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Abstract: In the present investigation, Alternanthera sessilis titanium dioxide nanoparticles 

(AS@TiO2NP's) were synthesized using tissue-culture grown plant leaves aqueous extracts of A. 

asessilis by the microwave irradiation method. The synthesized nanoparticles showed potential 

antibacterial activity and dye degradation properties. The synthesized AS@TiO2NP's were amply 

characterized by using UV-visible spectroscopy, Fourier transform infrared spectroscopy (FT-IR), X-

Ray diffraction (XRD), Scanning electron microscopy (SEM) and Energy dispersive X-Ray analysis 

(EDX). The probable functional bioactive compounds that were involved in capping on the surface of 

titanium nanoparticles were identified by FT-IR analysis. The presence of predominant peaks of TiO2 

2θ value confirms the polycrystalline nature of the synthesized AS@TiO2NP's. SEM analysis showed 

the crystalline structure of the synthesized AS@TiO2NP's and the size of 69 nm with a zeta potential of 

6.5 mV. The stability of AS@TiO2NP's was studied with respect to pH, temperature, and salinity. The 

antibacterial potency of AS@TiO2NP's was studied against Staphylococcus aureus, Bacillus cereus, 

Escherichia coli, and Pseudomonas aeruginosa compared to standard streptomycin drug and further 

validated with bacterial cell membrane damage by SEM analysis. The results of this experiment strongly 

suggest that the AS@TiO2NP's could be effectively used as an alternate candidate for efficient and safe 

removal of toxic organic pollutants and can serve as a potential nanodrug towards bacterial inactivation 

and biofilm inhibition. The AS@TiO2NP's showed good nature of biocompatibility at the hemostatic 

condition and insignificant cytotoxicity against 3T3L1 normal cell lines and significant antiproliferation 

activity to cancerous triple negative MDAMP231 cell lines compared to standard drug doxorubicin. 

The AS@TiO2NP's are the potential candidate in the near future for bio-medication and industrial 

wastewater treatment. 
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1. Introduction 

Nanotechnology is an emerging field of science that comprises the fabrication and 

characterization of nanomaterials for various applications such as medical, agricultural, and 

environmental pollution control [1]. At present, nanotechnology-based industries are growing 

rapidly, and deep investigation into this nanomaterial's health and environmental effects is 

highly needed [2]. Generally, organic and inorganic nanoparticles are produced in the industry. 

Organic nanoparticles are carbon and inorganic nanoparticles, including metal, silver, gold, 

magnetic, titanium dioxide, copper oxide, zinc oxide, and sulfide. Among inorganic 

nanoparticles, titanium dioxide nanoparticles (TiO2NP's) are preferably used in the preparation 

of cosmetics, sunscreen lotions, and as a photocatalyst. TiO2 is an important, highly stable 

material in aqueous solutions that is resistant to acidic and alkaline media; it is also easily 

recyclable, inexpensive, and non-toxic compared to other metals. It has been reported that the 

photocatalytic characteristics of TiO2 are gained from the development of photo-generated 

charge carriers (holes and electrons) that are produced by UV light absorption [3]. 

Environmental pollution is considered one of the major concerns in general, and water 

pollution is prevalent all over the world. Textile, paper, and other industries are consuming 

various types of synthetic organic toxic dyes that are being directly released in large amounts 

into water bodies without proper treatment every day. The discharge of such toxic dyes into 

water bodies and soil environments affects water quality. It has also been found to act as a 

powerful mutagenic agent, eventually causing cancer and other disorders in aquatic organisms, 

animals, and humans [4]. In textile industries, various types of color dyes are being routinely 

utilized by 10–15% for producing colored fabrics. About 7–105 tons of dye substances are being 

released into the environment from textile industries alone. Almost 10,000 different colors of 

dyes are presently available for commercial applications. It is reported that most color dyes are 

highly toxic and carcinogenic to humans and animals and are also responsible for causing 

kidney problems, liver damage, and cancer [5]. It has been identified that the highly toxic 

property of crystal violet dye can cause not only cancer but also methemoglobinemia, 

inflammatory response in the gastrointestinal tract, cytogenetic toxicity, eye irritation, etc. The 

degradation of toxic organic dyes has been achieved using different techniques such as 

flocculation, electrocoagulation, UV-light degradation, and activated carbon [6]. Though 

various methods, such as adsorption, ion exchange, flocculation, etc., have been used to 

decrease the hazardous impact of dyes in the recent past, these procedures could not effectively 

remove or degrade the dye completely, and it caused additional pollution to the environment 

[7]. Among various methods used for dye removal, the nanotechnology-based photocatalytic 

dye degradation method under solar irradiation is considered the best way to remove the 

existing dye pollutant residues in the environment, including soil and water bodies. As a result, 

there is an urgent need to implement novel methods for reducing the toxic effects of textile 

dyes through degradation using nanocatalysts synthesized using a green chemistry approach. 

Green chemistry-based nanotechnology has been widely adopted over physical and 

chemical methods due to its eco-friendly approach, synthesis on a large scale, and low cost [8]. 

With the help of stabilizing or capping bioactive molecules, the possibility of extracellular 

production of nanomaterials using an aqueous medium has been widely adopted in the recent 

past [9]. TiO2NP's show an effective role in photocatalytic activity to effectively remove 

pollutants from contaminated environments due to the efficient degradation of organic dyes 

and phenol. It has been reported that the TiO2NP's showed enhanced photocatalytic activity 
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due to their thermodynamic stability, relative non-toxicity, and strong oxidizing power. Green 

chemistry-based nanotechnology is identified as an alternative way to decrease the textile color 

dyes by using metallic NPs exposure through the mechanism of photocatalytic degradation by 

using solar irradiation; because these non-degradable dyes are released from textile industries 

that pollute the soil, water sources, and environment globally. Recently, plant-medicated in 

vitro synthesis of various nanoparticles, including TiO2NP's has several advantages over other 

biological methods, and it is a rapid method for extracellular synthesis of nanoparticles on a 

large scale [10]. 

