
 

 
 

 

 
Antibiotics 2022, 11, 1690. https://doi.org/10.3390/antibiotics11121690 www.mdpi.com/journal/antibiotics 

Article 

Synthesis of Green Engineered Silver Nanoparticles through 

Urtica dioica: An Inhibition of Microbes and Alleviation of 

Cellular and Organismal Toxicity in Drosophila melanogaster 

Mahendra P. Singh 1,*,†, Shabnam Shabir 1,†, Aman Singh Deopa 1, Sanchina Raj Raina 1, Farkad Bantun 2,  

Naif A. Jalal 2, Noha E. Abdel-razik 3, Yahya F. Jamous 4, Maryam S. Alhumaidi 5, Khadijah A. Altammar 5,  

Ahmed Hjazi 6, Sandeep Kumar Singh 7,* and Emanuel Vamanu 8,* 

1 School of Bioengineering and Biosciences, Lovely Professional University, Phagwara 144411, India 
2 Department of Microbiology, Faculty of Medicine, Umm Al-Qura University, Makkah 24451, Saudi Arabia 
3 Department of Medical Laboratory Technology, Faculty of Applied Medical Sciences, Jazan University, 

Gizan 82651, Saudi Arabia 
4 National Center of Vaccines and Bio Processing, King Abdulaziz City for Science and Technology (KACST), 

Riyadh 11564, Saudi Arabia 
5 Department of Biology, College of Science, University of Hafr Al Batin, Hafr Al Batin 31991, Saudi Arabia 
6 Department of Medical Laboratory Sciences, College of Applied Medical Sciences, Prince Sattam bin  

Abdulaziz University, Al-Kharj 11942, Saudi Arabia 
7 Indian Scientific Education and Technology Foundation, Lucknow 226002, India 
8 Faculty of Biotechnology, University of Agricultural Sciences and Veterinary Medicine,  

011464 Bucharest, Romania 

* Correspondence: mahendra.19817@lpu.co.in or mprataps01@gmail.com (M.P.S.);  

sandeeps.bhu@gmail.com (S.K.S.); email@emanuelvamanu.ro (E.V.) 

† These authors contributed equally to this work. 

Abstract: Plant fractions have a diversity of biomolecules that can be used to make complicated 

reactions for the bioactive fabrication of metal nanoparticles (NPs), in addition to being beneficial 

as antioxidant medications or dietary supplements. The current study shows that Urtica dioica (UD) 

and biologically synthesized silver nanoparticles (AgNPs) of UD have antibacterial and antioxidant 

properties against bacteria (Escherichia coli and Pseudomonas putida) and Drosophila melanogaster (Or-

egon R+). According to their ability to scavenge free radicals, DPPH, ABTS, TFC, and TPC initially 

estimated the antioxidant potential of UD and UD AgNPs. The fabricated AgNPs were analyzed 

(UV‒Vis, FTIR, EDS, and SEM) to determine the functional groups (alcohol, carboxylic acids, phe-

nol, proteins, and aldehydes) and to observe the shape (agglomerated crystalline and rod-shaped 

structure). The disc diffusion method was used to test the antimicrobial properties of synthesized 

Ag-NPs against E. coli and P. putida. For 24 to 120 h, newly enclosed flies and third instar larvae of 

Drosophila were treated with UD and UD AgNPs. After exposure, tests for biochemical effects (ace-

tylcholinesterase inhibition and protein estimation assays), cytotoxicity (dye exclusion), and behav-

ioral effects (jumping and climbing assays) were conducted. The results showed that nanoparticles 

were found to have potent antimicrobial activity against all microbial strains tested at various con-

centrations. In this regard, ethno-medicinal characteristics exhibit a similar impact in D. melano-

gaster, showing (p < 0.05) significantly decreased cellular toxicity (trypan blue dye), enhanced bio-

chemical markers (AChE efficacy and proteotoxicity), and improved behavioral patterns in the or-

ganism treated with UD AgNPs, especially in comparison to UD extract. The results of this study 

may help in the utilization of specific plants as reliable sources of natural antioxidants that may 

have been beneficial in the synthesis of metallic NPs, which aids in the production of nanomedicine 

and other therapeutic applications. 
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1. Introduction 

Nanobiotechnology, including metal nanoparticles (NPs), has attracted great interest 

owing to its reducing character and broad application spectrum in practically each do-

main of research and technology, especially biological engineering [1]. These tiny particles 

differ in attributes from a chemical aspect with the same composition because of their high 

surface-to-volume ratio [2]. Metal NPs are currently very significant due to their optical 

characteristics, catalytic activity, electrical properties, magnetic activity, antioxidant activ-

ity, and antibacterial activity [3]. In medicine and pharmacy, NPs are used in a variety of 

innovative ways, such as in medical imaging, filters, nanocomposites, drug carriers, and 

compositions, to treat various diseases, including cancer [4–7]. In data analysis for the 

identification of proteins, antibodies, and cancer cells, gold NPs have been employed [8,9]. 

Even against infectious organisms, including Pseudomonas putida, Escherichia coli, Syphillis 

typhus, Staphylococcus aureus, and Vibria cholera, AgNPs are also recognized as antimicro-

bial agents [10]. However, apart from silver and gold NPs, the literature also discussed 

NPs made of copper oxide (CuO NPs), zinc oxide (ZnO NPs), iron (I NPs), copper (Cu 

NPs), nickel oxide (NiO NP), and NPs made of iron hydroxide (I OOH) and iron oxide 

(IO NPs) [11–14]. 

NPs synthesized chemically frequently need harmful stabilizing and reducing chem-

icals (ethylene glycol, hydrazine hydrate, dimethylformamide, and sodium borohydride) 

[15]. Natural techniques of synthesis involving microbes and biological systems are re-

quired for the fabrication of nanomaterials for biomedical purposes [16]. A technique 

known as biogenic synthesis or green synthesis has been acknowledged as an environ-

mentally friendly method for producing a variety of nanomaterials, including hybrid ma-

terials and therefore bioinspired materials, in addition to metal/metal oxide nanoparticles. 

NPs can be synthesized biologically by combining metal cations with living creatures, 

plant fractions, algae, yeasts, bacteria, lichens, and fungi [17,18]. In contrast to those pro-

duced chemically, the NPs produced through biosynthesis are more stable and less harm-

ful [19]. The extract components, which contain a variety of bioactive substances, such as 

trace metal ions, terpenoids, alkaloids, flavonoids, polyphenols, vitamins, saponins, ca-

rotenoids, and biological catalysts (enzymes), are essential for the formation of NPs be-

cause they act as potent stabilizing agents, reducing agents, or precursor molecules for the 

formation of NPs [20]. There are two steps in the synthesis of NPs. The metal ions are 

reduced in the first step, and then, colloidal nanoparticles clump together to form oligo-

meric clusters [21]. 

The key challenges in the biogenic synthesis of nanoparticles are acquiring the ap-

propriate shape, size, and crystallinity of the particles in the solution phase [22]. Numer-

ous variables, including temperature, pH, and incubation or reaction time, have often 

been considered to manage the synthesis process [23]. In addition to their ability to pro-

duce AgNPs, natural extracts have been shown in numerous studies to possess outstand-

ing antioxidant activity that is superior to that of substrates as shown in Table 1 [24]. This 

activity is thought to be caused by the extract components preferentially solubilizing on 

nanoparticle surfaces [25]. AgNPs mediated by extracts have also demonstrated anti-

cancer properties [26]. AgNPs generated from Azadirachta indica leaf and Calligonum como-

sum root fractions have been shown to be cytotoxic to HepG2, LoVo, and MDA-MB231 

cell lines [27]. The AgNPs fabricated utilizing the M. citrifolia root fraction resulted in the 

complete demise of the HeLa cell lines [28]. In addition, extracts from Datura inoxia [29] 

and Alternanthera tenella [30] seemed helpful in the formation of AgNPs that inhibited the 

proliferation of MCF-7 cell lines (human breast cancer). Recent studies have demonstrated 

the effectiveness of the C. sativa leaf fraction in mediating the synthesis of AgNPs and their 

antibacterial potential against a few harmful bacteria, including P. fluorescens, S. aureus, K. 

pneumoniae, and E. coli [31]. 

Since ancient times, U. dioica has been a staple herbal treatment [32]. The edible sec-

tion of nettle plants is rich in a range of compounds, including polyphenols, quercetin, 

reducing sugars, alkaloids, and vitamins [33]. By reducing and chelating metal ions, 
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scavenging free radicals, reducing lipids, and interacting favorably with antioxidant en-

zymes, these plants have powerful antioxidant potential [34]. UD has undergone signifi-

cant research and has demonstrated good outcomes in rat colon carcinogenesis [35], the 

management of prostate enlargement [36], prevention of hypercholesterolemia [37] and 

hyperglycemia [38]. 

In this study, silver nanoparticles synthesized from Urtica dioica leaf extract by green 

synthesis and its modulatory effects in Drosophila melanogaster were reported for the first 

time. The basic cognitive and preventive effects of UD have been documented in the liter-

ature. The current study demonstrates the amelioration of UD extract and biologically 

synthesized silver nanoparticles (AgNPs) of UD against bacteria (Escherichia coli and Pseu-

domonas putida) and Drosophila melanogaster (Oregon R+). The fabricated NPs were ana-

lyzed through FTIR, SEM, EDX, and UV-visible techniques. The disc diffusion method 

was employed to test the antimicrobial properties of synthesized AgNPs against E. coli 

and P. putida. In addition, using a nontarget in vivo model of Drosophila, we aimed to 

study the modulatory effects at the cellular and neurological levels. We also examined its 

organismal effects on D. melanogaster, which has been shown to be a useful model for neu-

rodegenerative disorders such as Parkinson’s disease (PD). 

Table 1. Synthesis of green silver nanoparticles using various plant extract and its applications. 

