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Abstract: The global scientific community recognizes the green synthesis of nanoparticles due to its 

environment-friendly approach. In this study, titanium dioxide nanoparticles(TiO2 NPs) have been 

synthesized by ultrasonication-assisted cold maceration green technique mediated through stem extract 

of Euphorbia hirta such that the plant's phytochemical constituents are preserved and do not deteriorate. 

The synthesized TiO2 nanoparticles were characterized by UV spectroscopy, and a sharp peak at 326 

nm confirmed the formation of the TiO2 nanoparticles. The surface morphology was analyzed using 

SEM (Scanning Electron Microscope), which showed that nanoparticles with flakes-like shapes were 

formed. EDX (Energy Dispersive X-ray Analysis) outcomes have also confirmed the presence of TiO2. 

The antibacterial activity of the TiO2 nanoparticles was assessed against three bacterial strains 

(Escherichia coli, Bacillus subtilis, and Pseudomonas aeruginosa.), with a maximum ZOI of 35±3.5 mm 

showing that TiO2 nanoparticles have good antibacterial properties. Further antioxidant (DPPH and 

Phosphomolybdate assay) and antidiabetic activity were evaluated with the IC50 value of 39.01 ± 0.56, 

48.29 ± 0.69, and 55 ± 1.69 µg/ml, respectively, which indicated the potency of the synthesized 

nanoparticles for various biomedical and pharmacological applications. 

Keywords: Euphorbia hirta; nanoparticles; TiO2; antibacterial; antioxidant; antidiabetic activity; cold 

maceration. 
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1. Introduction 

With more than 1600 species, Euphorbia is the biggest genus in the Euphorbiaceae 

family. It may be recognized by the white, milky latex it generates, which is almost always 

fatal. The Euphorbia species E. ingens, E. tirucalli, and E. may have rubber in their lattices. 

This category of plants contains unique substances that have been identified, such as important 

secondary metabolites shown in Figure 1 [1–5]. It is a weed that originally came from the 

tropical regions of America and is also known as an asthma herb [6]. It is conveniently located 

in a few countries' marginally hotter regions, including Bangladesh, India, and Australia. It 

blooms openly around walkways, parks, drainages, and in the spaces between grasses. 

Traditional medicine uses this herb. 
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The field of nanotechnology is now advancing quickly [7]. Nanoparticle production is 

rapidly rising, and they are employed in a wide range of products, including antimicrobial 

creams, cosmetics, electrical devices, detectors, and medicine delivery systems in the body [8]. 

TiO2 is being produced in large quantities globally for use in numerous fields [9]. Its distinct 

physical and chemical characteristics from those of typical powdered particles may affect the 

body's metabolism and other functions. The respiratory systems are significantly impacted by 

nanoparticles [10]. The pulmonary lungs and gastrointestinal tracts can both potentially absorb 

titanium nanoparticles. The mouth is the primary route via which titanium dioxide 

nanoparticles are administered orally [11]. In the realm of nanotechnology, nanomedicines are 

administered through direct injection into the veins, putting nanoparticles into the body's 

bloodstream [12]. Nanoparticles are also employed in a variety of therapies. For example, 

titanium dioxide is inhibited from working when coated with nanomaterials. Because of its 

color and high refractive index, titanium dioxide, a colored pigment, is the most widely used 

pigment in the world [13]. It has several uses, including non-stick coatings, food-related 

plastics, nanomedicine, and more. It is also photo-catalytically active and anticorrosive [14].  

Euphorbia hirta is commonly used to treat gastrointestinal conditions such as intestinal 

parasitosis, diarrhea, dysentery, and respiratory problems like asthma and bronchitis. Other 

plant parts are also used to treat a variety of other diseases. Its leaflets can also be used to treat 

boils or swells. The anticancer and anti-inflammatory effects of the plant extract in combination 

with other metals have been astounding. This plant's ethanolic extract has demonstrated 

antibacterial action.  

 

Figure 1. Chemical constituents of E. hirta. 