The potential antimicrobial activities of various metallic nanomaterials synthesized 

using different plant extracts via green chemistry methods have been described earlier. 

However, the conjugation of nanodrugs with antibiotics such as chloramphenicol, kanamycin, 

ampicillin, and erythromycin to AgNPs has also shown increased antimicrobial activity [11]. 

A biofilm is a form of a sticky gel consisting of polysaccharides, proteins, and other organic 

components on a wet surface area as well as in different clinical, industrial, and food processing 

environments. In addition, biofilm development in drinking water may lead to severe health 

and economic problems [12]. Nowadays, Pseudomonas aeruginosa is considered one of the 

most common nosocomial infections causing life-threatening agents. It causes various types of 

acute and chronic infections such as cystic fibrosis, burns, and urinary tract infections in 

humans. Also, it is difficult to either control or eradicates due to its high incidence of resistance 

to antimicrobial agents and biofilm formation. Further, various human pathogenic 

microorganisms have already developed resistance to commercially available antibiotic drugs 

that are commonly recommended to treat the infectious diseases causing methicillin-resistant 

Staphylococcus epidermidis (MRSE) and methicillin-resistant Staphylococcus aureus 

(MRSA). 

Nanoparticles will react in an excellent way to degrade such biofilms and can inhibit 

further biofilm formation. Various plant extracts, including Alternanthera sessilis, are being 

used as capping and reducing agents for the biological synthesis of nanoparticles and are mostly 

used for environmental, biomedical, and pharmaceutical applications [13]. The anti-biofilm 

effect of metallic nanoparticles synthesized using plant extracts has been reported against 

biofouling bacterial strains such as P. aeruginosa and S. epidermidis demonstrating the 

antibiofilm activity of silver nanoparticles against E. coli and K. pneumonia. Prasannaraj and 

Venkatachalam described the efficient anti-biofilm activity of AgNP's engineered using 

various medicinal plant species, viz., Centella asiatica, Plumbago zeylanica, and Semecarpus 

anacardium. Earlier, Firdhouse and Lalitha [14-15] described the cost-effective biosynthesis 

of AgNP's using Alternanthera sessilis plant extracts and reported the enhanced cytotoxic 

activity against prostate cancer cells (PC3) by MTT assay. Ittiyavirah and Hameed reported the 

green synthesis of AgNP's using the ethanolic extract of A. sessilis (Linn.) and evaluated its 

anti-parkinsonian activity using an oxidative stress model of Parkinsonism using Rotenone. 

Recently, gold nanoparticles were synthesized using Alternanthera philoxeroides, and their 

antimicrobial activity was studied by Bhattacherjee [16]. Alternanthera bettzickiana plant 

extract was used to fabricate gold nanoparticles. The synthesized AuNPs exhibited efficient 

antibacterial activity against Bacillus ubtilis, Enterobacter aerogenes, Micrococcus luteus, 

Pseudomonas aeruginosa, Staphylococcus aureus, and Salmonella typhi. Also, the 

biosynthesized gold nanoparticles were tested to assess the cytotoxicity against A549 human 

lung cancer cell lines, and the results confirmed the efficient anticancer activity of the AuNPs 

[17]. Despite a few reports demonstrating the synthesis of nanoparticles and their antimicrobial 
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growth-inhibiting effects, studies pertaining to A. sessils leaf extract mediated synthesis of 

titanium nanoparticles, and their photocatalytic and biomedical applications are scanty. 

Therefore, the major focus of the present investigation was to bio-fabricate metallonanotitania 

catalysts using Alternanthera sessilis plants, which are available in large quantities and yet to 

be studied towards photocatalytic potential towards toxic textile dyes. 

In this study, we mainly focused on rapid green engineering and characterization of 

biomolecule-wrapped AS@TiO2NP's using aqueous leaf extracts of A. sessilis. The 

synthesized AS@TiO2NP's were assessed for antibacterial activity and antibiofilm against 

perilous. The dye degradation was addressed against methylene blue and methyl orange. The 

stability and biocompatibility of AS@TiO2NP's detailed. The cytotoxicity of AS@TiO2NP's 

was tested on non-cancerous and cancerous triple negative cancer cell lines. 

2. Materials and Methods 

2.1. Chemicals and bacterial strains. 

All the chemicals used in this study were of analytical grade. All lyophilized bacterial 

strains were procured from Microbial Typing Culture Collection (MTCC), Chandigarh, India, 

and American Tissue Culture Collection (ATCC). Escherichia coli-1610, Pseudomonas 

aeruginosa-1688,  Staphylococcus aureus-96, and Bacillus cereus-430 strains were cultured in 

recommended broth as per the revival procedure provided by MTCC and ATCC. All the cell 

lines were procured from ATCC 

2.1.1. preparation of aqueous leaf extract. 

In our previous study Sowmya et al. [18], a collection of plant and tissue culture 

techniques was represented in our previous study. Five grams of freshly generated A. sessilis 

plant tissues were placed in a 250 mL glass beaker containing 100 mL of MilliQ water. The 

beaker was microwaved for 2 min (LG microwave, 800 W) for 5 mins. After cooling, the 

extract was filtered through a Whatman filter No. 1 and a 0.22 µm nitrocellulose filter syringe 

to remove impurities. The extract was stored at 8o C until further processing. 

