximately 35 nm, and the 

surface defect (oxygen vacancies: Ov) of the GBT is 

demonstrated by the PL spectra at 518 nm. A nanomaterial 

often produces more ROS (Reactive Oxigen Species) if it has 

more vital photocatalytic activity and oxygen vacancies. In this 

example, water splitting inside the cell's cytoplasm may 

produce active free radicals such as singlet oxygen and 

hydroxide radicals. Single oxygen and hydroxide radicals, or 

ROS, interact with the DNA and lipid macromolecules found in 

bacterial cells, disrupting the physiological processes that are 

taking place inside the cell. 

 

Anticancer activity 

 The anticancer activity assay of Ba-doped TiO2 NPS was 

investigated on the viability of human blood cancer cell MOLT-

4 cells at various concentrations, such as 2.5 to 15 μg/ml at 24 

h at 37 °C. After incubation, cytotoxicity was tested using the 

MTT assay. (Fig 10) shows the MOLT-4 cell lines treated with 

GBT 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 IC50 estimates of cell inhibition of GBT NPs 

were observed to be 10.8 g/mL. 

 

 

 

Fig 8 Antibacterial activity of GBT NPs treated with S. aureus, S. 
pneumoniae, B. subtilis, K. Pneumoniae, E. coli and P. vulgaris 

bacterial strain 

   

Fig 9 Zone of inhibiton of GBT NPs treated with S. aureus, S. 
pneumoniae, B. subtilis, K. Pneumoniae, E. coli and P. vulgaris 

bacterial strain 
 

Fig 10 Anticancer activity of GBT NPs treated with blood cancer 
line (MOLT-4) 

CONCLUSION 
 

 This study primarily focuses on the environmentally 

friendly plant-based synthesis of biomedically significant GBT 

using aqueous WRS, a significant plant in traditional medicine. 

The crystalline structure of the produced NPs has been 

confirmed by XRD analysis, and it is a tetragonal structure. 

SEM and EDX were used to determine the morphologies and 

elemental composition of synthesized GBT. EDX spectra 

confirm the presence and percentage of Ba (24.23%), Ti 
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(47.57%), and O (25.36%). DLS analysis reveals particle sizes 

as small as 65 nm. FTIR spectroscopy analysis verified the 

existence of phytochemicals in WRS present in the sample. The 

acid ligand of WRS (COO-) was obtained at 848 and 1415 cm-

1. It confirms the plant precursors are still available in 

synthesized GBT. The PL spectra showed that, primary electron 

transition takes place between inter-bands and direct bands, and 

it showed trap-state emission. The synthesized GBT NPs 

exhibit antibacterial potential against both G+ and G- bacterial 

strains. Increasing the concentration of GBT NPs also increased 

their anticancer activity against blood cancer cell lines. 
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