S. No. Plants Plant Part Used Size (nm) Shape Properties References 

1. Moringa oleifera Leaves 12 Rectangle 
Antimicrobial and anti-

cancer agents 
[39] 

2. 
Azadirachta 

indica 
Leaves 19–20 Triangle 

Antibacterial, skin 

healing, and antifungal 
[40] 

3. Ocimum tenuiflorum Leaves 49–50 Cuboidal 
Antibacterial and anti-

oxidant 
[40] 

4. Lansium domesticum Fruit 11–31 Spherical 
Wound healing poten-

tial and anti-aging 
[41] 

5. Phytolacca decandra Whole plant 89.96 Spherical 
Antioxidant and anti-

parasitic 
[42] 

6. Vitex negundo Leaves 19–20 Cubic Antibacterial activity [43] 

7. Nelumbo nucifera Root 15.9 Polydispersed 
antimicrobial and 

anti-diarrheal 
[44] 

8. Cucurbita maxima Petals 20 Crystals Antimicrobial [39] 

9. Calotropis gigantea Latex 6–29 Spherical Antidote for snake bite [45] 

10. Carica papaya Leaves 49–249 Spherical Antibacterial activity [46] 

2. Results 

The subsections below describe the findings of the experiments and assessments 

used to evaluate the potential of UD and UD-AgNPs in microorganisms (E. coli and P. 

putida) and D. melanogaster. 

2.1. Analytical Assays 

2.1.1. The Antioxidant Efficacy of UD and UD-AgNPs 

The DPPH assay technique is based on the antioxidant ability to scavenge DPPH rad-

icals. The maximal UV-vis absorption of DPPH is between 515 and 520 nm. The organic 

nitrogen radical combines with hydrogen/electron donor molecules, resulting in a brown-

ish or yellow radical solution with decreased absorbance. The in vitro reductive and anti-

radical activities of UD and UD-AgNPs are beneficial for future antioxidant studies. As 

illustrated in Figure 1, UD-AgNPs had a stronger radical scavenging potential than the 

UD extract in DPPH. The primary factor responsible for the antioxidant capacity of frac-

tions is the redox potential of phenolic components, which function as reducing agents. 
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As previously mentioned, DPPH can take both an electron and a hydrogen radical, which 

turn it into a stable diamagnetic molecule. 

 
(a) (b) 

Figure 1. The antioxidant activity of AgNPs produced from U. dioica extract was measured and 

compared to the DPPH (a) and ABTS (b) assays. At various concentrations, the antioxidant capacity 

was measured (0.1, 0.2, and 0.3 mg/mL). The radical scavenging abilities of DPPH and ABTS were 

dose dependent, implying that as the concentration of AgNPs increased; similarly, the scavenging 

activities increased against both radicals (the antioxidant potential for DPPH and ABTS was 63.3–

83.5% and 56.7–77.1%, respectively). The data are shown as the mean ± SD (n = 3). Statistical signif-

icance was ascribed as * p < 0.05 (intergroup) and # p < 0.05 (intragroup) compared with and 0.1 

mg/mL of the respective groups. 

ABTS is an unstable, free radical that is employed to study the antioxidant abilities 

of hydrophilic and hydrophobic antioxidants present in nutraceutical fractions. The radi-

cal scavenging ability of ABTS in the samples obtained was found to be highest in UD-

AgNPs, followed by UD. The maximal UV‒Vis absorption of ABTS is 415. These findings 

suggest that biosynthesized silver nanoparticles of UD have a greater potency in scaveng-

ing ABTS free radicals, as well as enhanced antiradical and antioxidant ability. 

2.1.2. EC50 Calculation Using Statistical Tools 

The EC50 value is an important characteristic for analyzing antioxidant potential and 

might be used to calculate the antioxidant activity of various substances. The EC50 can be 

estimated by plotting data from an appropriate curve or by using a regression model with 

multiple components on the data. EC50 can be computed using a variety of models. Lower 

EC50 values suggest more radical scavenging activity. 

UD-AgNPs were shown to have enhanced antioxidant potential due to a higher total 

phenolic content and flavonoid concentration, with EC50 values of 0.05 mg/mL and 0.12 

mg/mL for UD in DPPH scavenging. The EC50 values for UD-AgNPs are 0.07 mg/mL and 

0.22 mg/mL for UD in ABTS radicals, respectively, as shown in Figure 2 and Table 2. 
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(a) (b) 

Figure 2. Dose‒response profiles of the calculated EC50 (mg/mL) of Urtica dioica (UD) and biosyn-

thesized nanoparticles of UD (UD-AgNPs) in the DPPH (a) and ABTS (b)-free radical scavenging 

tests. 

Table 2. Using DPPH and ABTS assays, various models were used to estimate the predicted EC50 

(mg/mL) of UD and UD-AgNPs. 

S. No. Assays Samples EC50 (mg/mL) 

1. DPPH UD 0.12 

2.  UD-AgNPs 0.05 

3. ABTS UD 0.22 

4.  UD-AgNPs 0.07 

2.1.3. Flavonoid and Phenolic Potential of UD and Biosynthesized AgNPs of UD 

After AgNPs synthesis, the TFC and TPC of the UD extract and UD-AgNPs superna-

tant were evaluated, and the results were analyzed based on quercetin and gallic acid 

equivalents, respectively. The total phenol and total flavonoid decreases in the extracts 

were determined to quantify the number of flavonoids and phenols employed in the fab-

rication of AgNPs or associated with their surfaces. 

In terms of total flavonoid content (TFC), biosynthesized AgNPs of UD (17.94 mg 

(QE)/g) were determined to be the highest, followed by UD extract (14.6 mg (QE)/g). In 

addition, the same was observed for the total phenolic content (TPC); UD (33.12 mg 

(GAE)/g) had a lower flavonoid concentration than UD-AgNPs (40.00 mg (GAE)/g) (Fig-

ure 3 and Table 3). 

Table 3. TPC and TFC results for UD and UD-AgNPs are shown as the mean ± SD. 

S. No. Assays 
Concentration 

(mg/mL) 

Urtica dioica 

(UD) 

Biosynthesized AgNPs 

of UD 

1. TFC (mg (QE)/g) 0.1 6.391 8.137 

2.  0.2 9.168 12.210 

3.  0.3 14.62 17.945 

4. TPC (mg (GAE)/g) 0.1 21.375 29.916 

5.  0.2 28.625 35.833 

6.  0.3 33.125 40.00 



Antibiotics 2022, 11, 1690 6 of 25 
 

 
(a) (b) 

Figure 3. Total phenolic (a) and flavonoid (b) contents of Urtica dioica (UD) and biosynthesized silver 

nanoparticles of UD (UD-AgNPs). The data are shown as the mean ± SD (n = 3). Statistical signifi-

cance was ascribed as * p < 0.05 (intergroup) and # p < 0.05 (intragroup) compared with and 0.1 

mg/mL of the respective groups. 

2.1.4. Characterization Techniques of Biosynthesized silver Nanoparticles (AgNPs) 

In determining the morphology, size, structure, shape, surface chemistry, dispersity, 

surface area, and surface charge of AgNPs, characterization is a fundamental step. Several 

methods are implemented to characterize AgNPs, which are given below. 

2.1.5. UV‒Vis Spectroscopy 

The biosynthesis of AgNPs using UD in an aqueous medium was evaluated by taking 

the absorption spectrum in the 200–800 nm wavelength range. When silver nitrate solu-

tion was added to the UD leaf fraction, it turned dark brown in color, indicating the syn-

thesis of AgNPs, whereas there was no change in color in the absence of the plant fraction 

(Figure 4A–C). A distinct, intense, and broad (surface plasmon resonance) peak at 456 nm 

was observed in the UV‒Vis spectra, confirming the synthesis of AgNPs. Previous re-

search suggested that AgNPs have an SPR peak between 410 and 460 nm, which could be 

attributed to spherical NPs. 

2.1.6. Fourier-Transform Infrared Spectroscopy (FTIR) 

Fourier-transform infrared technology is a technique that helps in the qualitative 

analysis of nanomaterials. It determines the functional groups (alcohols, phenols, alkanes, 

and ketones) present in the synthesized silver nanoparticles (AgNPs) of UD. The presence 

of functional groups can be observed from the peaks formed in the FTIR spectrum (Figure 

4D). The spectra represent the peaks at 420.5 cm−1, 1635.69 cm−1, and 3282.95 cm−1. The 

absorbance spectra fall in the range of 400–500 cm−1. Two other peaks were monitored in 

the spectra that are elongated U-shaped. These two peaks represented two functional 

groups at two different wavenumbers. The adsorption peak at 3282.95 cm−1 represents the 

hydroxyl group (OH) of the compound class alcohol. Another adsorption peak at 1635.69 

cm−1 represents the C=C group of compound class alkene. The peaks formed in the FTIR 

spectrum are due to the presence of flavonoids and phenols in the leaf fraction of the U. 

dioica plant. These phenols and flavonoids are responsible for the reduction of Ag+ ions 

and the formation of AgNPs. 
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Figure 4. UV‒visible spectra of Urtica dioica extract (A), silver nitrate (B), and biosynthesized nano-

particles of UD (C) in the absorption spectrum of 200–800 nm. The functional groups of Urtica dioica 

leaf extract responsible for the formation and stability of silver nanoparticles (UD-AgNPs) were in-

vestigated using FTIR (D) with a scan range of 400–4000 cm−1. 

2.1.7. Scanning Electron Microscopy (SEM) 

Scanning electron microscopy helps in the quantitative and qualitative analysis of 

nanomaterials. It determines the shape and size of AgNPs. SEM works on the principle of 

scanning the nanoparticle sample under an electron beam of high energy. The sample is 

placed under vacuum conditions. SEM provides images with high resolution, which 

makes it a useful and widely employed instrument in determining the size and shape of 

NPs. The SEM images revealed that the shape of some of the AgNPs obtained was spher-

ical; some were oval, while others were irregular in shape. Figure 5a,b shows the size of 

AgNPs, which varies from 29 to 70 nm. The irregular shape of AgNPs could have been 

because of the temperature, pH, and concentration of AgNO3 (Figure 5a–d). 



Antibiotics 2022, 11, 1690 8 of 25 
 

 

Figure 5. SEM-EDX spectra of biosynthesized silver nanoparticles. SEM images (a–d) of the AgNPs 

demonstrate that their spherical shape ranges from 29 to 70 nm in size. An elemental analysis of 

AgNPs was confirmed by EDX (e), which reveals that 79% of the material is made up of Ag. A strong 

peak signal was observed at 3 KeV, which is characteristic of metallic AgNPs absorption. 

