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Abstract- The rise of antibiotic-resistant bacteria poses 

significant health challenges, leading to drug treatment failures. 

Titanium dioxide (TiO2) nanoparticles (NPs) possess unique 

properties such as antibacterial, cytotoxic, optical, catalytic 

characteristics. This study synthesizes TiO2 NPs using 

Calotropis procera leaf extract having particles size 10-50 nm. 

Antimicrobial efficacy was assessed against gram-negative and 

gram-positive bacteria using Kirby’s disc diffusion assay at 

various concentrations. Cytotoxicity on cancer cell lines was 

evaluated via MTT assay and histological examinations 

determined the impact of TiO2 NPs on kidney and liver tissues of 

albino mice. The study found increased serum biochemical 

parameters (ALT, AST, ALP, urea), while creatinine and total 

bilirubin levels were significantly decreased (p<0.005). 

Maximum inhibition zones were observed at 40mg/ml, with 

antibacterial activity ranked as S. aureus > E. coli > K. 

pneumoniae > E. faecalis. Toxicity increased with higher 

nanoparticle concentrations, evidenced by cell swelling, 

hepatocyte necrosis, glomerulus degeneration, and nephritic 

tubule damage. The green-synthesized TiO2 NPs showed 

effective antibacterial agents for future biomedical applications. 

Index Terms- Titanium dioxide, Calotropis procera, 

Antibacterial, HepG2, MTT assay 

 

I. INTRODUCTION 

anoscience is a well-known branch of science that deals 

with the essential properties of nanoparticles. A vast 

spectrum of immediate therapeutic and anti-microbial 

possibilities in nanotechnology has emerged. Due to its 

extraordinary physicochemical and morphological 

characteristics, it is also being used in numerous disciplines, 

including biomedicine, biosensing, MRI, targeted drug delivery, 

phytopathology, and agriculture biotechnology [1,2]. Moreover, 

the high surface-to-volume ratio, high catalytic activity and 

excellent adsorption ability are the unique properties of 

nanoparticles [3]. Based on these characteristics, several biogenic 

manufactured nanoparticles like Titanium, Iron oxide, Copper, 

Gold, and Silver are used as anticancer and antifungal agents in a 

variety of sectors [4,5]. Microbial illnesses have been the 

primary cause of death and resistant bacteria are endangering 

global public health day by day [6]. Presently, multidrug-

resistant (MDR) tuberculosis is the main reason that causes about 

230,000 of the 700,000 annual deaths due to resistant infections. 

By 2050, it is anticipated that drug-resistant illnesses will result 

in 10 million fatalities annually [7]. The plentiful dispersion of 

fungus spores in the soil and the air is also responsible for the 

remarkable rise in the incidence of fungal illnesses over the past 

several decades [8].  

To overcome antibiotic resistance, the development of novel 

medications and advanced strategies are required [6,9]. The 

WHO strongly focuses on developing new antibiotics to combat 

diseases with resiliency [10]. Over the past ten years or more, 

there has been a significant increase in the risk of biological and 

bacterial attacks, particularly in areas that are used for human 

consumption, like food, food packaging, and water. Scientists are 

motivated by the rising risk to create new, risk-free, and simple-

to-use inorganic antibacterial nanoparticle compounds [11]. This 

makes it possible for researchers to examine the advantages of 

nanomaterials in a variety of sectors, including biology, 

optoelectronics and the environment.  Inorganic and organic 

nanoparticles are the two main categories of nanoparticles. At the 

beginning of the 20th century, various traditional techniques, 

such as chemical and physical procedures, were employed for the 

manufacture of nanoparticles [12]. These techniques weren't 

thought to be eco-friendly because of their toxicity and high 

expense, among other drawbacks. As a result, due to their eco-

friendliness, therapeutic adaptability, stability and affordability, 

scientists and researchers are now showing a surprising interest 

in the production of metal oxide and metal nanoparticles using 

plants and biological organisms like bacteria, algae, and fungi 

[13]. According to the literature, different metal oxide and metal 

nanoparticles have been created utilizing plants and other living 

things [14]. So, in the realm of nanotechnology and nano-

structure, biologically inspired technology for nanoparticle 

preparation has emerged as a wonderful and excellent field [15]. 