Dry plant powder is also employed for skin conditions. It is additionally applied to 

snake bites [15]. It also demonstrated the anti-diarrheal effects at the dose of 55 mg per kg 

against the oil and acids and some other compounds induced diarrhea in the rat [16], and this 

showed the symptoms of diarrhea which was induced by the oil, some acids, and flavonoids 
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which were extracted from this plant. It also shows galactogenic activity by enhancing 

mammary gland development and increasing secretion; the finely ground powder of the plant 

has shown galactogenic activity in various pig breeds before the juvenile phase [17]. This 

plant's extracts are thought to treat female infertility and keep male sperm counts healthy [18]. 

The goal of this study is to prepare extract by ultrasonication-assisted cold maceration 

for the synthesis of TiO2 nanoparticles from the stem extract of Euphorbia hirta and to evaluate 

its antibacterial, antioxidant (DPPH and Phosphomolybdate assay) and antidiabetic (Alpha-

amylase assay) efficacy. The features of the plant and the titanium dioxide nanoparticle may 

coexist in the nanofabricated particles to produce better outcomes and more useful applications 

because the plant is biologically potent and has many health benefits. According to the 

literature review, no research on synthesizing titanium dioxide nanoparticles and its in-vitro 

phytochemical evaluation, antibacterial, antioxidant, and antidiabetic activity has been done in 

India's Kumaon region in Uttarakhand. 

2. Materials and Methods 

2.1. Materials. 

Plant specimen was procured from Dineshpur, Uttarakhand, near August, and the fresh 

stem of Euphorbia hirta was harvested (Lattitude:29.0520046; Longitude:79.3211968). All the 

samples were handpicked. It is an erect, pubescent plant between 20 and 35 centimeters long. 

The leaves are 1-1.5 cm, widely oblong to elliptic-lanceolate, with an obliquely truncated base, 

serrulate border, and an acute, hispid tip. The petiole is up to 3 millimeters long. 

2.2. Methods. 

2.2.1. Preparation of extract. 

To remove the dust sticking to the stem's surfaces, they were carefully cleaned with tap 

water and then rinsed with deionized water. The cleaned samples were dried under a running 

fan in a dimly lit area. After drying, the samples were ground into a coarse powder. 50 g powder 

was then kept in a conical flask with 200 ml ethanol and covered tightly with aluminum foil. 

After 7 days, the conical flask was placed in an ultrasonication machine for 18 hours, 

maintaining a constant temperature of 28°C. Then, the solution was filtered out, and the excess 

solvent was recovered using a rotary vacuum evaporator. For later usage, the extract was dried 

and kept in a vial at 4°C. 

2.2.2. Green synthesis of nanoparticle. 

In a 250 ml conical flask, 1.0 M of TiCl4 solution was mixed in 100 ml distilled water. 

To this solution, 20 ml of freshly prepared extract was added, and then it was stirred for 2 hours 

at 25°C using a magnetic stirrer at 2000±100 RPM. There was a noticeable color change. The 

greenish color changed to a dark brown hue, which indicates that the plant extract has 

successfully reduced the precursor [19–22]. The reduced nanoparticles are centrifuged at 8000 

RPM for 30 minutes. The clearly discernible solid residue was thoroughly cleaned with water 

three times and finally washed with ethanol. It was kept in a vacuum oven at 80°C for 24 hours 

for drying and then collected in vials for further characterization and biological screening.  

2.2.3. Preliminary phytochemical screening. 
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Preliminary phytochemical screening of the extract is carried out by following the 

procedure by Bachhar et al. [23,24]. 

2.2.3.1. Test for steroids. 

Liebermann-Burchard’s test- Before filtering, the 0.5 g extract was diluted in 10 ml of 

anhydrous chloroform. The outcome was equally divided in half for the subsequent test. After 

combining the first portion of the solution with 1 ml of acetic anhydride, 1 ml of concentrated 

sulfuric acid was poured down the test tube's side to create a layer. The test tube was examined 

for any indication of steroid use, such as any green color. 

2.2.3.2. Phenolics. 

FeCl3 test– 1 ml of extract was mixed with 2 ml of a 5% neutral FeCl3 solution to 

determine the presence of phenolic compounds and tannins. 