2.2.Green synthesis of AS@TiO2NP's by using tissue cultured A.sessilis leaf extracts. 

For fabrication of AS@TiO2NP's, about 25 mL of filtered aqueous leaf extract was 

thoroughly mixed with 5 mM of 225 mL of TiO2 solution. The reaction mixture was placed 

under light irradiation at room temperature for 24 h while the control setup was also kept 

without leaf extract. The occurrence of a color change indicates the formation of 

AS@TiO2NP's. The reaction mixture was centrifuged at 8000 rpm for 10 min at room 

temperature. After carefully removing the supernatant, the nano pellets were collected and 

dissolved with MilliQ water. The dissolved AS@TiO2NP's were washed thoroughly with 

MilliQ water, and the purified nanoparticles were kept for drying at 42°C. The dried 

nanoparticle powder was further utilized for characterization [19]. 

2.2.1 UV-Vis spectroscopy. 

The formation of AS@TiO2NP's was assessed frequently by using a UV-visible double-

beam spectrophotometer (UV-1800, Shimadzu, Japan) at the wavelength of 300-700nm to 

observe the surface plasmon resonance (SRP). 
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2.2.2. Dynamic light scattering (DLS) and Zeta size measurements analysis. 

The synthesized AS@TiO2NP's size distribution and stability were observed in 

accordance with Prasad et al. [20] with a Microtrac particle size analyzer (Montgomeryville, 

USA). The autoanalyzer provides a size distribution pattern of AS@TiO2NP's. 

2.2.3. Fourier transform infrared spectroscopy (FT-IR) analysis. 

Further, the AS@TiO2NP's nanoparticles were analyzed by Fourier transform infrared 

spectroscopy (FT-IR) for the presence of possible functional groups involved in the formation 

of nanoparticles (FT-IR Perkin-Elmer model spectrum RXI). Finally, the dried nanoparticle 

powder was compressed into a thin KBr disc within the range of 4000 to 400 cm–1 in 

transmittance mode. 

2.2.4. Scanning electron microscopic (SEM) and energy dispersive spectroscopic (EDX) 

analysis. 

To elucidate the morphological structure of the synthesized AS@TiO2NP's, one drop 

of diluted AS@TiO2NP's was placed on a carbon-coated copper plate to air dry in-vacuum. 

The scanning electron microscopic analysis (SEM, HITACHI (S-3400N, Japan)) was 

performed with 10k voltage, and EDX analysis was used to confirm the presence of Ti ion on 

AS@TiO2NPs with the HITACHI (Noran System 7, Oklahoma City, USA) system attached to 

SEM [21]. 

2.2.5. X-ray diffraction analysis. 

The crystalline nature of AS@TiO2NP's stability and particle size distribution were also 

characterized by X-Ray diffraction (XRD) experimental analysis. The XRD experiment was 

carried out on Rigakuminiflex II operated at a voltage of 40 kV, a current of 30 mA, and a scan 

rate of 10°C/min with Cu-Kα radiation in a θ–2θ. UV-visible spectral analysis [22]. 

2.3. Colloidal stability. 

100 µg/mL of synthesised AS@TiO2NP's were dissolved in millipore water, and the 

solution colloidal stability was assessed using UV-Vis spectroscopy at 390 nm over a period 

of time [23]. 

2.4. Study on stability of AS@TiO2NP's with respect to pH, salinity, and temperature. 

The stability of the synthesized AS@TiO2NP's was studied by varying the ionic 

strength in the aqueous medium (NaCl) from 0.2 to 1 M at a balanced pH. In the same way, the 

consistency of AS@TiO2NP's was monitored for temperature from 30-90oC and pH 2-10, 

respectively [24]. 

2.5. Antibacterial activity of AS@TiO2NP's by disc diffusion assay. 

To evaluate the antimicrobial potential of AS@TiO2NPs, four human pathogenic 

bacteria were used, viz, E. coli, S. aureus, P. aeruginosa, and B. cereus,and antimicrobial 

efficacy was determined using the disc method on nutrient agar plates. The nutrient agar 

medium was sterilized by autoclaving at 121°C for 15 min. About 20 mL of sterilized medium 

was dispensed into each sterile Petri plate and kept inside the laminar airflow hood for 
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solidification of the medium. About 100 µL of overnight bacterial culture was aliquoted onto 

plates and was evenly spread using a glass spreader. Finally, the sterile discs (6 mm) were 

carefully placed on a nutrient agar medium by opening the Petri dishlid. 6 µL of different 

concentrations of AS@TiO2NPs was dispensed to discs in the same way as plant extract was 

compared to standard antibiotic (streptomycin). Subsequently, the nutrient agar plates were 

placed inside the bacteriological incubator and maintained at 37°C for 12 h. The zone of 

bacterial cell growth inhibition rate was calculated by using a scale and expressed in mm [25]. 

2.6. Bacterial cell damage by Scanning electron microscope (SEM). 

The S. aureus and P. aeruginosa cultures were used for cell membrane damage studies 

by treating them with double the minimum inhibitory concentration of AS@TiO2NP'sfor 2 h. 

The treated culture was centrifuged at 1000 rpm for 5 min. Finally, cells were smeared on a 

glass slide with the help of 2.5% glutaraldehyde in a phosphate buffer solution. The deposited 

cells were treated with 30–100% ethanol stepwise to dry, and SEM images were taken after 2 

days [26]. 