2.1.8. Energy Dispersive X-ray Spectroscopy (EDS) 

EDS is a technique that helps in the chemical analysis of nanoparticles. Energy-dis-

persive X-ray spectroscopy monitored the X-rays generated by the sample (UD-AgNPs), 

which was placed under an electron beam. The energy of the X-rays forms the peaks in 

the spectrum. Analysis of AgNPs through EDS is performed in the energy range of 0–20 

keV. The spectra show a strong indication of silver in the synthesized sample at 3 keV. 
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From the EDS results, it was observed that the concentration of silver in the nanoparticles 

was 79% (Figure 5e). The other peaks obtained showed the presence of other compounds 

in the nanoparticle sample, such as carbon (10.2%), oxygen (7.4%), chlorine (3.0%), and 

nitrogen (0.5%). The presence of carbon might have been due to contamination all over 

the place, whereas the presence of oxygen, chlorine, and nitrogen indicated that leaves 

constitute some organic components as well. 

2.2. The Bactericidal Potential of Green-Engineered AgNPs against E. coli and P. putida 

The silver nanoparticles (AgNPs) were tested against E. coli and P. putida at different 

concentrations via the disc diffusion method by determining the zone of inhibition (Figure 

6A,B). From Table 4 shown below, it can be observed that the diameter for the zone of 

inhibition is increased by increasing the concentration of the AgNPs. The control that was 

taken is amoxicillin, which is an antibiotic that possesses the maximum diameter in the 

table. Hence, the AgNPs extracted from nettle leaves possess antimicrobial or bactericidal 

properties as they were tested against an antibiotic. In all the above mentioned tabular 

cases, zones of inhibition are observed. 

 

Figure 6. Antibacterial potential of AgNPs fabricated using the aqueous leaf fraction of U. dioica 

against Escherichia coli (A) and Pseudomonas putida (B) bacterial strains. Note: 1 = Antibiotic (Amox-

icillin 20 µg/mL), 2 = UD-AgNPs (10 µg/mL), 3 = UD-AgNPs (20 µg/mL), and 4 = UD-AgNPs (40 

µg/mL). 

Table 4. Antimicrobial effect of AgNPs in Escherichia coli and Pseudomonas putida. 

Name of Bacteria 
Concentration of AgNPs 

(µg/mL) 
Zone of Inhibition (in mm) 

E. coli 10 3 ± 0.2 

 20 7 ± 0.44 

 40 8 ± 0.2 

 Antibiotics (20 µg/mL) 10 ± 1.73 

P. putida 10 4 ± 0.26 

 20 5 ± 0.1 

 40 8 ± 0.2 

 Antibiotics (20 µg/mL) 11 ± 1.0 

Values are given as the mean ± SD, n = 3. 
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2.3. Cellular Assays 

Cytotoxicity of AgNO3 and amelioration through bioactive compounds of UD and 

UD-AgNPs evaluated by a dye exclusion test (Trypan Blue) in tissues of treated Drosoph-

ila. 

We evaluated trypan blue staining in D. melanogaster larval tissues, as shown in Fig-

ure 7, to determine whether AgNO3 exposure results in tissue damage. Larvae exposed to 

AgNO3 exhibited 45% blue staining in their tissues (midgut, brain ganglia, gastric caeca, 

and salivary gland). UDCA, biosynthesized AgNPs of UD, and the control showed far less 

blue staining than the AgNO3 group in the abovementioned tissues. 

 

Figure 7. Dye exclusion test through trypan blue staining in dissected third instar larvae (Seventy-

two hours old) of D. melanogaster (Oregon R+) exposed to AgNO3, UD, and UD-AgNPs for 48 h. Note: 

bg = brain ganglia, pv = proventriculus, sg = salivary glands, mt = Malpighian tubules, mg = midgut, 

and hg = hind gut. The bar represents 100 µm. AgNO3 = silver nitrate, UD = Urtica dioica, and UD-

AgNPs = biosynthesized silver nanoparticles of Urtica dioica. 

2.4. Biochemical Assays 

2.4.1. Biosynthesized AgNPs of UD Improved AChE Activity in D. melanogaster 

In this research, it was observed that when the larvae were treated with AgNO3 (90.3 

± 0.93 × 104 moles/min/g) for 24 h, there was a statistically significant (p < 0.001) reduction 

in AChE levels in comparison to the untreated/control (100.0 ± 1.65 × 104 moles/min/g) 

group. The AChE levels in the UD (106.8 ± 0.93 × 104 moles/min/g) and biosynthesized 

AgNPs of UD (108.8 ± 0.98 × 104 moles/min/g) groups improved significantly as well. UD-

AgNPs had significantly higher AChE levels than the other groups. 

After 48 h, when compared to control (100.1 ± 1.16 × 104 moles/min/g) larvae, AgNO3 

(88.6 ± 1.18 × 104 moles/min/g)-treated organisms showed the greatest suppression of 

AChE levels. The AChE levels were significantly higher in the UD (111.0 ± 0.9 × 104 

moles/min/g) and UD-AgNPs (119.1 ± 1.16 × 104 moles/min/g) groups than in the control 

treatment group (Figure 8). The AChE levels in the UD-AgNPs were substantially greater 

than those in the other groups. 
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Figure 8. Acetylcholinesterase activity in Drosophila third instar larvae exposed to AgNO3, UD, and 

UD-AgNPs for 24 h and 48 h. The data are shown as the mean ± SD (n = 3). Significance is indicated 

as * p < 0.05 and ** p < 0.01 vs. control. # is ascribed as significance at p < 0.05 and ## p < 0.01 compared 

with AgNO3. AgNO3 = silver nitrate, UD = Urtica dioica, and UD-AgNPs = biosynthesized silver na-

noparticles of Urtica dioica. 

2.4.2. Increased Protein Content in Drosophila Treated with UD and UD-AgNPs after 24 

and 48 h 

The protein content in the tissues of AgNO3-exposed Drosophila third instar larvae 

significantly decreased (p < 0.001) after exposure. The protein content after 24 h in the 

larvae was decreased in the AgNO3 group (13.03 ± 0.21 mg/mL) compared to the control 

group (14.37 ± 0.23 mg/mL). Silver nanoparticles synthesized by the UD group (16.99 ± 

0.30 mg/mL) excelled in the UD group (15.82 ± 0.20 mg/mL). In comparison to the un-

treated/control group (14.41 ± 0.19 mg/mL) after 48 h, the UD-AgNPs (18.74 ± 0.31 mg/mL) 

treatment enhanced the level of protein in the larvae, followed by UD (16.99 ± 0.13 mg/mL) 

and AgNO3 (11.78 ± 0.09 mg/mL) treatment (Figure 9). 

 

Figure 9. The protein concentration in third-instar Drosophila melanogaster (Oregon R+) larvae treated 

with AgNO3, UD, and UD-AgNPs for 24 h and 48 h. The results are the mean ± SD of three replicates 

of the same experiments. Significance is ascribed as ** p < 0.01, and *** p < 0.001 vs. control. # = 

significance at p < 0.05, and ## p < 0.01 compared with AgNO3. AgNO3 = silver nitrate, UD = Urtica 

dioica, and UD-AgNPs = biosynthesized silver nanoparticles of Urtica dioica. 
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2.5. Behavioral Assays 

2.5.1. AgNO3 Affects Locomotor Behavior (Climbing Ability) in Drosophila 

In comparison to the untreated/control group, the UD-AgNPs-treated flies displayed 

the greatest climbing ability in 30 s. Flies found it challenging to climb the cylinder walls 

in AgNO3-exposed Drosophila, where the greatest reduction was observed. The different 

groups show variable degrees of progress in their climbing abilities. Among all groups, 

UD-AgNPs (6.33%) had the lowest reduction, followed by UD (9.33%), control (8.63%), 

and AgNO3 (26.66%). An unpaired Student’s t-test was employed to compare the mean ± 

SEM to determine whether any differences were statistically significant. p < 0.001 was as-

signed as the level of significance (Figure 10). 

(A) (B) 

Figure 10. Climbing (A) and jumping (B) activity of Drosophila melanogaster (Oregon R+) flies exposed 

to AgNO3, UD, and UD-AgNPs for 120 h. The data are shown as the mean ± SD (n = 3). Significance 

is ascribed as * p < 0.05 and ** p < 0.01 vs. control. ## ascribed as significance at p < 0.01 and ### p < 

0.0001 compared with AgNO3. AgNO3 = silver nitrate, UD = Urtica dioica, and UD-AgNPs = biosyn-

thesized silver nanoparticles of Urtica dioica. 

2.5.2. Significant Variation in Jumping Ability of UD-AgNPs-Exposed Organisms 

The jumping behavior of the flies treated with AgNO3 was dramatically reduced 

(27.68%) when compared to the control. The various groups showed varying degrees of 

improvement in their jumping abilities. The UD-AgNPs (2.66%) showed the least reduc-

tion, preceded by UD (9.32%), the control (10.64%), and AgNO3, which demonstrated the 

greatest reduction. An unpaired Student’s t-test was used to compare the mean ± SEM to 

detect statistically significant differences. p < 0.001 was assigned as the significance level 

(Figure 10B). 

3. Discussion 

The present research demonstrated the biosynthesis, characterization, and applica-

tions of silver nanoparticles (AgNPs) in microorganisms (E. coli and P. putida) as well as 

the nontarget organism D. melanogaster at the cellular, neurological, and organismal levels 

for the first time. AgNPs were synthesized biologically from Urtica dioica (UD) leaves, the 

extract of which acts as a reducing agent that reduces Ag+ ions from silver nitrate 

(AgNO3). The AgNPs were synthesized in the form of dark brown pellets, which were 

converted into powdered form and utilized for characterization purposes (Figure 11). 
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Figure 11. Graphical representation and applications of green synthesized silver nanoparticles 

through Urtica dioica. 

The UD leaf fraction contains a variety of secondary metabolites, including amino 

acids, proteins, reducing sugars, polysaccharides, vitamins, and enzymes, which may act 

as metal ion reductants or scaffolds to promote the synthesis of Ag nanoparticles in solu-

tion [47]. Moreover, the mechanism behind silver bio reduction was thought to initially 

involve electrostatic interactions trapping Ag ions on the protein surface in the plant frac-

tion (recognition process). Aldehyde groups in plant fractions are involved in the conver-

sion of Ag ions into metallic Ag nanoparticles. The distinct functional groups C=N and -

C=O denote amide I of polypeptides, which oversees capping ionic compounds into me-

tallic nanoparticles. Proteins then decrease silver ions, causing secondary structural mod-

ifications and the production of silver nuclei. Molecular investigations on the production 

of Ag crystals have revealed a complicated system that grows by subsequent reduction of 

Ag ions and aggregation at nuclei [48]. The physiochemical properties required presently 

included the morphology, size, and chemicals present, as well as the chemical compounds 

or functional groups present in the synthesized AgNPs [49]. For this research, the charac-

terization techniques implemented were UV‒vis, SEM, EDS, and FTIR. 