2.2.3.3. Terpenoids. 

Horizon test– 2 ml of trichloroacetic acid was added to 1 ml of the extract. Terpenoids 

may be present, as demonstrated by the appearance of red precipitates. 

2.2.3.4. Alkaloids. 

Dragendroff’s test- Dragendroff's reagent was added to plant extract in a test tube, and 

the precipitate's growth was watched for any indications of alkaloids' presence. 

2.2.3.5. Proteins. 

Million test- 3 ml of extract and 5 ml of Million's reagent were mixed together in a test 

tube. A curdy white precipitation formed, which, when heated, turned brick red. It may indicate 

the presence of amino acids. 

2.2.3.6. Carbohydrates. 

Molisch’s test- A test tube with filtrate from the extract was filled with two drops of an 

alcoholic alpha-naphthol solution and 2 ml of concentrated sulfuric acid that had been carefully 

put along the test tube walls from another test tube. The formation of a purple ring at the 

junction indicates the presence of carbohydrates. 

2.2.4. Characterization of nanoparticles. 

The UV visible spectrophotometer (Shimadzu UV-1800 Japan) was used to analyze the 

confirmation of the formation of the TiO2 nanoparticles; it was recorded in the range of 200-

800 nm. The crystallinity and formation of the nanoparticles were determined by using X-ray 

diffraction (Rigaku). The surface morphology was investigated using a scanning electron 

microscope (Carl Zeiss Evo 18), and the SEM was already equipped with the software to 

measure the size of nanoparticles. EDX was used to quantify the elemental analysis, and the 

spectrum was used to determine the homogeneity and to determine the elemental distribution 

of the sample. The antibacterial activity of the TiO2 nanoparticles was studied in 3 strains of 

bacteria using the disk diffusion method. Two techniques were used to evaluate antioxidant 

activity: the DPPH and phosphomolybdate assay. Alpha amylase inhibitory assay was used to 
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measure antidiabetic activity. The absorbance of the assays was recorded by using a digital 

spectrophotometer. 

2.2.5. Antibacterial activity. 

By using the disc diffusion technique, the antibacterial activity of E. hirta TiO2 

nanoparticles was evaluated. The stoppage of bacterial growth was left overnight. 

Pseudomonas aeruginosa, Escherichia coli, and Bacillus subtilis were the microorganisms 

employed in this assay. Using Whatman filter papers, which were cut into small, circular discs 

with a 6mm diameter, the strains were daubed in Agar. The solutions were formed with 3 

concentrations, i.e., 20% (200 µg/ml), 40% (400 µg/ml), and 60% (600 µg/ml). Amoxicillin 

was used as standard at a concentration of (600 µg/ml). The paper discs and plates were 

autoclaved and sterilized. The disc was then coated with a nanoparticle of TiO2, and the 

bacterial culture was incubated in the incubator at 38°C for around 24 hours. The outcomes 

were very excellent. The bacteria's growth was inhibited with dignity using an extremely 

accurate scale, and the average length of the suppression by each concentration was determined 

and indicated in millimeters, as shown in the results section.  

2.2.6. Antioxidant activity. 

2.2.6.1. DPPH assay. 

The synthesized nanoparticles' antioxidant activity was evaluated using the digital 

spectrophotometer, opting for the method used by Santhoshkumar et al. [25,26]. In short, a 0.3 

mM ethanol-based DPPH solution was made. The absorbance of DPPH in ethanol was 

measured at 517 nm as a control, and it remained constant during the test. 1ml ethanol was 

added in 3 sets of test tubes; in each of the test tubes, different concentrations, i.e., 20, 40, 60, 

80, and 100 µl of the NPs solution were added. Later, 1 ml DPPH was added to this solution, 

and the test tubes were covered with the foil and kept in a dark room for 1 hour. The antioxidant 

activity was expressed as a percentage of radical scavenging activity and was calculated by the 

following formula: 

𝑅𝑆𝐴 (%) = 100
(𝐴𝑐−𝐴𝑠)

𝐴𝑐
        (1) 

where Ac represented the control's absorbance (no nanoparticles) and As stood for the 

absorbance of the sample.  