2.7. Measurement of the influence of AS@TiO2NP's on antibiofilm activity. 

The anti-biofilm activity of AS@TiO2NP's was studied qualitatively and quantitatively 

by the method adopted [27]. Briefly, 100μL of S.aureus and P. aeruginosa cell culture was 

dispensed in a separate tissue culture plate containing 1800μL of BHI broth supplemented with 

glucose. To each well, dispense a different graded concentration of AS@TiO2NP's and 

incubate at 37°C for 18 h. The biofilm-developed wells were washed thrice with sterile 

phosphate buffer solution, and cells were fixed by adding 250μL of methanol for 20 min, air 

dried, and stained with 0.5% crystal violet for 15 min. The wells were allowed to dry 

completely and washed thrice to remove the excess stain. Finally, 150 μL of 95% ethanol was 

added to elute the dye. The OD of the eluent was measured at 490 nm in a microtiter plate 

spectrophotometer. All assays were performed in triplicates. 

2.8. Catalytic degradation of methyl orange (MO) and methylene blue (MB). 

The dye degradation activity of AS@TiO2NP's was evaluated to quantify the 

degradation effects of methyl orange and methylene blue dyes by using sodium borohydride as 

a catalyst to accelerate the reaction process [28]. 10mL of each dye (100 ppm) was dispensed 

in a separate glass tube containing 1 mL of NaBH4 (1 g in 10 mL) and then treated with different 

concentrations of synthesized AS@TiO2NP's. Every 5 minutes, the dye degradation was 

recorded at max 460 and 664 for MO and MB, respectively. The percentage of dye degradation 

was calculated by using the formula. 

C (%) = [A0 – At]/ A0 × 100 

where A0 = Absorbance of untreated dye, At = Absorbance of treated dye with 

AS@TiO2NP'sat different interval is time and C = percentage of dye degradation [29]. 

2.9. Bio-compatibility. 

2.9.1. RBC's hemolysis rate. 

The various concentrations of AS@TiO2NP's(1.5, 3.1, 6.75, 12.5, 25, and 50 mg/kg) 

were dispensed to freshly drawn sheep blood, incubated at 37°C for 30 min and centrifuged at 
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3000 rpm for 5min. The absorbance of the supernatant was measured at 545 nm. The hemolysis 

rate (HR) was calculated using the below formula [30].  

HR= OD treated − OD negative control / OD positive control – OD negative control 

x100.  

Samples were considered highly hemocompatible if HR<5%, hemocompatible if 

HR<10%, and non-hemocompatible if HR > 20% [30]. 

2.10. Cytotoxicity of AS@TiO2NP's against normal and cancerous cell lines. 

2.10.1.Preparation of cell lines and culture medium. 

All cell lines were obtained from the ATCC gene bank and sub-cultured in DMEM 

supplemented with 10% inactivated Fetal Bovine Serum (FBS), penicillin (100 IU/mL), and 

streptomycin (100 g/mL) at 37oC in a humidified atmosphere of 5% CO2. The cell was 

dissociated with a cell-dissociating solution (0.2 % trypsin, 0.02 % EDTA, 0.05 % glucose in 

PBS). The viability of the cells is checked and centrifuged. In addition, 50,000 cells were 

inoculated per well in a 96-well plate and incubated for 24 hours at 37oC in a 5% CO2 incubator 

[31].  

2.10.2. MTT assay. 

The monolayer cell culture was trypsinized, and the cell count was adjusted to 5 x 105 

cells/mL using a medium containing 10% FBS. To each well of the 96-well microtiter plate, 

100µL of the diluted cell suspension (50,000 cells/well) was added. After 24 h, when a 

monolayer was formed, the supernatant was flicked off, the monolayer was washed once with 

medium, and 100µL of different test concentrations of test drugs were added to the monolayer 

in microtiter plates. The plates were then incubated for 24 hours at 37oC in a 5% CO2 

atmosphere. After incubation, the test solutions in the wells were discarded, and 100 µL of 

MTT (5 mg/10mL of MTT in PBS) was added to each well. The plates were incubated for 4 h 

at 37°C in a 5% CO2 atmosphere. After removing the supernatant and adding 100 µL of DMSO 

to dissolve the formed formazan, the plates were gently shaken. The absorbance was assessed 

using a microplate reader at a wavelength of 590 nm. The concentration of the test substance 

required to reduce cell growth by 50% and calculate the percentage growth inhibition was 

calculated using the formula below (IC50 ). Values were generated from the dose-response 

curves for each cell line [32]. 

Inhibition is calculated as ((OD of Control - OD of Sample)/OD of Control) x 100.  

2.11. Statistical analysis 

For statistical analysis, each experiment was carried out with three replicates and 

repeated all the experiments at least thrice. All data obtained were statistically analyzed by 

applying ANOVA. Data were presented as the mean ± standard error (SE). The mean 

separations were carried out using Duncan's multiple range tests, and significance was 

determined at the P>0.05 % level [33]. 
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3. Results and Discussion 

3.1. Synthesis and characterization of AS@TiO2NP's. 

The AS@TiO2NP's were synthesized by adding Alternanthera sessilis plant tissue 

extract as a reducing agent to 5 mM TiO2. The formation of the AS@TiO2NP's was confirmed 

by changing the white color suspension to a creamy yellow color. The UV- Vis spectral pattern 

established the color change of colloidal AS@TiO2NP's. The surface plasmon resonance 

(SPR) of AS@TiO2NP's showed maximum absorption at 390 nm, and the stability of the NP's 

was confirmed even after one month (Figure 1). The color arises because of the excitation of 

surface plasmon resonance (SPR) of the TiO2NPs. Sankaret al. reported similar color 

alterations during the synthesis of TiO2NPs using Azadirachta indica leaf extracts [34]. 