Characterization is an important step in determining the morphology, size, structure, 

shape, surface chemistry, dispersity, surface area, and charge of AgNPs [50]. Several ap-

proaches are being used to characterize AgNPs, which are listed below. UV‒vis spectro-

photometry is a widely used technique for characterizing fabricated nanoparticles, and it 

is also often used to determine the stability and formation of Ag nanoparticles. The red-

shift in the UV‒vis spectrum of UD-AgNPs is related to the commencement of the nano-

crystal growth phase, which results in the production of more and larger particles without 

aggregation [51]. This could possibly be due to the presence of fraction constituents on the 

NPs acting as capping agents. It is important to observe that these findings are remarkably 

comparable to previous research [52]. In general, the significantly rapid color change and 

acute absorbance intensity seen in the first minutes of the process reveal the capability of 

UD extract in ultrafast nanoparticle synthesis. Numerous studies have demonstrated that 

AgNPs exhibit absorption bands in the UV‒Visible spectral region of 200–800 nm and are 

employed for NP characterization with a spectrum of 2–100 nm [53]. A distinct, intense, 

and broad (surface plasmon resonance) peak at 456 nm was observed in the UV‒Vis spec-

tra, confirming the synthesis of AgNPs. Previous research suggested that AgNPs have an 
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SPR peak between 410 and 460 nm, which could be attributed to spherical nanoparticles 

[54]. 

The Fourier-transform infrared technique is used to study the surface characteristics 

of metal nanoparticles and ascertain whether functional elements are involved in NP for-

mation. Moreover, the catalytic interaction between the enzyme and substrate has been 

studied, as well as the verification of bioactive substances covalently bound to silver [55]. 

By creating a sample diffraction pattern and depicting absorption and transmission, the 

resulting spectrum identifies UD-AgNPs. FTIR is an appropriate, beneficial, affordable, 

and simple tool for investigating the function of biomolecules in the conversion of AgNO3 

to Ag [56]. The results of this study represent the peaks at 420.5 cm−1, 1635.69 cm−1, and 

3282.95 cm−1. The absorbance spectra fall in the range of 400–500 cm−1. Two other peaks 

were observed in the spectra that are elongated U-shaped. These two peaks represented 

two functional groups at two different wavenumbers. The adsorption peak at 3282.95 cm−1 

represents the hydroxyl group (OH) of the compound class alcohol. Another adsorption 

peak at 1635.69 cm−1 represents the C=C group of compound class alkene. The peaks 

formed in the FTIR spectrum are due to the presence of phenols and flavonoids in the leaf 

fraction of UD. These phenols and flavonoids are involved in the reduction of Ag+ ions 

and the fabrication of AgNPs [57]. SEM is a surface optical technique that can determine 

distinct particle forms, shapes, size distributions and surface morphologies of fabricated 

NPs at the micro (10−6) and nano (10−9) scales [58]. A high-energy electron beam is used in 

SEM to scan across the AgNPs sample’s surface, and backscattered electrons are then de-

tected to provide sample properties. SEM images showed that some of the AgNPs ob-

tained were spherical, while others were oval, and the sizes of AgNPs varied from 29 to 

70 nm. The irregular shape of AgNPs could have been because of the temperature, pH, 

and concentration of AgNO3 [59]. The elemental composition of a AgNPs sample can be 

determined using EDX spectroscopy in conjunction with SEM. The EDS technique uses 

an X-ray detector to quantify the ratio of the number of discharged X-rays to their energy 

to identify the X-rays generated by the sample during electron beam irradiation [60]. From 

the EDS results, it was observed that the concentration of silver in the nanoparticles was 

79%. The other peaks obtained showed the presence of other different compounds in the 

nanoparticle sample, such as carbon (10.2%), oxygen (7.4%), chlorine (3.0%), and nitrogen 

(0.5%). The presence of carbon might have been due to contamination all over the place, 

whereas the presence of oxygen, chlorine, and nitrogen indicated that leaves constitute 

some organic components as well. 

DPPH and ABTS free radical scavenging assays are commonly used to assess the 

antioxidant capabilities of AgNPs [61]. At various concentrations, the antioxidant capacity 

was measured (0.1, 0.2, and 0.3 mg/mL). The radical scavenging abilities of DPPH and 

ABTS were dose-dependent, implying that, as the concentration of AgNPs increased, the 

scavenging activities increased against both radicals (the antioxidant potential for DPPH 

and ABTS was 63.3–83.5% and 56.7–77.1%, respectively). The most well-known nanopar-

ticles are generated from plant fractions, and the antioxidant capability of Ag nanoparti-

cles is frequently compared to that of the plant fraction itself [62]. Some research revealed 

increased antioxidant activity in AgNPs, whereas others showed the opposite; hence, the 

results are contradictory. Both outcomes are possible given the large number of studies 

reporting both kinds of results. In general, the antioxidant effects of AgNPs are deter-

mined by the chemical content of the fraction and typically improve as the concentration 

of AgNPs increases [63]. The nanoparticles exhibit strong scavenging when the extract 

contains phenolic chemicals and flavonoids. 

Since ancient times, Ag has been widely employed as a treatment for a variety of 

ailments. Before the invention of antibiotics, Ag was used as an antiseptic for the healing 

of burns and open wounds [64]. To check the effects of AgNPs through green synthesis 

on bacteria, an experiment on E. coli and P. putida was conducted, and the effects of AgNPs 

on both bacteria were studied. The criteria that are mainly focused on were the zone of 

inhibition at different concentrations of AgNPs, and their effectiveness compared to 
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antibiotics. Different-sized zones of inhibition were observed at different concentrations 

of AgNPs. Ag nanoparticles have different inhibitory impacts on Gram-positive and 

Gram-negative bacteria; rather, they favor one over the other. Gram-positive bacterial 

strains have been shown in some studies to be more sensitive to Ag nanoparticles than 

Gram-negative bacterial strains, but other investigations have found the opposite [65]. Ag 

nanoparticles are positively charged, whereas bacterial cell membranes are negatively 

charged. When positively charged Ag nanoparticles build up on negatively charged mem-

branes, structural changes take place that increase the permeability of the bacterial cell 

membrane [66]. Therefore, uncontrolled trafficking through the cytoplasmic membrane 

results in cell death. Ag nanoparticles may harm the genetic material within the bacterial 

cell by contacting it, which hinders transcription and translation [67]. The Trypan blue 

(dye exclusion) test in Drosophila larval tissues was used to investigate the cytotoxicity of 

UD, AgNO3, and biosynthesized AgNPs of UD. The results showed that larvae exposed 

to AgNO3 exhibited 45% blue staining in their tissues (midgut, brain ganglia, gastric caeca, 

and salivary glands). UDCA, biosynthesized AgNPs of UD, and the control showed far 

less blue staining than the AgNO3 group in the abovementioned tissues. This finding is 

supported by a prior study that revealed that plant constituents dramatically increased 

cell viability. Due to the activation of antioxidant defense systems or the existence of bio-

active components that quench free radicals, UD-AgNPs have protective properties [68]. 

To further understand the harmful effects of AgNO3, which raise cellular pro-oxidant 

levels and enable polypeptides to undergo oxidative posttranslational alterations, bio-

chemical tests were performed after treatment for 24 and 48 h [69]. The protein content in 

the tissues of AgNO3-exposed Drosophila third instar larvae was significantly reduced (p < 

0.001) after exposure. The protein content of the larvae after 24 h was reduced in the 

AgNO3 group compared to the untreated/control group. Silver nanoparticles synthesized 

by the UD group excelled the UD group. In comparison to the control group after 48 h, 

the UD-AgNPs treatment enhanced the level of protein in the larvae, followed by UD and 

finally AgNO3 treatment. This result is in accordance with an earlier study, which showed 

that various plant-mediated nanoparticles increased and maintained the protein concen-

tration in organisms [70]. 

A fundamental cholinergic system enzyme called acetylcholinesterase (AChE) regu-

lates various physiological activities, such as memory and locomotion [71]. It stops cho-

linergic neurotransmission between synapses by hydrolyzing acetylcholine into choline 

and acetate [72,73]. A significant statistical (p < 0.001) decrease in AChE activity was seen 

in this study when the larvae were exposed to AgNO3 for 24 h compared to the control/un-

treated larvae. AChE levels in the UD and biosynthesized AgNPs of UD groups improved 

significantly as well compared to the control. UD-AgNPs had significantly higher AChE 

levels than the other groups. After 48 h, when compared to control larvae, AgNO3-treated 

organisms showed the greatest suppression of AChE levels. In comparison to the un-

treated/control treatment group, AChE levels were considerably greater in the UD and 

UD-AgNPs groups. The AChE levels in the UD-AgNPs were substantially greater than 

those in the other groups. AChE levels were found to be increased by green synthesized 

NPs and AChE inhibition in AgNO3-exposed organisms, which is consistent with earlier 

findings [74,75]. 

The behavior of an organism reveals its normal physiological activities [76,77]. From 

this perspective, an organism’s climbing and jumping behaviors reflect its physiological 

state [78]. In this context, AgNO3-induced toxicity may be indicated by a high rate of lo-

comotor deficits as determined by the climbing experiment. Fly locomotor impairments 

cause them to stay at the bottom of the plastic cylinder, which suggests that they lack 

regular leg coordination. This phenotypic manifestation has previously been connected to 

the increased energy needs of the mitochondria-rich muscles used for walking and flying. 

Although speculative, an uncoupled mitochondrial mechanism may be the origin of the 

same underlying problems that result in severe complex I inhibition. Interestingly, UD-

AgNPs successfully stopped the progression of the flies’ locomotor dysfunctions, 
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suggesting that they might be able to protect themselves by refilling the dopaminergic 

reserve at the mitochondrial level. This finding confirms previous research that showed a 

direct link between dopamine depletion and locomotor impairment [79]. The significant 

decrease in jumping behavior in exposed organisms, which was followed by a decrease 

in AChE activity, showed the harmful effects of AgNO3 on the organism. As a sign of 

AChE activity suppression, poor locomotor function has previously been noted. Fly jump-

ing ability was increased by UD and UD synthesized AgNPs [80]. The greatest jumping 

activity was observed in UDNPs, followed by UD, the control, and AgNO3. 