2.2.6.2. Phosphomolybdate assay. 

The methodology opted for by Sujatha et al. [27] was used for the antioxidant efficacy 

of TiO2 nanoparticles, which was evaluated using the phosphomolybdate method. Test tubes 

were filled with samples (20, 40, 60, 80, and 100 μl) and 1 ml of the reagent solution (0.6 Molar 

sulfuric acid, 28 millimolar sodium phosphate, and 4 millimolar ammonium molybdate). After 

securely capping the test tubes with the foil, they were placed in a water bath at 95 °C for 90 

minutes. After bringing the samples down to room temperature, the absorbance at 695 nm was 

determined. The standard was ascorbic acid. The calculation of antioxidant activity was done 

by using the following formula: 

% 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = 100 
(𝐴𝑐−𝐴𝑠)

𝐴𝑐
      (2) 
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where Ac represented the control's absorbance (no nanoparticles) and As stood for the 

absorbance of the sample.  

2.2.7. Antidiabetic activity. 

According to the methodology opted by Paun et al. [28,29], the antidiabetic potential 

was evaluated. One milliliter of reagent (0.20 mM phosphate buffer, pH 6.9) containing α-

amylase (0.5 mg/ml)) solution was mixed with 20, 40, 60, 80, and 100 µl of test samples and 

standard medicine. The mixture was then incubated at 35°C for ten minutes. Following this, 

each test tube had 1 milliliter of a 1% starch solution in 0.02 Molar sodium phosphate buffer 

(pH 6.9). After that, the reaction mixtures were incubated for ten minutes at 35°C. A 1.0 

milliliter DNS reagent was used to end the reaction. After five minutes of incubation in a 

boiling water bath, the test tubes were eventually allowed to cool to room temperature. After 

adding 5 ml of distilled water, the reaction mixture was diluted, and the absorbance at 540 nm 

was determined. For control, the experiment was conducted similarly by replacing 

nanoparticles with ethanol. Acarbose was used as standard. Plotting a percentage of α-amylase 

inhibition versus the concentration of TiO2 nanoparticles allowed for calculating the IC50 

values from the graph. The following is how the α-amylase inhibitory activity was determined: 

Inhibition (%) =  (1 −
𝐴𝑠

𝐴𝑐
) 𝑋100                               (3) 

where Ac represented the control's absorbance (no nanoparticles) and As stood for the 

absorbance of the sample.  

2.2.8. Statistical analysis. 

Calculations and graphs were produced using MS Excel and Origin 9 Pro. All the 

experiments are repeated 3 times and are presented in the form of mean ± standard deviation. 

3. Result and Discussion 

3.1. Phytochemical analysis. 

The plant extract is employed as a potential replacement for a reducing agent because 

of the presence of numerous key bioactive components such as terpenoids, alkaloids, phenolics, 

and tannins. The results of the phytochemical screening examination of the ethanolic plant 

extract are shown in Table 1. Alkaloids, flavonoids, sugars, and terpenoids are the plant's 

primary chemical constituents, as seen in Table 1. The outcomes of an in vitro phytochemical 

study are shown in Table 1. 

Table 1. In vitro phytochemical screening. 

S. No. Bioactive chemicals Results 

1 Steroids - 

2 Phenolics + 

3 Terpenoids + 

4 Alkaloids + 

5 Proteins + 

6 Carbohydrates + 

(-) Represents absence and (+) represents presence 
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3.2. UV-visible spectral analysis. 