 
Figure 1. Biogenic synthesis and UV–Vis spectra of A. sessilis plant tissue titanium nanoparticles 

(AS@TiO2NP's). (A) Aqueous 5 mM TiO2 solution, (B) A. sessilis plant tissues extract,(C)AS@TiO2NP 

formation, and (D)The synthesized AS@TiO2NP's was dissolved in MilliQ water, and spectral readings were 

recorded from 300 to 900 nm wavelength ranges, which also represent the stability of the nanoparticles even 

after one month. 

The absorbance spectrum was extremely sensitive to the nature, size, and shape of the 

nanoparticles produced, their inter-particle distances, and the surrounding medium. Moreover, 

a variation in the biological material concentration is known to influence nanoparticle 

synthesis. Initially, the UV-visible spectroscopy analysis was performed to measure the 

reduction of titanium ions in the reaction solution. It is well known that the optical absorption 

spectrum of metal nanomaterials is dominated by the surface plasmon resonance that shifts to 
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longer wavelengths with increasing nanoparticle size due to the interaction of capping agents 

present in the leaf extract[35]. Generally, the number of SPR peaks decreases as the symmetry 

of the nanoparticles increases. In the present study, the TiO2 NPs formation was confirmed by 

a spectrum at 390 nm. Metallic titania nanoparticles can be synthesized by reducing metal ions 

with some chemical molecules, whereas in photosynthesis, plant material extracts containing 

biological macromolecules are thought to act as a reducing agent for the development of 

nanoparticles in the reaction mixture. Umar and Cumbal also recorded an absorption peak at 

350 nm for the synthesis of TiO2 NPs nanoparticles using Citrus paradsi peel extract. Ganesan 

et al. observed the UV spectrum at 332 nm for producing nanotitania catalysts using A. 

altissima leaf extracts[36]. The Fourier transform infrared spectroscopy (FT-IR) analysis was 

performed to identify the possible functional groups that are involved in the bio-reduction of 

titania nanoparticles. The general observation of the FT-IR data confirms some bioactive 

compounds bound to the surface of bioengineered AS@TiO2NP's that could be responsible for 

the bio-reduction, capping, and stabilization of nanomaterials (e.g., phenolic compounds, 

organosulfur compounds, amino acids, and carbohydrates). 

FT-IR data exhibited the potential functional groups available in the leaf extracts of 

Alternanthera sessilis that are believed to be responsible for forming AS@TiO2NP's (Figure 

2). The FT-IR spectrum shows the absorption peak at 3435.89 cm-1 corresponding to O-H 

bending, which indicates the presence of alcohol and phenol groups. The spectra at 1643.69.83 

cm-1 correspond to a C-O stretch, indicating the occurrence of ether and alcohol groups, 

respectively. Other absorption peaks at 1033.90 cm-1 (C-N stretch), 691.76 cm-1 (C-H stretch), 

and 1643.69 cm-1 (C-C stretch) may indicate the possible presence of aliphatic amines, 

aromatic and C=C, respectively. It is believed that these bioactive compounds might have been 

involved in the bio-reduction of AS@TiO2NP's. Santhosh Kumar et al. [37] also reported 

similar functional groups from Psidium guajava plant extract. Earlier studies show that the 

phenolic molecules, carboxylic acids, amines, and amides from different plant extracts are 

responsible for the bioreduction process, while the stability of AS@TiO2NP's might be due to 

the presence of free amino and carboxylic groups. The particle size, shape, and distribution of 

colloidal particles of AS@TiO2NP's were assessed by DLS and SEM, which indicated the 

AS@TiO2NP's average 69 nm with 6.5 mV by DLS. The SEM image analysis confirmed the 

surface and morphology of the synthesized AS@TiO2NP's and found them to be crystalline in 

shape (Figure 3A & B). 

 
Figure 2.FT-IR spectra of AS@TiO2NP's. (A) Indicate the plant extract and (B) AS@TiO2NP's. 
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The XRD analysis of AS@TiO2NP's displays several size-dependent features, leading 

to an irregular peak position, height, and width. The XRD result confirms the crystalline nature 

of the green synthesized AS@TiO2NP's. Diffraction peaks were linked to the 2θ values of 

25.17°, 37.73°, 47.91°, 53.83°, 54.96°, 62.71°, and 75.2°, which correspond to the (101), (004), 

(200), (105), (211), (118) and (215) planes of the standard cubic phase of titanium. The 

existence of diffraction peaks matched the standard data files (JCPDS card no: 21-1272) for all 

reflections (Figure 4). Similarly, XRD analysis of TiO2 nanoparticles exhibited a crystalline 

nature with the same 2θ value at 25.32 anatase form of 101 rutile using the green synthesis 

method [38]. 

 
Figure 3. (A) The size distribution of synthesized AS@TiO2NP's, (B) Scanning electron microscope image of 

spherical AS@TiO2NP's. 

 
Figure 4. XRD analysis of AS@TiO2NP's diffraction peaks were linked to the 2θ values of 25.17°, 37.73°, 

47.91°, 53.83°, 54.96°, 62.71°, and 75.2° which corresponds to the (101), (112), (200), (105), (211), (116) and 

(215) planes of the standard cubic phase of titanium. 

Energy dispersive X-ray (EDX) analysis exhibits a strong peak which confirms the 

presence of titanium ions in the synthesized nanoparticles (Figure 5). The present results are in 

agreement with an earlier report on the synthesis of titanium dioxide nanoparticles in different 

plant species, including Mangifera indica and Azadirachta indica plant extracts, Parthenium 

hysterophorus, and Euphorbia hirta [39]. 

3.2.The colloidal stability of AS@TiO2NP's in induced pH, temperature and salanity. 