Calotropis procera (family Apocynaceae), is utilized in 

conventional treatments for the skin, lungs, stomach, and liver. 

Additionally, it possesses antibacterial and antiviral properties 

[16]. It is a xerophytic perennial shrub (or small tree) with tap 

roots that extend 3 to 4 meters into the ground and stems that are 

2 to 6 meters tall. C. procera can withstand varying levels of soil 

salinity, drought stress and severe settings with bright light. It 

can also grow on a variety of soils. As a result, it is found in 

many tropical and subtropical regions [17]. C. procera posse’s 

different kinds of phytochemicals, such as triterpenoids, 

flavonoids, glycosides, anthocyanins, α-amyrin, β-amyrin, 

lupeol, β-sitosterol, flavonols, mudarine and resins as well [18]. 

When compared to manufactured antimicrobials, phytochemicals 
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are thought to have no or fewer negative effects since they have 

varying degrees of effectiveness against microbial pathogens 

[19]. Some phytochemicals can break the cycle of antimicrobial 

resistance, alter it, or work in concert with traditional antibiotics. 

Indeed, there are various methods through which phytochemicals 

can act as antibacterial agents [7].  

Due to their availability, affordability, high surface area-to-

volume ratio, non-toxicity, and distinctive physiochemical 

properties, TiO2 nanoparticles (TiO2 NPs) are regarded as the 

material of choice in biological and environmental remediation 

applications among other metal oxide semiconductors like ZnO, 

MgO, CuO, and Fe2O3. TiO2 nanoparticles' capacity to kill 

bacteria depends on the size, stability, and concentration of the 

growing medium they are put into. This increases the amount of 

time bacteria and nanoparticles have to interact, allowing them to 

contact closely with microbial membranes [20,21]. Additionally, 

it possesses a distinctive photocatalytic activity, strong thermal 

stability, and chemical biocompatibility. It is well known that the 

size, shape, and surface chemistry of TiO2 nanoparticles, such as 

the number of surface flaws, have a major impact on the 

particles' photocatalytic activity and exhibit high antibacterial 

activity [22,23]. Plant-mediated nano-fabrication is a new area of 

nanotechnology that is favoured over traditional methods due to 

its properties of safety, affordability, environmental friendliness 

and biocompatibility. 

The abundantly produced TiO2 NPs are utilized regularly as a 

white pigment in the production of paintings, foods, paper, and 

toothpaste. Despite having a wide variety of functions, there is a 

lack of information on the impact of NPs on animal and human 

health [24]. The study aims to develop an eco-friendly and cost-

effective synthesis of TiO2 NPs in order to use them as 

antibacterial and anti-cancerous agents. In the present study, 

green synthesized TiO2 NPs by C. Procera have been utilized for 

the first time against phytopathogens, which can give a thorough 

understanding of the anti-bacterial activity and cytotoxic effects 

of the synthesized NPs. 

II. MATERIALS AND METHODS 

2.1. Materials  

Leaves of Calotropis procera (common name "Aak") for the 

preparation of extract were collected from the District Lahore. The 

plant leaves were recognized and authenticated by the Botany 

Department of Lahore College for Women University, Lahore.   

2.2. Chemicals   

Titanium tetra isopropoxide [Ti{(OCH(CH3)2}4, Sigma Aldrich] was 

used as a precursor. The antibacterial activity of TiO2 NPs was 

investigated by utilizing bacterial culture media such as Nutrient 

agar, Nutrient broth and Muller Hinton agar (Sigma-Aldrich). The 

antibiotics imipenem (10µg) and ciprofloxacin (5µg) (Bioanalyse 

Ltd. Ankara, Turkey) were utilized in this study. DMSO was used to 

make NP concentrations.  

2.3. Preparation of Plant Extract 

The fresh leaves of C. procera were rinsed multiple times to 

eradicate dust particles. After washing, the leaves were dried in the 

shade for 2-3 days. Weighing 50g of dried finely chopped leaves and 

dipped in 100 ml of sterilized distilled water. The mixture was 

boiled for 60 min until the colour of the aqueous solution changed to 

light yellow. The extract was filtered using Whatman No. 1 filter 

paper and stored at room temperature to be used for further 

experiments. 