Taken together, the current study demonstrated the comparative efficacy of UD and 

UD-AgNPs in microorganisms (E. coli and P. putida), as well as the nontarget organism D. 

melanogaster at the cellular, neurological, and organismal levels. The fabricated AgNPs 

were identified by UV‒Vis, SEM, EDS, and FTIR techniques to be spherical in shape and 

range in size from 20 to 70 nm. We conclude that short-term dietary administration of UD-

AgNPs to Drosophila has the potential to alleviate oxidative stress due to its antioxidative 

properties and ability to control antioxidant defenses based on our biochemical findings 

[81–83]. Moreover, their potential to considerably raise AChE levels and locomotory ac-

tivities supported their neuroprotective characteristics. Synergistic and antibacterial ac-

tion with conventional antibiotics against bacteria establishes their potential in biomedi-

cine. As a result, it is stated that biosynthesis of Ag nanoparticles using the UD leaf frac-

tion is an affordable, easy, and environmentally benign process that avoids the danger 

associated with the employment of toxic capping/reducing agents. Furthermore, this pro-

cess may readily be upscaled for industrial uses to greatly increase the output of the na-

noparticles, proving their viability for use in medicine. 

4. Materials and Methods 

4.1. Reagents and Chemicals 

Gallic acid (C7H6O5), FC reagent (C6H6O), ABTS (C18H18N4O6S4), Ellman’s reagent 

(C14H8N2O8S2), sodium carbonate (Na2CO3), 1,1_diphenyl-2-picrylhydrazyl (C18H12N5O6), 

ascorbic acid (C6H8O6), aluminum chloride hexahydrate (AlCl3·6H2O), sulfuric acid 

(H2SO4), ferric chloride (FeCl3), bovine serum albumin, lysogeny broth, ethanol, and nu-

trient agar were purchased from Hi-Media (Mumbai, India). Acetylcholinesterase and sil-

ver nitrate were purchased from Sigma (Roeder mark, Germany). Using a spectrophotom-

eter (Shimadzu UV-1601, Tokyo, Japan), calorimetric analysis was carried out. 

4.2. Plant Collection and Identification 

Urtica dioica (UD) young leaves were harvested before the plant started to produce 

seeds from apple orchards and local vegetable gardens in Srinagar, J&K, India. A taxono-

mist from the Botany Department at University of Kashmir (Srinagar, India) validated the 

identification of the medicinal plant. 

4.2.1. Preparation of UD Leaf Extraction 

The harvested plant leaves were rinsed with tap water to remove surface contami-

nants and allowed to air dry for a week. Dry plant leaves were ground into a powder 

using a grinder after drying, and the powder was then sieved to obtain fine particles. Ten 

grams of the powder sample was combined with 100 mL of distilled water to create a 10% 

aqueous extract, which was then boiled at 95–100 °C for 10–15 min. Then, Whatman filter 

paper No. 1 was used to filter the extract. For future analysis, the extract was weighed and 

kept in an airtight container at 4 °C [84]. 

4.2.2. Biosynthesis of Silver Nanoparticles (AgNPs) 

For the biosynthesis of AgNPs, 2.5 mM silver nitrate (AgNO3) was added to the UD 

leaf extract (10 mL leaf extract in 90 mL silver nitrate). The solution was kept undisturbed 

in the dark for 2–3 days at room temperature (25 °C). After 2–3 days, the solution was 
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centrifuged at 6000× g rpm for 20–25 min, and pellets were then heated in an oven at 50 

°C for approximately 1–2 h, which were then extracted from the centrifuge tubes and con-

verted for further testing [85]. 

4.2.3. Radical Cation Decolorization Test Using the DPPH Assay 

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay was used to assess antioxidant po-

tential [86]. For spectrophotometric analysis, a freshly made DPPH solution (11 mg in 50 

mL methanol) was used. With the addition of methanol, the DPPH mixture was further 

diluted to achieve an optical density of 0.8–1. Each two mL of the DPPH mixture received 

a different concentration of plant components. A spectrophotometer (Shimadzu UV-1601, 

Tokyo, Japan) was used to detect the absorbance at 517 nm after incubation (30 min). 

DPPH was employed as a control, and methanol served as the blank. The experiments 

were conducted in triplicate. The equation below was used to estimate the percentage of 

free radical inhibition (% inhibition) of DPPH: 

Inhibition of DPPH radicals % = [(Acontrol − Atest)/Acontrol] × 100 

where Acontrol denotes the absorbance of the DPPH solution (used as a control), and Atest 

denotes the absorbance of UD and UD-AgNPs. 

4.2.4. Radical Cation Decolorization Test Using ABTS Assay 

To evaluate the potential of UD-AgNPs to scavenge free radicals, the radical cation 

decolorization analyte (2,2′-azinobis 3-ethylbenzothiazoline-6-sulfonic acid) test was also 

utilized [87]. A potassium persulfate mixture (57 mg in 10 mL of methanol) and ABTS 

stock solution (36 mg in 10 mL of methanol) were combined in a ratio of 1:1 to produce 

free radical cations. The mixture was left at ambient temperature for 16 h in the dark. 

Methanol was used to further dilute the ABTS solution until it had an OD of 0.8–1. Sam-

ples at various compositions were diluted into the ABTS solution every two milliliters. 

Samples were analyzed at 745 nm following incubation (30 min). The formula below was 

used to estimate the percentage (% inhibition) of ABTS: 

Inhibition of ABTS radicals % = [(Acontrol − Atest)/Acontrol] × 100 

where Acontrol denotes the absorbance of the ABTS mixture (used as a control), and Atest 

denotes the absorbance of UD and UD-AgNPs. 

4.2.5. EC50 (Dose‒Response Curve) 

An EC50 is a quantitative assessment of the percentage of antibodies, medicine, or 

toxic substances that produces a half-maximal response between both the base point and 

maximal after a specified period. CompuSyn software (Version 1.0) was used to analyze 

the data (free radical scavenging properties and dose‒response tests) to determine the po-

tential of the samples. Lesser EC50 values suggest more radical scavenging ability [88]. 

4.2.6. Determination of Total Phenolic Content (TPC) 

The FC colorimetric technique was employed to evaluate the total phenolic content 

of UD and UD-AgNPs [89]. After five minutes, each sample was added to a 1:10 ratio of 

FC reagent (2.5 mL). The solution was then incubated (90 min) at room temperature before 

a UV/Vis spectrophotometer was used to measure the OD at 760 nm. The findings are 

expressed as milligrams of gallic acid equivalents (mg GAE/g) per gram of dry weight. 

Each sample was examined in triplicate. 

C =
c × V

m
 

where “V” denotes the sample volume (UD and UD-AgNPs in microliters), “m” denotes 

the sample weight (grams), “C” is the sample total phenolic concentration (mg g−1 of 

GAE), and “c” stands for gallic acid (mg mL−1). 
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4.2.7. Determination of Total Flavonoid Content (TFC) 

Using the aluminum chloride colorimetric method, total flavonoids were measured 

[90]. The samples (UD and UD-AgNPs) were combined with 1.5 mL of methanol, 100 µL 

of AlCl₃ (10%), 0.1 mL of CH3CO2K (1 M), and double distilled water (2.8 mL). Then, the 

solution was left to react at ambient temperature (40 min) before the absorbance of the 

solution was measured at 415 nm. A calibration curve was made using quercetin. The 

number of total flavonoids was determined in the form of mg QE/g dry weight (quercetin 

equivalents). For each sample, measurements in triplicate were taken. 

C =
c × V

m
 

where “C” stands for the sample’s total phenolic concentration (mg g−1), “c” for quercetin 

found in the sample as evaluated (calibration curve mg/mL), “V” for the sample’s volume 

(µL), and “m” for its weight (grams). 

4.2.8. UV-Visible Analysis 

A spectrophotometer (Shimadzu UV-1601, Tokyo, Japan) was used to obtain the ul-

traviolet spectral data. The principal function of UV‒visible spectroscopy is quantitative 

study, and it examines how light in the ultraviolet and visible spectrum is absorbed. Mol-

ecules or atoms can change from low to high energy levels owing to this radiation. Under 

certain circumstances, in solution, the number of molecules is inversely correlated with 

the amount of radiation absorbed. A correlation between absorption concentration and 

intensity was shown using spectral data. At the completion of the reaction, 1 mL of the 

suspension was taken from the purified samples (UD and UD-AgNPs) and sonicated at 

6000 rpm for 10 min. UV‒vis spectra were obtained between 200 and 800 nm at 1 nm 

intervals [91]. 

4.2.9. FTIR Spectroscopic Analysis 

One of the most effective methods for identifying the kinds of functional groups, 

chemical bonds, and molecular structures present in substances is Fourier-transform in-

frared spectroscopy (FTIR). The frequency of light that is absorbed is a good indication of 

the chemical bond, according to the detection patterns. The infrared absorption spectrum 

can be used to determine a molecule’s chemical bonds [92]. 

For FTIR investigation, aqueous extracts of UD and bio-fabricated UD-AgNPs were 

used. Ten milligrams of the sample were encased in a KBr pellet (100 mg) to create trans-

lucent sample discs. Next, FTIR spectroscopy was performed using a Perkin-Elmer Spec-

trophotometer on the sample material. 

4.2.10. FE-SEM with EDX Analysis 

The topography, morphology, and size of the particles are all revealed in the FE-SEM 

image. The synthesized UD-AgNPs are uniform, agglomerated, and devoid of the other 

dominant phases. This is brought on by the individual UD-AgNPs’ high surface energy. 

With some variation, the size and structure of the UD-AgNPs are in good agreement with 

the XRD results. The purity and makeup of the UD’s green synthetic AgNPs are shown 

by the EDX spectrum. Strong signals from the Ag element and light signals from the O, C, 

and Cl elements can be seen in the EDX spectrum [93]. 