Different pH ranges from 2 to 10 were used to study the impact of pH on AS@TiO2NP's 

stability. As per the data, AS@TiO2NP's was most stable at a pH of 8, as shown by the 
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absorbance at 390 nm (Figure 6A). By dissolving AS@TiO2NP's in PBS with 0.2-1 M NaCl, 

the ionic strength of the material was assessed, and absorbance was assessed using UV-Vis 

spectra. A distinctive peak for AS@TiO2NP's is located at 390 nm. The data showed that 

AS@TiO2NP's was stable up to 0.4 M and that, above this concentration, the peak was 

broadened (Figure 6B). Finally, the effect of temperature at 30 and 90 °C was investigated. In 

the 30 –70 °C range, AS@TiO2NP's remained stable (Figure 6C). 

 
Figure 5. Energy dispersive X- ray (EDX) analysis of AS@TiO2NP's. 

 
Figure 6. Stability of AS@TiO2NP's with respect to (A) pH, (B) temperature, and (C) salinity. 

3.3. Antibacterial activity of AS@TiO2NP's. 

The antimicrobial efficacy of the AS@TiO2NP's was examined using the extended-

spectrum β-lactamase (ESBL) producing Gram-negative P.aeruginosa, and E.coli, Gram-

positive methicillin-resistant S. aureus (MRSA), and B. cereus bacterial strains by growth 

inhibition test (Figure7). The results of the antimicrobial effects of AS@TiO2NP's exposure 

are depicted in Table 1. Results of this investigation clearly showed the zone of bacterial cell 

growth inhibition around each disc placed on agar plates treated with AS@TiO2NP's, leaf 

extract, and antibiotics (Figure 7A, B, C & D). The highest rate of growth inhibition recorded 

was 27.42 mm to E.coli at 100 µg/mL of TiO2NPs dose, followed by P. aeruginosa (24.40 

mm), S. aureus (23.80 mm) and B. cereus (17.80)(Figures 7C, D, E & F). The present results 

strongly suggest that gram-negative bacterial strains were found to be more susceptible to the 
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exposure of AS@TiO2NP's than gram-positive bacterial strains. It is assumed that the 

occurrence of various bioactive compounds in the leaf extracts might be one of the reasons that 

they could be slowly released from AS@TiO2NP's during the exposure in a sustainable manner 

on the bacterial cell surface and may induce apoptosis by inhibiting the bacterial cell respiration 

mechanism and permeability. Thei's a possible mode of action could be related to its attachment 

with bioactive molecules of the thiol group found in the respiratory enzymes of pathogens. 

Furthermore, Ti ion interrelation with the bacterial cell membrane may influence the 

cell respiratory enzyme level by degrading DNA or proteins, which could eventually suppress 

the bacterial cell's growth. Present observations are in agreement with earlier reports, including 

Sundrarajan et al. [40], who reported an efficient anti-bactericidal efficacy of titanium dioxide 

nanoparticles with pathogenic bacterial isolates. Similarly, Keerthika et al. [41] also reported 

that AS@TiO2NP's catalysts exhibited remarkable antimicrobial effects against both gram-

positive as well as gram-negative bacterial pathogens. It has been reported that the cell wall of 

gram-positive bacterial strains has a thick and rigid peptidoglycan layer and lipoteichoic acids 

that have a strong negative charge. This might be considered one of the possible reasons for 

showing lower antibacterial activity with gram-positive bacterial strains than with gram-

negative bacteria. 

 
Figure 7. Antibacterial activity of AS@TiO2NP's against perilous pathogenic bacteria. The disc diffusion assay 

was done to measure the MIC values of AS@TiO2NP's against disease-causing pathogens. A, B, C, and D: 

Images depict A. sessilis plant tissues extracted at different concentrations against E. coli, P. aeruginosa, B. 

cereus, and S. aureus, respectively, in comparison to streptomycin drug (10 µg/disc). E, F, G, and H: Images 

represent the AS@TiO2NP'sin various concentrations against E. coli, P. aeruginosa, B. cereus, and S. aureus, 

respectively. 

3.4. Bacterial cell damage study.  

The scanning electron microscopic images of the bacterial cell damage of S. aureus and 

P.aeruginosa cells treated with AS@TiO2NP's are presented in Figure 8. In the untreated 

sample, the surface of bacterial cells was smooth and showed typical characteristics of the 

surface of native cells, such as smooth and intact, while cells treated with NPs appeared 

severely damaged. Some cells showed large leakage, while others were misshapen with many 

pits and gaps in their membrane [42]. 
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Table 1. Antibacterial activity of A. sessilis plant tissues and AS@TiO2NP's against perilous pathogens. 

Values are means of three independent replicates(n=1) ± indicate standard errors. Means followed by the same letter(s) within the same column are not significantly (P<0.05)  

difference according to Turkey'sHSD. 