2.4. Green Synthesis of TiO2 NPs 

40ml prepared C. procera leaves aqueous extract and 10 ml titanium 

tetra isopropoxide were mixed with 300 ml distilled water. The 

mixture was transferred on a magnetic stirrer at room temperature 

for 2 hours, as described in our previous study by Habib et al.  [25]. 

After that, the mixtures were sonicated for 30 min and then filtered 

by using filter paper and remained as such to dry. After that, dried 

material was collected and ground in a mortar pestle to obtain fine 

particles.  

2.5. Characterization of TiO2 NPs 

Characterization of synthesized TiO2 NPs using C. procera leaves 

extract, including a combination of spectroscopic techniques such as 

UV-visible spectroscopy (UV-Vis), X-ray diffraction (XRD), 

Fourier transform infrared (FTIR) spectroscopy and Scanning 

Electron Microscopy (SEM) was conducted as described in our 

previous paper Habib et al. [25] to analyze their structure, 

composition, size and crystallinity. 

2.6. Bacterial Strains  

Non-repetitive twenty (20) bacterial strains were collected from 

General Hospital, Lahore. All bacterial strains were collected from 

samples of different patients (pus, ear sap, wound, etc.), and 

different morphological and biochemical tests (Citrate, indole, etc.) 

were performed to characterize bacterial strains. Only those bacterial 

strains were selected which showed beta-lactamase activity. These 

selected strains were used from ATCC, such as Staphylococcus 

aureus (S. aureus, 29213), Escherichia coli (E. coli, 25922), 

Klebsiella pneumonia (K. pneumonia, 23101), and Enterococcus 

faecalis (E.  faecalis, 14508) and all these strains were sensitive to 

imipenem and resistant to ciprofloxacin. 

2.6. Antibacterial Activity of TiO2 NPs 

The antibacterial activity of C. procera leaves extract and TiO2 NPs 

was evaluated by the Kirby-Bauer disc diffusion method [26]. 

Antibacterial activity against gram-negative and gram-positive 

bacteria was determined using various concentrations of green 

synthesized TiO2 NPs (10, 20, 30 and 40mg/ml) and extract. Freshly 

prepared cultures of tested organisms were uniformly spread with 

sterilized cotton swabs on the Muller Hinton plate. Standard 

Whatman filter paper discs impregnated with TiO2 NP 

concentrations, antibiotics (imipenem and ciprofloxacin) as positive 

control and saturated discs with water as negative control were 

applied on the prepared Muller Hinton plates. After 24 hrs 

incubation, ZOI was recorded in mm at room temperature (30oC). 

An experiment was performed in triplicates at room temperature 

including UV light.  

2.7.   Cytotoxic Effect of TiO2 NPs on Cancer Cell lines 

Cytotoxic effects and biocompatibility of green synthesized TiO2 

NPs were measured by using a HepG2 cancer cell line.  

2.7.1. Cell Culturing 

HepG2 (ATCC HB-8065™ ) human hepatocellular carcinoma cells 
were obtained from the American Type Culture Collection 
(Manassas, VA, United States) and cultured as monolayer in T-75 
flasks Costar, followed by subculturing twice a week at 37oC in 5% 
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CO2 and 100% relative humidity supplied incubator at a density of 1 
X 105. HepG2 was cultured in McCoy's 5A medium Gibco Glasgow, 
supplemented with 10% fetal bovine serum FBS, Gibco, Glasgow, 
UK and 1% antibiotics (streptomycin, penicillin). The experiment 
was performed in triplicates at the University of Lahore.  

2.7.2. MTT Assay 

The cell viability of the HepG2 cancer cells line treated with 

biosynthesized TiO2 NPs was assessed by using 3-(4, 5-dimethyl 

thiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) yellow dye. 

Furthermore, HepG2 cancer cells were seeded in the 96-microtitre 

plate at densities of 1×104 cells per well and kept in the CO2 

incubator for 24h for adherence. Then, the Cells were treated with 

different concentrations of biosynthesized TiO2 NPs such as 10 

µg/ml, 50 µg/ml, 100 µg/ml, 200 µg/ml and C. procera leaves 

extract and plate were incubated for another 24 h. An experiment 

was performed in triplicates to avoid any errors, according to Al-

Shabib et al. [27], with little modifications. After 24 h, 25 μL MTT 

was added to each well and kept the plate for 4 h in the incubator. 