The structural properties of TiO2 nanoparticles were evaluated using a UV-visible 

spectrophotometer (Shimadzu UV-1800 Japan). 2 ml of TiO2 NPs were introduced to the 

cuvette, and the calculation's "blank" was ethanol. Spectrum absorption of the TiO2 NP was 

measured between 200 and 800 nm at various wavelengths. The resulting graph reveals that 

the sharp peak is at 326 nm in wavelength. A clear visual result with the absorption peak was 

shown after scanning. When the absorbance of the peak was compared with the absorbance of 

titanium dioxide nanoparticles using the sources, i.e., the internet and literature, the synthesized 

TiO2 nanoparticles were validated [30,31]. When the particle size decreases, the adsorption 

edge will shift towards higher energy [32]. TiO2 nanoparticle peak is depicted in Figure 1 by 

UV-visible spectrum analysis.  

 

Figure 1. UV spectra of TiO2 nanoparticles. 

3.3. Scanning electron microscope (SEM). 

The synthesized TiO2 nanoparticles exhibited a flakes-like structure and aggregated 

into an irregular structure with an average diameter of 85 nm. It was discovered that the powder 

particles were rather tightly packed. TiO2 nanoparticle composition was investigated using 

EDX analysis. Figure 2 depicts the surface morphology of TiO2 nanoparticles. The powder 

particles were found to be quite densely packed. EDX analysis was used to study the 

composition of TiO2 nanoparticles Figure 3. The surface morphology of TiO2 nanoparticles is 

seen in the image below.  

 
Figure 2. SEM image of TiO2 nanoparticles. 

https://doi.org/10.33263/LIANBS141.001
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS141.001  

 https://nanobioletters.com/ 8 of 13 

 

 
Figure 3. EDX report of TiO2 nanoparticles. 

Table 2. Percentage of constituent present in the nanoparticle.  

eZAF Quant - Analysis Uncertainty: 99.00 % 

Component Weight % Atomic % Error % Net Int. 

C 68.3 80.6 8.8 45265.6 

O 16.6 14.7 11.6 5768.3 

Cl 1.7 0.7 4.1 1420.5 

Ti 13.5 4.0 2.7 5645.7 

3.4. XRD analysis. 

X-ray diffraction of the nanoparticles was performed using a 40 kV X-ray source with 

cu and k radioactivity. In this study, the TiO2 powder's size was reduced through the use of a 

physical grinding technique. With a mortar and pestle, about 10 mg of TiO2 powder was 

crushed into a fine powder. It was consistently ground and finely powdered and was 

characterized by XRD. Data were gathered for the 2 range from an X-ray diffractometer 

examination of the synthesized sample of TiO2 nanoparticles using Cu-K X-rays. The 

formation of TiO2 nanoparticles was validated by the study's peak results of XRD with the 

reported one. The XRD pattern is shown in Figure 4. The anatase phase of TiO2 is confirmed 

by all of the diffraction peaks cited at 24.310 (101), 37.79 (004), 48.050 (200), 53.889 (105), 

and 68.761 (116) in the XRD pattern of the synthesized TiO2 NPs, which correlates with the 

JCPDS database (89–4921) [33]. 

 
Figure 4. XRD Spectra of TiO2 nanoparticles. 

https://doi.org/10.33263/LIANBS141.001
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS141.001  

 https://nanobioletters.com/ 9 of 13 

 

3.5. Antibacterial activity. 

TiO2 nanoparticles have shown excellent effectiveness against three types of bacteria: 

Escherichia coli, Bacillus subtilis, and Pseudomonas aeruginosa. It was discovered that the 

plant-mediated TiO2 nanoparticles have extremely substantial antibacterial activity against 

Escherichia coli (37 ± 3.4mm), Pseudomonas aeruginosa (35 ± 3.5 mm), and Bacillus subtilis 

(36 ± 2.3 mm) against the standard amoxicillin wiz. (23 ± 2.2 mm), (22 ± 1.5 mm) (15 ± 1.44 

mm), respectively, at the maximum concentration of 600 µg/ml as shown in Figures 5 and 6. 

The experiment was done in triplicate. Disc diffusion analyses are performed to recognize ZOI, 

a circular appearance formed in the Petri dish, which a ruler then measures. The titanium 

dioxide nanoparticles are capable of inhibiting bacterial growth by dissolving the outer 

membrane of the bacteria. The study's findings indicate that the nanoparticles outperform 

regular amoxicillin in terms of effectiveness. 