  



Antibiotics 2022, 11, 1690 19 of 25 
 

4.3. Fly Strain and Microorganisms 

Drosophila melanogaster (Oregon R+, wild-type) were reared using the standard Dro-

sophila diet, which includes agar, yeast, maize powder, sodium benzoate, propionic acid, 

and sugar [94]. The flies were kept at 24 °C, 68–70% relative humidity, and a 12-h cycle of 

dark and light. Freshly prepared pure Escherichia coli and Pseudomonas putida bacterial 

strains were prepared in sterile conditions at the laboratory of Lovely Professional Uni-

versity (Phagwara, India). 

4.3.1. Antimicrobial Activity by the Disc Diffusion Method 

The antimicrobial activity of silver NPs was tested against E. coli and P. putida via the 

disc diffusion method by determining the zone of inhibition [95]. Different concentrations 

of AgNPs were taken (10, 20, and 40 µg/mL) for both E. coli and P. putida. Amoxicillin was 

used as a control for the comparison of bactericidal activity against AgNPs at a 20 µg/mL 

concentration. For this, the nutrient agar plate was prepared, and the pure culture of both 

bacteria was evenly spread in different plates under sterile conditions in laminar airflow. 

After that, four sterile filter paper discs were kept over the microbial spread. Then, the 

amoxicillin and AgNPs solutions were dropped over each disc at the abovementioned 

concentrations. After that, the plate was kept at 25 °C for over 24 h. Later, the zone of 

inhibition was measured. 

4.3.2. Treatment Schedule for Drosophila 

Four groups were created in the experimental setup using third instar D. melanogaster 

larvae and adult flies. As a control, group I was fed the larvae standard Drosophila diet, 

while group II received food treated with silver nitrate. Group III was for UD alone, 

whereas group IV included the UD-AgNPs. Larvae were allowed to feed on regular food 

or food that had been subjected to treatments (AgNO3, UD, and UD-AgNPs) for 24 and 48 

h, respectively. To measure their ability to climb and jump, the flies were treated for 5 

days (120 h). 

4.3.3. Trypan Blue (Dye Exclusion) Assay 

With a few minor modifications, Krebs and Feder’s (1997) description of dye exclu-

sion was used [96]. This quick and easy procedure helps to distinguish between living and 

dead tissue cells. Cell death is detected in the larval gut. The larval gut was used to detect 

cell death. At the end of the treatment, 8 to 10 larvae were used, and their midguts were 

dissected. After that, the larvae were incubated for 13–15 min with a 0.2 mg/mL trypan 

blue dye solution in a 50.0 mM phosphate buffer saline (pH 7.4) solution and then washed 

three times with 0.1 M PBS. Using a stereomicroscope, the larvae were examined, and 

images were acquired. 

4.3.4. Preparation of Homogenate 

Third instar larval midguts from control (normal/untreated), AgNO3, UD, and UD-

AgNPs were dissected out and then crushed in ice-cold (0.1 M) of phosphate buffer (pH 

7.4) including potassium chloride 0.15 M to obtain 10% cytosol/homogenate. After that, 

the samples were homogenized and centrifuged (4 °C) for 10 min at 12,000× g rpm. Then, 

the supernatant was used for various tests after being passed through a nylon membrane 

filter with 10 mm-sized pores [97]. 

4.3.5. Acetylcholinesterase (AChE) Enzymatic Assay 

As discussed previously Ellmann et al. (1961), AChE activity was evaluated. In brief, 

Ellman’s reagent (DTNB 10 mM), 78 mM acetylthiocholine iodide, and 0.01 mg protein 

(cytosolic sample) were all added to 0.1 M phosphate buffer (pH 8.0) to start the reaction. 

The shift in absorbance was tracked for 3 min at 412 nm. In terms of nmoles of substrate 

(hydrolyzed/min/mg protein), the enzyme activity was calculated [98]. 
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4.3.6. Protein Estimation 

Bovine serum albumin (BSA) was used as the reference protein, and the Lowry et al. 

(1951) method was used to measure the protein concentration in the midgut of D. melano-

gaster homogenate [94]. 

4.3.7. Evaluating Locomotor Impairments with a Climbing Assay 

The climbing evaluation was carried out with specific modifications, as previously 

reported [99]. Twenty treated flies were maintained within a plastic vertical cylinder (20 

cm long and 2 cm in width). Flies were counted if they passed the line (15 cm within 30 s) 

following tapping unless they arrived at the lowest section of the vials. The climbing count 

represents the typical extent of flies that passed the line (15 cm) out of all flies examined. 

The typical number of flies (over 15 cm ntop and under 15 cm nbot) are the counts, which 

are presented as a level of all flies (ntot). The findings are represented by the standard de-

viation of the counts obtained from three separate evaluations. 

1/2[(ntot + ntop − nbot)/ntot] 

4.3.8. Evaluating Locomotor Impairments with a Jumping Assay 

Jumping activities were used to evaluate neuromuscular activation [100]. The fre-

quency of locomotor function appears to influence the barrier for the jumping response. 

A vial marked 1–10 cm was filled with newly emerging flies one at a time, and the distance 

each fly leaped from the vial’s bottom was recorded. The jumping behavior was identified 

as the estimated value of jumps completed over 5 repetitions. Each set of 100 flies was 

used in five replicates. 

4.4. Data Analysis 

Using two-way ANOVA and Tukey’s test in the SPSS statistical analysis program, 

colorimetric data presented as the mean ± SEM and n = 3 were examined for significant 

variations. A p value < 0.05 or less was used to determine the significance. 

5. Conclusions 

Current research shows that the antiradical and antioxidant properties of U. dioica 

and biosynthesized Ag nanoparticles are statistically significant (p < 0.001). In this study, 

U. dioica was used for the green synthesis of AgNPs, the leaf extract of which acts as a 

reducing agent for the reduction of Ag+ ions from AgNO3. The existence and purity of 

silver present in the AgNPs can be checked and confirmed with the help of UV‒vis, FTIR, 

SEM, and EDS. The antioxidant activities of AgNPs are normally estimated using the 

ABTS and DPPH free radical scavenging methods. During the antimicrobial screening test 

[100], the zone of inhibition proved that the silver nanoparticles (AgNPs) produced in this 

process are efficient for antimicrobial activity against pathogenic bacteria. Administration 

of UD-AgNPs to Drosophila has the potential to alleviate oxidative stress due to its antiox-

idative activities and ability to control antioxidant defenses. Moreover, their neuroprotec-

tive characteristics were evaluated by their ability to dramatically enhance cellular uptake, 

AChE levels, and locomotory activities. The green synthesis of silver nanoparticles could 

be of immense use in the future against various ailments, including cancer and neuro-

degeneration. The nanoparticles can be used in medicines, and with the help of technol-

ogy, these nanoparticles can be programmed to cure specific diseases by targeting their 

specific sites. 

Author Contributions: Conceptualization, M.P.S.; methodology, S.S., A.S.D., S.R.R., M.S.A. and 

K.A.A.; software, M.P.S. and S.S.; validation, M.P.S.; formal analysis, M.P.S., S.S. and S.K.S.; re-

sources, M.P.S., S.K.S. and E.V.; writing—original draft preparation, M.P.S., E.V., S.S., F.B., N.A.J., 

N.E.A.-r., M.S.A., K.A.A. and S.K.S.; Editing and Proofreading, F.B., N.A.J., N.E.A.-r., Y.F.J., M.S.A., 



Antibiotics 2022, 11, 1690 21 of 25 
 

K.A.A. and A.H.; and supervision, M.P.S. All authors have read and agreed to the published version 

of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Data are contained within the article. 

Acknowledgements: We acknowledge the Lovely Professional University for the infrastructure and 

the chemicals required for the research. S.K.S. acknowledges the Indian Scientific Education and 

Technology Foundation for their support. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Abdel-Mageed, H.M.; AbuelEzz, N.Z.; Radwan, R.A.; Mohamed, S.A. Nanoparticles in nanomedicine: A comprehensive up-

dated review on current status, challenges, and emerging opportunities. J. Microencapsul. 2021, 38, 414–436. 

https://doi.org/10.1080/02652048.2021.1942275. 

2. Salem, S.S.; Fouda, A. Green Synthesis of Metallic Nanoparticles and Their Prospective Biotechnological Applications: An Over-

view. Biol. Trace Elem. Res. 2021, 199, 344–370. https://doi.org/10.1007/s12011-020-02138-3. 

3. Rónavári, A.; Kovács, D.; Igaz, N.; Vágvölgyi, C.; Boros, I.M.; Kónya, Z.; Pfeiffer, I.; Kiricsi, M. Biological activity of green-

synthesized silver nanoparticles depends on the applied natural extracts: A comprehensive study. Int. J. Nanomed. 2021, 12, 871–

883. https://doi.org/10.2147/IJN.S122842. 

4. Ferreira, M.C.; Pimentel, B.; Andrade, V.; Zverev, V.; Gimaev, R.R.; Pomorov, A.S.; Pyatakov, A.; Alekhina, Y.; Komlev, A.; 

Makarova, L.; et al. Understanding the Dependence of Nanoparticles Magnetothermal Properties on Their Size for Hyperther-

mia Applications: A Case Study for La-Sr Manganites. Nanomaterials 2021, 11, 1826. https://doi.org/10.3390/nano11071826. 

5. Di Foggia, M.; Tugnoli, V.; Ottani, S.; Dettin, M.; Zamuner, A.; Sanchez-Cortes, S.; Cesini, D.; Torreggiani, A. SERS Investigation 

on Oligopeptides Used as Biomimetic Coatings for Medical Devices. Biomolecules 2021 11, 959. 

https://doi.org/10.3390/biom11070959. 

6. Bila, D.; Radwan, Y.; Dobrovolskaia, M.A.; Panigaj, M.; Afonin, K.A. The Recognition of and Reactions to Nucleic Acid Nano-

particles by Human Immune Cells. Molecules 2021, 26, 4231. https://doi.org/10.3390/molecules26144231. 

7. Kukushkina, E.A.; Hossain, S.I.; Sportelli, M.C.; Ditaranto, N.; Picca, R.A.; Cioffi, N. Ag-Based Synergistic Antimicrobial Com-

posites. A Critical Review. Nanomaterials 2021, 11, 1687. https://doi.org/10.3390/nano11071687. 