After discarding the supernatant, 100 μL DMSO was added to each 

well for the disseverment of crystals and absorbance was read at 550 

nm.  

The below formula calculated cytotoxicity and cell viability.  

Cytotoxicity = [(Control – Treated)/ Control] x 100  

Cell viability= (Treated / Control) x 100 

2.8. In Vivo studies 

2.8.1 Ethical Approval 

Approval for the experiment was obtained from the ethical review 

committee of Lahore College for Women University, Lahore, via 

RERC No/LCWU/ZOO/577 Dated 9 June 2022, and the execution 

followed in accordance. 

2.8.2. Effects of Green Synthesized TiO2 Nanoparticles on the 

Kidney of Mice 

In vivo research was done to assess the toxic effects of green-

synthesized TiO2 NPs. From the University of Veterinary and 

Animal Sciences (UVAS), 7–8-week-old twenty-four (24) healthy 

albino mice (weight in average 25-30g) were purchased for the 

research purpose. They were then given standard circumstances, 

such as 12h light/dark cycle, 25 ± 5 oC temperature ranges, and were 

acclimated for 7 days. They were then fed a standard diet for the 

duration of the experiment and given free access to water and 

pellets. Experiments were performed in triplicate on healthy 

individuals as described by Noori et al.[28].  

Two sets of animals were formed: a control group and an 

experimental group. Based on the dose that was administered to the 

animals, each experimental group was further divided into three sub-

groups (each sub-group comprises 6 individuals). The control group 

received feed and saline solution in addition to the experimental 

group was given low (100 mg/kg bw), medium (200 mg/kg bw), and 

high doses (300 mg/kg bw) TiO2 NPs orally via gavage for 7, 14, 

and 21 days. 

2.8.1. Histological Examinations 

Under ether anaesthesia, dissection was performed after 7, 14 and 21 

days, and blood samples were obtained through cardiac puncture. 

Excision and weighing of the liver and kidneys took place, and the 

fractional contributions of these organs were determined as the ratio 

of wet tissue weight (mg) to body weight (g). Kidney and livers 

were immediately transferred to a fixation solution (10% formalin) 

for further histological examination. Sections with a thickness of 

approximately 5 μm were cut using a rotatory microtome, stained 

with haematoxylin and eosin, and observed for histopathological 

changes under a microscope equipped with a digital camera (B-150 

Optika, Italy) at 40X magnification. 

2.9. Statistical Analysis 

All the experiments, including antibacterial and cytotoxic activity, 

were carried out in triplicates. The data was evaluated, and results 

are presented as means ± standard deviation by using Microsoft 

Excel version (2013). Analysis of Variance (ANOVA) was used to 

describe the difference between means of the parameter in the 

treated and control group (p<0.05).  

III. RESULTS 

3.1. Characterizations of TiO2 NPs  

Green synthesized TiO2 NPs from the leaves of C. Procera were 

characterized by UV spectroscopy, XRD, FTIR and SEM for 

average crystalline size, average particle size, optical properties and 

thermal stability. The optical properties of the nanoparticles are 

studied using a UV-visible spectrophotometer. Figure (1) depicts the 

TiO2 NPs' absorption spectrum, which spans the 200–800 nm 

regions. The absorbance peak of TiO2 was visible at 285 nm. The 

lack of any other peak in the region of the absorption spectrum 

served as a measurement of the purity of TiO2 NPs. A novel method 

for determining the structure and crystalline size of the nanoparticles 

is X-ray diffraction. The XRD pattern of green synthesized TiO2 

NPs displayed in Figure (2). As shown in Figure 2, the spectrum of 

the TiO2 XRD pattern is between the diffraction angles 20<2θ<80. 

Figure 2 depicts the various TiO2 peaks with good agreement with 

the JCPDS card (21-1272) at angles of 27.52 o, 37.36 o, 48 o, 54.75 o, 

62.19 o and 74o , which correlate to (110), (004), (200), (211), (213), 

and (301). The peak's position and the absence of an additional peak 

in the diffraction pattern both verified the integrity of the TiO2 NPs. 

The breadth of the peak and the size of the NPs are inversely 

correlated; as the peak width increases, the size of the NPs 

decreases. FTIR The peak of a sample is used to analyze the 

functional behavior of the sample using FT-IR spectroscopy. 