 

 

(a) (b) (c) 

Figure 5. Zone of inhibitions of (a) Escherichia coli; (b) Pseudomonas aeruginosa; (c) Bacillus subtilis, and 

the standard is shown by S. 
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Figure 6. Shows the zone of inhibition of the bacteria compared with the standard amoxicillin. 

3.6. Antioxidant activity. 

The antioxidant activity of synthesized TiO2 nanoparticles made from Euphorbia hirta 

stem extract was assessed in this work, and it was discovered that they were potent antioxidants. 

When the nanoparticle concentration is increased from 20 to 100 µl, a noticeable color shift is 

seen in the phosphomolybdate and DPPH tests. The color shift, which indicates the 

nanoparticle's potential for reduction, suggests that the sample may be a strong antioxidant. 

Figure 7 displays the ascorbic acid (as standard) and TiO2 nanoparticle's DPPH radical 
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scavenging abilities. The DPPH radical scavenging activity of TiO2 nanoparticles was good, 

with an IC50 value of 39.01 ± 0.56 µg/ml. This result, at 25.36 ± 1.02 µg/ml, was marginally 

higher than that of ascorbic acid. All samples showed DPPH radical scavenging activity in a 

dose-dependent manner. The same dose-dependent action has also been seen in the 

phosphomolybdate assay, as the antioxidant capacity increases with the increase in the 

concentration of the nanoparticles. The calculated IC50 value for phosphomolybdate assay was 

48.29 ± 0.69µg/ml, and for standard ascorbic acid, it was found to be 34.07 ± 0.39µg/ml. Figure 

7 depicts the comparison of IC50 of two methods with standard. Based on the results, the 

domains of pharmacology and biology can make use of these nanoparticles.  

 
Figure 7. Shows IC50 DPPH and Phosphomolybdate Assay compared with the standard. 

3.7. Antidiabetic activity. 

An essential enzyme in the metabolism of carbohydrates is α -amylase. One of the 

greatest methods to lower blood sugar is to inhibit α-amylase. Starch blockers, also known as 

amylase inhibitors, stop the body from absorbing starches from food. Therefore, it will lessen 

the typical spike in blood sugar caused by carbohydrate ingestion.  

 
Figure 8. Shows IC50 of α-amylase assay compared with standard. 

Treating diabetes will benefit more from using nanoparticles with strong antioxidant 

activity. The calculated IC50 value measured was 55 ± 1.69µg/ml, whereas the IC50 value of 

standard acarbose have 14.21 ± 0.53µg/ml, which depicts the good antidiabetic potential of the 

synthesized TiO2 nanoparticles. Figure 8 shows the comparison between the IC50 value of the 

standard and synthesized nanoparticles. 
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From the outcomes of the activities, it can be concluded that the TiO2 nanoparticles 

synthesized from the stem extract of Euphorbia hirta are very potent particles as they show 

good IC50 values. So, these particles can be used in various fields such as medical, 

pharmaceutical, and drug delivery systems. 

4. Conclusions 

Titanium dioxide nanoparticles have been successfully synthesized using the stem 

extract of E. hirta from northern India. According to the phytochemical screening test, the 

plant's ethanolic extract has a range of bioactive ingredients, including plant metabolites and 

other phytochemicals. The synthesis of titanium dioxide nanoparticles was verified by UV-

visible spectroscopy. The absorbance peak indicates the presence of TiO2 nanoparticles, XRD, 

and SEM, while the elemental composition of the nanoparticles was also tested through EDX. 

The antibacterial activity of E. hirta was tested using the disc diffusion method, and the 

findings are good compared to the performance of the standard antibiotic. Our analysis revealed 

that a significant amount of bacterial growth was suppressed at different nanoparticle 

concentrations. From the antioxidant activity, it is concluded that the nanoparticles have an 

excellent free radical quenching property. The alpha-amylase inhibitory activity showed good 

antidiabetic properties in these nanoparticles. Further, the TiO2 nanoparticles can be explored 

for many other biological in-vivo activities to analyze their efficiency and for drug discovery. 
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