8. Rajeshkumar, S.; Menon, S.; Venkat Kumar, S.; Tambuwala, M.M.; Sakshi, H.A.; Mehta, M.; Satija, S.; Gupta, G.; Chellappan, 

D.K.; Thangavelu, L.; et al. Antibacterial and antioxidant potential of biosynthesized copper nanoparticles mediated through 

Cissus arnotiana plant extract. J. Photochem. Photobiol. 2019, 197, 111531. https://doi.org/10.1016/j.jphotobiol.2019.111531. 

9. Mohamed, F.; Enaiet Allah, A.; Abu Al-Ola, K.A.; Shaban, M. Design and Characterization of a Novel ZnO-Ag/Polypyrrole 

Core-Shell Nanocomposite for Water Bioremediation. Nanomaterials 2021, 11, 1688. https://doi.org/10.3390/nano11071688. 

10. Sánchez-López, E.; Gomes, D.; Esteruelas, G.; Bonilla, L.; Lopez-Machado, A.L.; Galindo, R.; Cano, A.; Espina, M.; Ettcheto, M.; 

Camins, A.; et al. Metal-Based Nanoparticles as Antimicrobial Agents: An Overview. Nanomaterials 2020, 10, 292. 

https://doi.org/10.3390/nano10020292. 

11. Thekkae Padil, V.V.; Černík, M. Green synthesis of copper oxide nanoparticles using gum karaya as a bio template and their 

antibacterial application. Int. J. Nanomed. 2013, 8, 889–898. https://doi.org/10.2147/IJN.S40599. 

12. Elmi, F.; Alinezhad, H.; Moulana, Z.; Salehian, F.; Mohseni Tavakkoli, S.; Asgharpour, F.; Fallah, H.; Elmi, M.M. The use of 

antibacterial activity of ZnO nanoparticles in the treatment of municipal wastewater. Water Sci. Technol. 2014, 70, 763–770. 

https://doi.org/10.2166/wst.2014.232. 

13. Asghar, M.A.; Zahir, E.; Asghar, M.A.; Iqbal, J.; Rehman, A.A. Facile, one-pot biosynthesis and characterization of iron, copper 

and silver nanoparticles using Syzygium cumini leaf extract: As an effective antimicrobial and aflatoxin B1 adsorption agent. 

PLoS ONE 2020, 15, e0234964. https://doi.org/10.1371/journal.pone.0234964. 

14. Sabouri, Z.; Akbari, A.; Hosseini, H.A.; Khatami, M.; Darroudi, M. Green-based biosynthesis of nickel oxide nanoparticles in 

Arabic gum and examination of their cytotoxicity, photocatalytic and antibacterial effects. Green Chem. Lett. Rev. 2021, 14, 404–

414. https://doi.org/10.1080/17518253.2021.1923824. 

15. Musino, D.; Devcic, J.; Lelong, C.; Luche, S.; Rivard, C.; Dalzon, B.; Landrot, G.; Rabilloud, T.; Capron, I. Impact of Physico-

Chemical Properties of Cellulose Nanocrystal/Silver Nanoparticle Hybrid Suspensions on Their Biocidal and Toxicological Ef-

fects. Nanomaterials 2021, 11, 1862. https://doi.org/10.3390/nano11071862. 

16. Martínez-Cabanas, M.; López-García, M.; Rodríguez-Barro, P.; Vilariño, T.; Lodeiro, P.; Herrero, R.; Barriada, J.L.; Sastre de 

Vicente, M.E. Antioxidant Capacity Assessment of Plant Extracts for Green Synthesis of Nanoparticles. Nanomaterials 2021, 11, 

1679. https://doi.org/10.3390/nano11071679. 



Antibiotics 2022, 11, 1690 22 of 25 
 

17. Singh, J.; Dutta, T.; Kim, K.H.; Rawat, M.; Samddar, P.; Kumar, P. ‘Green’ synthesis of metals and their oxide nanoparticles: 

Applications for environmental remediation. J. Nanobiotechnology 2018, 16, 84. https://doi.org/10.1186/s12951-018-0408-4. 

18. Zaharescu, T.; Blanco, I. Stabilization Effects of Natural Compounds and Polyhedral Oligomeric Silsesquioxane Nanoparticles 

on the Accelerated Degradation of Ethylene-Propylene-Diene Monomer. Molecules 2021, 26, 4390. https://doi.org/10.3390/mole-

cules26154390. 

19. Irshad, M.A.; Nawaz, R.; Zia Ur Rehman, M.; Imran, M.; Ahmad, J.; Ahmad, S.; Inam, A.; Razzaq, A.; Rizwan, M.; Ali, S. Syn-

thesis, and characterization of titanium dioxide nanoparticles by chemical and green methods and their antifungal activities 

against wheat rust. Chemosphere 2020, 258, 127352. https://doi.org/10.1016/j.chemosphere.2020.127352. 

20. Soni, V.; Raizada, P.; Singh, P.; Cuong, H.N.; Rangabhashiyam, S.; Saini, A.; Saini, R.V.; Le, Q.V.; Nadda, A.K.; Le, T.T.; et al. 

Sustainable and green trends in using plant extracts for the synthesis of biogenic metal nanoparticles toward environmental 

and pharmaceutical advances: A review. Environ. Res. 2021, 202, 111622. https://doi.org/10.1016/j.envres.2021.111622. 

21. Hernández-Díaz, J.A.; Garza-García, J.J.; Zamudio-Ojeda, A.; León-Morales, J.M.; López-Velázquez, J.C.; García-Morales, S. 

Plant-mediated synthesis of nanoparticles and their antimicrobial activity against phytopathogens. J. Sci. Food Agric. 2021, 101, 

1270–1287. https://doi.org/10.1002/jsfa.10767. 

22. Mousavi, S.M.; Hashemi, S.A.; Ghasemi, Y.; Atapour, A.; Amani, A.M.; Savar Dashtaki, A.; Babapoor, A.; Arjmand, O. Green 

synthesis of silver nanoparticles toward bio and medical applications: Review study. Artif. Cells Nanomed. Biotechnol. 2018, 46, 

S855–S872. https://doi.org/10.1080/21691401.2018.1517769. 

23. Galúcio, J.; de Souza, S.; Vasconcelos, A.A.; Lima, A.; da Costa, K.S.; de Campos Braga, H.; Taube, P.S. Synthesis, Characteriza-

tion, Applications, and Toxicity of Green Synthesized Nanoparticles. Curr. Pharm. Biotechnol. 2022, 23, 420–443. 

https://doi.org/10.2174/1389201022666210521102307. 

24. Emeka, E.E.; Ojiefoh, O.C.; Aleruchi, C.; Hassan, L.A.; Christiana, O.M.; Rebecca, M.; Dare, E.O.; Temitope, A.E. Evaluation of 

antibacterial activities of silver nanoparticles green-synthesized using pineapple leaf (Ananas comosus). Micron 2014, 57, 1–5. 

https://doi.org/10.1016/j.micron.2013.09.003. 

25. Das, G.; Patra, J.K.; Debnath, T.; Ansari, A.; Shin, H.S. Investigation of antioxidant, antibacterial, antidiabetic, and cytotoxicity 

potential of silver nanoparticles synthesized using the outer peel extract of Ananas comosus (L.). PLoS ONE 2019, 14, e0220950. 

https://doi.org/10.1371/journal.pone.0220950. 

26. Pei, J.; Fu, B.; Jiang, L.; Sun, T. Biosynthesis, characterization, and anticancer effect of plant-mediated silver nanoparticles using 

Coptis chinensis. Int. J. Nanomed. 2019, 14, 1969–1978. https://doi.org/10.2147/IJN.S188235. 

27. Algebaly, A.S.; Mohammed, A.E.; Abutaha, N.; Elobeid, M.M. Biogenic synthesis of silver nanoparticles: Antibacterial and cy-

totoxic potential. Saudi J. Biol. Sci. 2020, 27, 1340–1351. https://doi.org/10.1016/j.sjbs.2019.12.014. 

28. Suman, T.Y.; Radhika Rajasree, S.R.; Kanchana, A.; Elizabeth, S.B. Biosynthesis, characterization, and cytotoxic effect of plant 

mediated silver nanoparticles using Morinda citrifolia root extract. Colloids Surf. B Biointerfaces 2013, 106, 74–78. 

https://doi.org/10.1016/j.colsurfb.2013.01.037. 

29. Gajendran, B.; Chinnasamy, A.; Durai, P.; Raman, J.; Ramar, M. Biosynthesis and characterization of silver nanoparticles from 

Datura inoxia and its apoptotic effect on human breast cancer cell line MCF7. Mater. Lett. 2014, 122, 98–102. 

https://doi.org/10.1016/j.matlet.2014.02.003. 

30. Sathishkumar, P.; Vennila, K.; Jayakumar, R.; Yusoff, A.R.; Hadibarata, T.; Palvannan, T. Phyto-synthesis of silver nanoparticles 

using Alternanthera tenella leaf extract: An effective inhibitor for the migration of human breast adenocarcinoma (MCF-7) cells. 

Bioprocess Biosyst. Eng. 2016, 39, 651–659. https://doi.org/10.1007/s00449-016-1546-4. 

31. Csakvari, A.C.; Moisa, C.; Radu, D.G.; Olariu, L.M.; Lupitu, A.I.; Panda, A.O.; Pop, G.; Chambre, D.; Socoliuc, V.; Copolovici, 

L.; et al. Green Synthesis, Characterization, and Antibacterial Properties of Silver Nanoparticles Obtained by Using Diverse 

Varieties of Cannabis sativa Leaf Extracts. Molecules 2021, 26, 4041. https://doi.org/10.3390/molecules26134041. 

32. Yousuf, S.; Shabir, S.; Singh, M.P. Protection Against Drug-Induced Liver Injuries Through Nutraceuticals via Amelioration of 

Nrf-2 Signaling. J. Am. Nutr. Assoc. 2022, 1–21. https://doi.org/10.1080/27697061.2022.2089403. 

33. Himalian, R.; Singh, S.K.; Singh, M.P. Ameliorative Role of Nutraceuticals on Neurodegenerative Diseases Using the Drosophila 

melanogaster as a Discovery Model to Define Bioefficacy. J. Am. Nutr. Assoc. 2022, 41, 511–539. 

https://doi.org/10.1080/07315724.2021.1904305. 

34. Jyoti, K.; Baunthiyal, M.; Singh, A. Characterization of silver nanoparticles synthesized using Urtica dioica Linn. leaves and 

their synergistic effects with antibiotics. J. Radiat. Res. Appl. Sci. 2016, 9, 217–227. https://doi.org/10.1016/j.jrras.2015.10.002. 