Because each compound in the NPs has a distinct atomic 

rearrangement, each compound displayed a distinct IR pattern. 

Green synthesized TiO2NPs were analyze by FTIR spectroscopy, 

which showed that distinct functional groups were present and were 

detected at various wavelengths. C. Procera leaves were used to 

make TiO2, and Figure (3) shows that the FT-IR band in the 100% 

transmittance mode ranges from 4000 to 500 cm-1. Scanning electron 

microscopy (SEM) was used to illustrate the size and shape of TiO2 

NPs, as shown in Figures (4). SEM micrographs showed the 

individual and number of aggregates. The microgram reveals that 

irregular shape TiO2 NPs were formed with diameter range 10-35nm. 

The Figure 4 indicated that smaller size TiO2 NPs were formed with 

an average size 18nm. Because these NPs contain a variety of 

secondary compounds, including alkaloids, peptides, terpenoids, 

polyphenols, and falavenoids, they function as reducing agents. By 

altering the morphology of the NPs, the complete set of properties 

and behavior fluctuates. 

3.2. Antibacterial Effects of Green Synthesized TiO2 NPs  

Disk diffusion assay was used to study the antibacterial activity of 

TiO2 NPs against gram-positive and gram-negative bacteria. 
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Different concentrations of TiO2 NPs, i.e.10 mg/ml, 20 mg/ml, 30 

mg/ml and 40 mg/ml, were used, and the zones of inhibition (ZOI) 

formed were measured after 24h. Figure (5,6) and Table (1) describe 

the ZOI formed at various concentrations and their measurements, 

respectively. The synthesized TiO2 NPs exhibited stronger 

antibacterial activity. Maximum inhibition zones were observed in 

gram-positive bacteria (S. aureus), and minimum ZOI was observed 

in negative bacteria (E. faecalis). 

3.3. MTT Assay 

MTT assay was used to determine the cytotoxicity of C. Procera 

leaves extract and TiO2 NPs on HepG2 liver cancer cell lines. The 

effect on HepG2 cells exposed to different TiO2 NP concentrations 

(10–200 µg/mL) and the extract is depicted in terms of cell viability 

(%) as shown in Table 2. TiO2 NPs induced a concentration-

dependent decrease in the cell viability of HepG2. Cell viability was 

recorded as 90.9%, 75%, 60.6%, and 53.7% at 10, 50, 100, and 200 

µg/mL concentrations, respectively, using MTT assay (Figure 7). 

76% of cells were alive when the cell was treated with C. Procera 

leaves extract. 

3.4. Effects of TiO2 Nanoparticles on the Liver and Kidney 

3.4.1. Coefficients of Liver and Kidneys 

 After 7, 14 and 21 days, the mice were sacrificed, and the weight of 

the body and various tissues/organs were collected. Table 3 shows 

the coefficients of the liver and kidneys to body weight, which are 

expressed as milligrams (wet weight of tissues)/g (body weight). 

3.4.2. Biochemical Parameters in Serum 

Liver function was evaluated with serum levels of alkaline 

phosphatase (ALP), aspartate aminotransferase (AST), Alanine 

transaminase (ALT) and total bilirubin (TBIL) level. Nephrotoxicity 

is determined by serum levels of uric acid (UA), blood urea nitrogen 

(Urea), and creatinine (CR). All biochemical assays were performed 

using a fully automated, random access, dry Biochemistry analyzer 

(Vitros-250, Johnson and Johnson Co., NY, USA).  

In the male albino mice, after 7 days of exposure to different-sized 

green synthesized TiO2 NPs, the ALP/ALT/AST level was slightly 

elevated and significantly increased after 14 and 21 days. The higher 

serum Urea and CR levels were found in the male albino mice 

exposed to the different concentrations (100, 200, and 300 mg/ml) of 

TiO2 NPs after 7, 14 and 21 days. Table 4 shows the changes in 

biochemical parameters in the serum of male albino mice induced by 

TiO2 NPs. There are significant changes for the enzymes of ALT, 

AST and ALP (p > 0.05) after oral administration of different sized 

TiO2 NPs. However, the TBIL and UA levels were decreased after 

exposure to TiO2 NPs in the three experimental groups compared 

with the control group.  