Test 

Microorganisms 
AS@TiO2NP's (Zone of inhibition in mm) 

 25 µg/mL 50 µg/mL 75 µg/mL 100 µg/mL Streptomycin 10μg Negative control 

Gram-positive   

Staphylococcus aureus 16.40±0.04b 18.60±0.06b 20.62±0.08b 23.80±0.03c 22.60±0.08a NI 

Bacillus cereus 9.40±0.01d 10.20±0.02d 12.60±0.01d 17.80±0.02d 20.30±0.08b NI 

Gram-negative   

Escherischia coli 18.82±0.05a 22.10±0.04a 24.12±0.06a 27.42±0.07a 12.80±0.04d NI 

Psuedomonas aeruginosa 14.64±0.04c 16.80±0.05c 19.20±0.06c 24.40±0.08b 16.40±0.06c NI 

Test 

Microorganisms 

A. sessilis  plant tissues extract (Zone of inhibition in mm) 

250 µg/mL 500 µg/mL 750 µg/mL 1000 µg/mL Streptomycin 10μg Negative control 

Gram-positive  

Staphylococcus aureus NI NI NI NI 22.60±0.08a NI 

Bacillus cereus NI NI NI NI 20.30±0.08b NI 

Gram-negative  

Escherichia coli NI NI NI NI 12.80±0.04d NI 

Pseudomonas aeruginosa NI NI NI NI 16.40±0.06c NI 
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Figure 8. The cell membrane damage was shown in the SEM images. Compared to that of control, S. aureus 

and P. aeruginosa, after incubating with AS@TiO2NP's for 2 h, showed changes in their respective membranes 

(A and B) (without treatment). Arrow marks demonstrated the membrane change. 

3.4. Effect of AS@TiO2NP's on antibiofilm activity. 

Biofilm is considered a protective coat of aggregated bacterial cells associated with the 

substratum and consists of extracellular polysaccharides (EPS) that could play an important 

role during pathogenesis and is also responsible for extending various infectious diseases, 

particularly at the time of medical implant treatments. Both P. aeruginosa and S. aureus 

bacterial strains might exhibit acute resistance by developing biofilm coats and becoming 

resilient to host immune responses and antibiotics. Bacterial growth could be effectively 

controlled by antibiotic treatment. However, the possibility of individual pathogens may exist 

if the development of slime decreases virulence. This incidence may reinitiate the disease again 

even after completing the treatment. Therefore, it is a prerequisite to controlling biofilm 

formation by nanoparticle treatment, and it is considered a promising tool to resist the MDR 

bacterial strains. Therefore, the major focus of this investigation was to investigate the potential 

antibiofilm performance of biomolecules coated with AS@TiO2NP's against gram-positive and 

gram-negative human pathogens. To assess the antibiofilm activity, various doses of 

biomolecules coated with AS@TiO2NP's (250, 500, 750, and 1000 µg/mL) were tested against 

P. aeruginosa and S. aureus. The results of antibiofilm activity induced by AS@TiO2NP's 

exposure are presented in Figure 8. The frequency of antibiofilm efficacy upon exposure 

toAS@TiO2NP's catalysts ranged from 55.22, 43.07, 31.059, 22.29 % and 43.62, 15.32, 10.60, 

6.87 % for S. aureus and P. aeruginosa respectively (Figure 9A & B). It is noteworthy to 

indicate that the formation of biofilm was decreased with increasing the concentration of 

AS@TiO2NP's. Results suggest that AS@TiO2NP's exposure showed potent inhibition of 

biofilm development by S. aureus as well as P. aeruginosa due to the slow and sustainable 
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release of biomolecules coated with Ti ions into the medium in a concentration-dependent 

manner. 

 
Figure 9. Antibiofilm activity of AS@TiO2NP's against S. aureus and P. aeruginosa. (A) images Aa and Ab 

represent the qualitative and quantification of antibiofilm activity against S. aureus. (B) images Aa and Ab 

represent the qualitative and quantification of antibiofilm activity against P.aeruginosa. 

The present observation was consistent with the safranin staining test, and the results 

strongly suggest that bioactive molecules coated with AS@TiO2NP could play a pivotal role 

in the detected biofilm inhibition test. Due to the presence of water channels in the biofilm, 

metallic AS@TiO2NP's can effectively transmit via the cell membrane exopolysaccharide 

layer, eventually inhibiting bacterial cell growth. Similarly, a significant reduction of biofilm-

forming ability was observed in the presence of titanium dioxide nanoparticles, suggesting a 

decreased level of EPS production. The present results strongly suggest that biomolecule-

coated AS@TiO2NP's serve as potential nanodrugs for bacterial cell growth inactivation and 

interruption of biofilm development. 

3.5. Dye degradation activity of AS@TiO2NP's. 

The revealed data suggests that the toxic dye was gradually degraded due to the 

presence of AS@TiO2NP's. It is assumed that the occurrence of high frequencies of dye 

degradation was due to the presence of various bioactive compounds on the surface of the 

AS@TiO2NP's. Further, this result confirms that the AS@TiO2NP's can effectively degrade 

the toxic organic pollutants within 15 min, and that these AS@TiO2NP's were found to be 

highly stable for dye degrader applications (Figures 10 & 11) &Table 2. It is noteworthy that 

the bio-fabricated AS@TiO2NP's acted as an efficient anionic and cationic degradation of toxic 

organic dyes because of their strong oxidizing power, non-toxicity, and long-term stability. 

Ba b

ba

A

B
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Current results strongly suggest that AS@TiO2NP's can be applied to remove toxic dyes in 

contaminated environments due to their low cost and high photostability properties. Moreover, 

the green-engineered AS@TiO2NP's can be used as a promising nanocatalyst for the potential 

degradation of toxic organic dyes that are non-biodegradable.  Similarly, AS@TiO2NP's was 

successfully used for the effective activity of industrially important organic toxic dyes 

synthesized using extracts of Parthenium hysterophorus and Euphorbia hirta. 

 
Figure 10. Dye degradation study of methyl orange (MO). (A) and (B) Represent the color imagining of MB 

dye degradation after treatment with AS@TiO2NP's at 5 and 15 min intervals. 
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Figure 11. Dye degradation study of methylene blue (MB). (A) and (B) Represent the color imagining of MB 

dye degradation after treatment with AS@TiO2NP's at 5 and 15 min intervals. 
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Table 2. % of dye degradation of MO and MB in the presence of NaBH4 catalyst and different concentrations of 

AS@TiO2NP's. 