 

3.4. Effects of TiO2 Nanoparticles on the Kidney 

Histological Examination 

In this particular investigation, animals were subjected to varying 

doses (100mg/kg, 200mg/kg and 300mg/kg body weight) of TiO2 

NPs administered orally for 7, 14 and 21 days. Following different 

time intervals (7, 14 and 21 days), the animals were euthanized to 

examine the acute and chronic toxicological effects of TiO2. After 7, 

14, and 21 days of exposure, kidney and liver tissues induce changes 

due to the presence of TiO2 NPs at different concentrations (100 

mg/kg, 200 mg/kg, and 300 mg/kg body weight). Kidney sections 

8(A) from the control group exhibited normal renal cortex and 

normal nephritic tubules. In contrast, the second group treated with 

(100 mg/kg body weight/day) displayed pathological abnormalities, 

including a slight expansion in the collecting tubules of the medulla 

and normal renal cortex, as shown in Figure 8(B). The third group, 

which received (200 mg/kg body weight/day) of TiO2 NPs, exhibited 

inflammation characterized by the accumulation of mononuclear 

cells around blood vessels and between renal tubules in the kidney, 

as represented in Figure 8(C). The fourth group, treated with 300 

mg/kg, showed severe toxic effects such as cell destruction, 

increased intracellular spaces, and distorted glomeruli, as presented 

in Figure 8(D).   

Histological sections from the liver of the control group Figure 9(A) 

revealed normal hepatocytes, eosinophilic cytoplasm and central 

vein. Liver section from albino mice exposed to 100 mg/kg body 

weight of TiO2 NPs (low dose) showed almost normal histology with 

hepatocytes similar in appearance to the control group with a 

prominent nucleus and eosinophilic cytoplasm after 7 and 14 days 

and only mild infiltration of the central vein was observed after 21 

days exposure and shown in Figure 9 (B). Albino mice exposed to 

200 and 300 mg/kg body weight of TiO2 NPs (medium dose) 

revealed liver sections with central vein infiltration, hepatocytes 

with reduced eosinophilic and liver sinusoid dilation was observed 

after 21 days, and swelling of the central vein was also observed 

after 21 days and shown in Figure 9(C, D). 

IV. DISCUSSION 

Due to the increasing demand for low-cost methods, nontoxic 

chemicals, antibacterial, antiviral, diagnostic, anticancer, targeted 

drug delivery, environmentally friendly solvents, and reusable 

materials over the past few years, biosynthesis of nanoparticles has 

attracted considerable attention [29]. TiO2 NPs have great 

applications in the areas of photocatalysts, cosmetics, and 

pharmaceuticals. The area of interaction between nanoparticles and 

pathogenic bacteria increases due to small-size NPs, making them 

ideal as antimicrobial agents. Due to their small size, the particles 

can readily enter bacterial surfaces and cause damage [30]. Due to 

its low cost as compared to other noble metals like Au, Pt and Ag, 

TiO2 nanoparticles have gained popularity among researchers. 

The present research work was designed to synthesize TiO2 NPs 

from leaves of C. procera and to evaluate the antimicrobial effects 

of leaves extract and TiO2 NPs by disc diffusion method against 

gram-negative and gram-positive bacterial strains, i.e. E. coli and K. 

pneumoniae, S. aureus and E. faecalis. All of the bacterial strains 

used were sensitive to β-lactam antibiotic imipenem while resistant 

to antibiotic ciprofloxacin. The antimicrobial effect of leaf extract 

and TiO2 NPs with four concentrations (10 mg/ml, 20 mg/ml, 30 

mg/ml and 40 mg/ml) was checked individually, and with antibiotics 

against bacterial strains, the result reveals that ZOI increased as the 

concentration of TiO2 NPs was increased. 

The toxicity level of TiO2 NPs was also evaluated in the kidneys of 

male albino mice. The mice were treated with three different 

concentrations of low dose (100mg/kg), medium dose (200mg/kg) 

and high dose (300m/kg) of NPs. It was observed that these small-

sized TiO2 NPs can damage kidney tissues. The toxicity of NPs in 

the kidney of mice varied according to the dose. A high level of 

toxicity was evaluated in mice that were treated with a high dose 

when compared to a low dose, and no toxicity was observed in the 

control group that was injected with saline water. Histological 

changes were observed in mice kidney that induces degeneration, 

swelling and shrinkage of glomeruli. The capsular space in the renal 

cortex was also increased according to the concentration of NPs that 

was given to the mice. It was shown that cellular space between the 
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cells increased, and in the high-dose treated group, oedema 

formation was observed in the cells. 

A similar study was conducted by Noori et al. [28] that supports our 

results. They also checked the effect of TiO2 NPs on the kidneys of 

mice. They grouped the animals into 16 groups of 8 in each. The 

experiment lasted 30 days. Animals were orally injected with NPs of 

different concentrations, low dose (100mg/kg) and high dose 

(300mg/kg) and were sacrificed after 8, 15, and 30 days of post-

injection. At this point, our study shows similarity, that animals were 

sacrificed in 2 groups after 10 days and after 20 days of treatment. 

They observed structural changes in the kidney. These changes were 

swelling of glomerular fibrosis and necrosis. In our results, the same 

structural changes were observed.  

The present study was designed to analyze the effect of TiO2 NPs 

(100 mg/kg body weight and 300 mg/kg body weight) in liver tissue 

after 7, 14 and 21 days of exposure. Histological sections from the 

liver of the control group revealed normal hepatocytes, eosinophilic 

cytoplasm and central vein. After 14 and 21 days, low-dose exposure 

did not reveal any changes in normal histology, but a high dose after 

10 days induced central vein infiltration and after 21 days, high-dose 

exposure swelling and infiltration of central vein and liver sinusoid 

dilation was observed. It means the toxicity of NPs in the liver of 

albino mice depends on the quantity of doses.  

Similar research was conducted by Sharma et al.[31] that supports 

our findings that oral immediate exposure to TiO2 NPs promotes 

apoptosis and severe oxidative stress in mouse liver cells. TiO2 NPs 

can cause alterations in the kidney and liver tissues of albino male 

mice, according to histopathological research. Excess TiO2 NPs in 

the diet may cause liver damage. Sana et al. [32] found that the 

histo-toxicity of TiO2 NPs in renal and liver tissues was higher at 

high doses (350 mg/kg body weight/ day) than at low doses (150 

mg/kg body weight/ day). 

Brunner et al. [33] found that TiO2 NPs impact the histology of the 

liver and kidney, particularly at higher doses and, to a lesser extent, 

at medium doses. The rise in divalent Titanium ions level following 

dissolution is thought to be the cause of TiO2 NPs’ cytotoxicity. It 

may be inferred that when Ti is administered in vivo, it dissolves as 

divalent Zn ions, creating a rise in the ionic zinc form. As a result, 

the previous histological effects were seen. TiO2 NPs accumulate in 

the liver, which is the body’s biggest detoxifying organ, and may 

cause reactive oxygen species. Other nanoparticles can use similar 

oxidative processes to exert hazardous effects. 

 

V. CONCLUSION 

The present research work revealed that green synthesized TiO2 NPs 

by using Calotropis procera leaf extract inhibit the growth of gram-

negative and gram-positive at different concentrations. TiO2 NPs 

showed significant antimicrobial activity against all the tested 

microorganisms. Results showed that TiO2 NPs are more susceptible 

to gram-negative bacteria and may be considered as potent 

antimicrobial agents for drug-resistant bacterial strains. Antibacterial 

activity and cytotoxicity of TiO2 NPs increases with the increase in 

concentration of nanoparticles. The synthesized NPs induced 

considerable reduction in the viability of HepG2 in vitro and could 

prove effective in controlling liver cancer. In summary, the green 

synthesized TiO2 NPs demonstrate diverse biological properties, 

could be used as an anti-bacterial agent and for cancer cells 

treatment. 
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Figure 1.UV Visible Spectra of TiO2 NPs 

 

 

Figure 2. X-ray Diffraction of Green synthesized TiO2 NPs 
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Figure 3. FTIR spectra of TiO2 NPs 

 

Figure 4. SEM of TiO2 NPs 
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Figure 6. Antibacterial activity of TiO2 NPs 

 

                 Table 1. Antibacterial activity of TiO2 NPs by disc diffusion method  

 