Volume used (mL) 

Amount of 

NaBH4 added 

(µg) 

Amount of 

AS@TiO2NP's 

 added(µg)  

Dye degradation (%) 

After 5 min After 10 min After 15 min 

Methyl orange (MO) 

10.0 0.0 0.0 0 0 0 

10.0 100.0 0.0 3.43 8.71 60.00 

10.0 100.0 250 11.28 36.92 90.07 

10.0 100.0 500 17.84 49.74 90.28 

10.0 100.0 750 22.66 58.92 92.66 

10.0 100.0 1000 24.10 67.18 93.66 

Methylene blue (MB)      

10.0 0.0 0.0 0 0 0 

10.0 100.0 0.0 3.32 4.43 5.61 

10.0 100.0 250 3.88 5.26 8.53 

10.0 100.0 500 11.25 16.34 24.76 

10.0 100.0 750 16.45 19.66 27.67 

10.0 100.0 1000 18.00 64.54 70.58 

3.6. Biocompatibility nature of AS@TiO2NP's at hemostatic condition. 

Erythrocytes are maintained in good osmotic condition inside the bloodstream. RBCs 

immediately go through hemolysis and release hemoglobin as a condition of an unbalanced 

osmotic pressure and physical change. After being treated with AS@TiO2NP's, it revealed no 

alterations in the membrane. The colorimetric approach was used to calculate the hemolysis 

rate.The impact of AS@TiO2NP's on erythrocytes was assessed, and the results showed that 

they were biocompatible with no significant hemolysis (5%) at concentrations ranging from 

1.5, 3.1, 6.25, 12.5, and 25 mg/Kg. RBCs significantly changed after the concentration was 

increased to 50 mg/Kg, and hemolysis (6.2%) was evidenced (Figure 12A & B). 

 
Figure 12. Biocompatibility nature of AS@TiO2NP's. (A)The images represent the before and after treatment of 

AS@TiO2NP's with a different concentration on RBCs. (B)% rate of RBCs. 
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3.7. Cytotoxicity and antiproliferation of AS@TiO2NP’s against non-cancerous(3T3L1) and 

cancerous cell lines (MDAMB231). 

According to Behnam et al., data claimed TiO2NPs cause cell death or suppress cell 

proliferation [43]. The interactions between cells and the particles might lead to TiO2 particle-

mediated cell toxicity. Cell toxicity appears related to the surface properties of the TiO2NPs, 

which are crucial to NP effectiveness. This is true even though the relationship between 

physicochemical parameters and potential toxicological effects is unclear. The ROS production 

and the biological impact of TiO2NPs appear to be strongly influenced by the size and surface 

area of the particles [44].  

Furthermore, Other studies show that TiO2NPs have a negative charge and can attach 

to amino acids, specifically if their side chains contain -OH, -NH, or -NH2 [45]. TiO2 NPs may 

therefore react with cell membrane proteins and facilitate interactions between particles and 

cells [46-48]. It appears that cell type, particle concentration, and surface characteristics all 

affect a cancer cell's cytotoxicity. The present investigation data revealed only 32.82% normal 

cell (3T3L1) inhibited at 320 µg/mL compared to the standard drug doxorubicin 28.27 µg/mL 

(IC50) (Figure 13A, B & C). 

Figure 13. Cytotoxicity investigation of AS@TiO2NP's. (A) Microscopic images of control and treated normal 

cell lines 3T3L1 in various concentrations of AS@TiO2NP's and doxorubicin. (B)The picture depicts the % 

growth inhibition of normal cell lines 3T3L1. 

MDA-MB-231 triple-negative breast cancer (TNBC) cell line is extremely aggressive, 

invasive, and poorly differentiated because it lacks the expression of the estrogen receptor 

(ER), the progesterone receptor (PR), and HER2 (human epidermal growth factor receptor 2). 

The AS@TiO2NP'sshowed 70.14 µg/mL sufficient to inhibit the MDA-MB-231(IC50) cells 

with respect to doxorubicin at 17.69 µg/mL is required, and it is more potential drug in coming 

near future (Figures 14 A, B, & C). 
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Figure 14. Cytotoxicity investigation of AS@TiO2NP's.(A) Microscopic images of control and treated 

cancerous cell lines MDAMB231 in various concentrations of AS@TiO2NP's and doxorubicin. (B)The picture 

depicts the % growth inhibition of cancerous cell lines MDAMB231. 

4. Conclusions 

In conclusion, a rapid, simple, and cost-effective green chemistry approach was 

established to synthesize bioactive compounds loaded with titanium dioxide nanoparticles. The 

AS@TiO2NP was characterized using different spectral techniques like UV-Vis spectroscopy, 

FT-IR, XRD, DLX, SEM, and EDX analysis. The colloidal stability of AS@TiO2NP's was 

amply studied with pH, temperature, and salinity. The antibacterial potency of AS@TiO2NP's 

was more lethal against Gram-negative pathogens than Gram-positive ones. The catalytic 

activity of AS@TiO2NP's was more effective on the anionic dye methyl orange (MO) 

compared to the cationic dye methylene blue (MB). 

Furthermore, nano drug prerequisite biocompatibility was investigated under 

hemostatic conditions, and the results revealed a high level of compatibility up to 25mg/Kg. 

The cytotoxicity of AS@TiO2NP's was assessed on non-cancerous and cancerous triple-

negative cell lines. The data indicated that the AS@TiO2NP's could be a potential candidate 

for nanodrug preparation against dangerous human pathogens and industrial wastewater dye 

treatment. 
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