Strains 

Zone of inhibition in mm 

C. procera leaves 

extract 

Concentration of TiO2 NPs (mg/ ml) Antibiotics 

10 20 30 40 IPM CIP 

E. coli 6±0.2 11±0.2 12±0.5 13 ±0.8 14±0.3 25±0.7 R 

K. penumoniae 7±0.2 9±0.2 10±0.6 12 ±1 13 ±1.5 10±0.5 R 

S. aureus 6.5±0.3 11±0.3 13±0.1 14 ±2 15 ±1 29±1.5 R 

E. faecalis 6±0.2 9±0.2 10±0.8 12±0.5 12 ±2 12±0.5 R 

*All the values given as mean± S.D, IMP= Imipenem, CIP= Ciprofloxacin 
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             Table 2: Effect of nanoparticles on HepG2 Cancer cell line 

Cell Viability of HepG2 Cells  

 

 

 

 

TiO2 NPs Concentration  

Control Extract 10 µg/mL 50 µg/mL 100 µg/mL 200 µg/mL 

98 76 92 84 71 49 

 

Figure 7. Cytotoxicity determination by MTT assay against HepG2 cell lines 

                

               Table 3. Coefficients of liver and kidneys after oral exposure to TiO2 NPs 

Group Body weight (g) Kidney 

(mg/g) 

Liver (mg/g) 

Before  After 14 days  After 21 days 

Control 25 30 33 0.33 ± 2.3 1.97 ± 1.3 

TiO2 (100 mg/kg) 28 31 34 0.33 ± 4.3 2.91 ± 2.3 

TiO2 (200 mg/kg) 30 35 36 0.48 ± 1.3 2.97 ± 2.3 
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TiO2 (300 mg/kg) 24 30 35 0.45 ± 2.3 3.47 ± 2.3 

 

               Table 4. Biochemical parameter of mice serum 

  Hepatic functions Renal functions 

After 7 

days 

TiO2 NPs 

Concentrations 

(mg/ml) 

ALT 

(U/L) 

AST 

(U/L) 

ALP 

(U/L) 

TBIL 

(mg/dL) 

UA 

(mg/dL) 

CR 

(mg/dL) Urea (mg/dL) 

Control  30 24 120 0.10 3 0.53 15 

100 33 24 134 0.12 6 2.3 27 

200 36 36 146 0.11 5 3.3 25 

300 40 47 167 0.09 4 3.7 24 

After 

14 

days 

Control  32 25 123 0.12 3.5 0.6 17 

100 35 37 146 0.13 7 1.1 37 

200 38 45 175 0.09 5 2.2 22 

300 43 60 189 0.08 4  1.8 17 

After 

21 

days 

Control  31 24 115 0.11 5 0.74 18 

100 41 48 190 0.15 9 5.4 49 

200 49 60 206 0.13 7 1.4 44 

300 59 72 234 0.10 6 2.7 37 
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                 Figure 8. (A-D): Histology of mice kidney after 21 days taken under (10X) treated with TiO2 NPs 

A= Section of the kidney from the control group showing normal glomeruli structure (G), renal capsular space (CS) and normal cellular space (thick 

arrow) B= Section of the kidney treated with 100mg/kg (low dose) concentration of TiO2 NPs for 21 continuous days, showing distortion or 

shrinkage of glomeruli (G) structure, increase in capsular space (CS) and also increase in cellular space (thick arrow). C= Section and D= Section of 

the kidney treated with 200mg/kg (medium dose) and 300mg/kg (High Dose) concentration of TiO2 NPs for 21 continuous days, showing distortion 

and swelling of glomeruli (G) structure, increase in capsular space (CS) and also increase in cellular space (thick arrow), edema formation (cells 

wash out). 
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                 Figure 9. (A-D): Histological analysis of liver following administration of saline solution and TiO2 NPs for 21days  

(A) displaying the normal liver histology of hepatocyte (hc) with binucleated arrangement, prominent central vein (cv) and has eosinophilic 

cytoplasm (cyt) intervening liver sinusoid (ls) are also shown (B) No significant degeneration of eosinophilic cytoplasm and hepatocyte, except mild 

infiltration of central vein, liver sinusoid and Leukocyte infiltration (L) examined in mice was exposed to low dose of TiO2 NPs (C) and (D) 

Degeneration of eosinophilic cytoplasm, central vein having swelling and infiltration of liver sinusoid was observed in liver of albino mice treated 

with high dose of TiO2 NPs. 
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