35. Uyar, A.; Doğan, A.; Yaman, T.; Keleş, Ö.F.; Yener, Z.; Çelik, İ.; Alkan, E.E. The Protective Role of Urtica dioica Seed Extract 

Against Azoxymethane-Induced Colon Carcinogenesis in Rats. Nutr. Cancer 2022, 74, 306–319. 

https://doi.org/10.1080/01635581.2021.1881568. 

36. Bhusal, K.K.; Magar, S.K.; Thapa, R.; Lamsal, A.; Bhandari, S.; Maharjan, R.; Shrestha, S.; Shrestha, J. Nutritional, and pharma-

cological importance of stinging nettle (Urtica dioica L.): A review. Heliyon 2022, 8, e09717. https://doi.org/10.1016/j.heli-

yon.2022.e09717. 

37. Ahmadipour, B.; Khajali, F. Expression of antioxidant genes in broiler chickens fed nettle (Urtica dioica) and its link with pul-

monary hypertension. Anim. Nutr. (Zhongguo Xu Mu Shou Yi Xue Hui) 2019, 5, 264–269. 

https://doi.org/10.1016/j.aninu.2019.04.004. 



Antibiotics 2022, 11, 1690 23 of 25 
 

38. Chehri, A.; Yarani, R.; Yousefi, Z.; Novin Bahador, T.; Shakouri, S.K.; Ostadrahimi, A.; Mobasseri, M.; Pociot, F.; Araj-Khodaei, 

M. Anti-diabetic potential of Urtica Dioica: Current knowledge and future direction. J. Diabetes Metab. Disord. 2022, 21, 931–940. 

https://doi.org/10.1007/s40200-021-00942-9. 

39. Nayak, D.; Pradhan, S.; Ashe, S.; Rauta, P.R.; Nayak, B. Biologically synthesised silver nanoparticles from three diverse family 

of plant extracts and their anticancer activity against epidermoid A431 carcinoma. J. Colloid Interface Sci. 2015, 457, 329–338. 

https://doi.org/10.1016/j.jcis.2015.07.012. 

40. Banerjee, P.; Satapathy, M.; Mukhopahayay, A.; Das, P. Leaf extract mediated green synthesis of silver nanoparticles from 

widely available Indian plants: Synthesis, characterization, antimicrobial property, and toxicity analysis. Bioresour. Bioprocess. 

2014, 1, 3. https://doi.org/10.1186/s40643-014-0003-y. 

41. Shankar, S.; Jaiswal, L.; Aparna, R.S.L.; Prasad, R.G.S.V. Synthesis, characterization, in vitro biocompatibility, and antimicrobial 

activity of gold, silver and gold silver alloy nanoparticles prepared from Lansium domesticum fruit peel extract. Mater. Lett. 

2014, 137, 75–78. https://doi.org/10.1016/j.matlet.2014.08.122. 

42. Das, S.; Das, J.; Samadder, A.; Bhattacharyya, S.S.; Das, D.; Khuda-Bukhsh, A.R. Biosynthesized silver nanoparticles by ethanolic 

extracts of Phytolacca decandra, Gelsemium sempervirens, Hydrastis canadensis and Thuja occidentalis induce differential 

cytotoxicity through G2/M arrest in A375 cells. Colloids Surf. B Biointerfaces 2013, 101, 325–336. 

https://doi.org/10.1016/j.colsurfb.2012.07.008. 

43. Zargar, M.; Shameli, K.; Najafi, G.R.; Farahani, F. Plant mediated green biosynthesis of silver nanoparticles using Vitex negundo 

L. extract. J. Ind. Eng. Chem. 2014, 20, 4169–4175. https://doi.org/10.1016/j.jiec.2014.01.016. 

44. Sreekanth, T.V.; Ravikumar, S.; Eom, I.Y. Green synthesized silver nanoparticles using Nelumbonucifera root extract for effi-

cient protein binding, antioxidant, and cytotoxicity activities. J. Photochem. Photobiol. B Biol. 2014, 141, 100–105. 

https://doi.org/10.1016/j.jphotobiol.2014.10.002. 

45. Rajkuberan, C.; Sudha, K.; Sathishkumar, G.; Sivaramakrishnan, S. Antibacterial and cytotoxic potential of silver nanoparticles 

synthesized using latex of Calotropis gigantea L. Spectrochim. Acta Part A Mol. Biomol. Spectrosc. 2015, 136 Pt B, 924–930. 

https://doi.org/10.1016/j.saa.2014.09.115. 

46. Banala, R.R.; Nagati, V.B.; Karnati, P.R. Green synthesis and characterization of Carica papaya leaf extract coated silver nano-

particles through X-ray diffraction, electron microscopy and evaluation of bactericidal properties. Saudi J. Biol. Sci. 2015, 22, 637–

644. https://doi.org/10.1016/j.sjbs.2015.01.007. 

47. Dubey, S.P.; Dwivedi, A.D.; Lahtinen, M.; Lee, C.; Kwon, Y.N.; Sillanpaa, M. Protocol for development of various plants leaves 

extract in single-pot synthesis of metal nanoparticles. Spectrochim. Acta Part A Mol. Biomol. Spectrosc. 2013, 103, 134–142. 

https://doi.org/10.1016/j.saa.2012.11.021. 

48. Rajeshkumar, S.; Bharath, L.V. Mechanism of plant-mediated synthesis of silver nanoparticles—A review on biomolecules in-

volved, characterization and antibacterial activity. Chem. Biol. Interact. 2017, 273, 219–227. 

https://doi.org/10.1016/j.cbi.2017.06.019. 

49. Paiva-Santos, A.C.; Herdade, A.M.; Guerra, C.; Peixoto, D.; Pereira-Silva, M.; Zeinali, M.; Mascarenhas-Melo, F.; Paranhos, A.; 

Veiga, F. Plant-mediated green synthesis of metal-based nanoparticles for dermo pharmaceutical and cosmetic applications. 

Int. J. Pharm. 2021, 597, 120311. https://doi.org/10.1016/j.ijpharm.2021.120311. 

50. Yadi, M.; Mostafavi, E.; Saleh, B.; Davaran, S.; Aliyeva, I.; Khalilov, R.; Nikzamir, M.; Nikzamir, N.; Akbarzadeh, A.; Panahi, Y.; 

et al. Current developments in green synthesis of metallic nanoparticles using plant extracts: A review. Artif. Cells Nanomed. 

Biotechnol. 2018, 46, S336–S343. https://doi.org/10.1080/21691401.2018.1492931. 

51. Hembram, K.C.; Kumar, R.; Kandha, L.; Parhi, P.K.; Kundu, C.N.; Bindhani, B.K. Therapeutic prospective of plant-induced 

silver nanoparticles: Application as antimicrobial and anticancer agent. Artif. Cells Nanomed. Biotechnol. 2018, 46, S38–S51. 

https://doi.org/10.1080/21691401.2018.1489262. 

52. Darroudi, M.; Ahmad, M.B.; Zak, A.K.; Zamiri, R.; Hakimi, M. Fabrication and characterization of gelatin stabilized silver na-

noparticles under UV-light. Int. J. Mol. Sci. 2011, 12, 6346–6356. https://doi.org/10.3390/ijms12096346. 

53. Goharshadi, E.K.; Samiee, S.; Nancarrow, P. Fabrication of cerium oxide nanoparticles: Characterization and optical properties. 

J. Colloid Interface Sci. 2011, 356, 473–480. https://doi.org/10.1016/j.jcis.2011.01.063. 

54. Huq, M.A.; Ashrafudoulla, M.; Rahman, M.M.; Balusamy, S.R.; Akter, S. Green Synthesis and Potential Antibacterial Applica-

tions of Bioactive Silver Nanoparticles: A Review. Polymers 2022, 14, 742. https://doi.org/10.3390/polym14040742. 

55. Zhang, X.F.; Liu, Z.G.; Shen, W.; Gurunathan, S. Silver Nanoparticles: Synthesis, Characterization, Properties, Applications, and 

Therapeutic Approaches. Int. J. Mol. Sci. 2016, 17, 1534. https://doi.org/10.3390/ijms17091534. 

56. Dipankar, C.; Murugan, S. The green synthesis, characterization, and evaluation of the biological activities of silver nanoparti-

cles synthesized from Iresine herbstii leaf aqueous extracts. Colloids Surf. B Biointerfaces 2012, 98, 112–119. 

https://doi.org/10.1016/j.colsurfb.2012.04.006. 

57. Shumail, H.; Khalid, S.; Ahmad, I.; Khan, H.; Amin, S.; Ullah, B. Review on Green Synthesis of Silver Nanoparticles through 

Plants. Endocr. Metab. Immune Disord. Drug Targets 2021, 21, 994–1007. https://doi.org/10.2174/1871530320666200729153714. 

58. Parlinska-Wojtan, M.; Kus-Liskiewicz, M.; Depciuch, J.; Sadik, O. Green synthesis and antibacterial effects of aqueous colloidal 

solutions of silver nanoparticles using chamomile terpenoids as a combined reducing and capping agent. Bioprocess Biosyst. Eng. 

2016, 39, 1213–1223. https://doi.org/10.1007/s00449-016-1599-4. 



Antibiotics 2022, 11, 1690 24 of 25 
 

59. Huq, M.A., & Akter, S. Biosynthesis, Characterization and Antibacterial Application of Novel Silver Nanoparticles against Drug 

Resistant Pathogenic Klebsiella pneumoniae and Salmonella Enteritidis. Molecules 2021, 26, 5996. https://doi.org/10.3390/mole-

cules26195996. 

60. Okaiyeto, K.; Ojemaye, M.O.; Hoppe, H.; Mabinya, L.V.; Okoh, A.I. Phyto fabrication of Silver/Silver Chloride Nanoparticles 

Using Aqueous Leaf Extract of Oedera genistifolia: Characterization and Antibacterial Potential. Molecules 2019, 24, 4382. 

https://doi.org/10.3390/molecules24234382. 

61. Wang, L.; Wu, Y.; Xie, J.; Wu, S.; Wu, Z. Characterization, antioxidant, and antimicrobial activities of green synthesized silver 

nanoparticles from Psidium guajava L. leaf aqueous extracts. Mater. Sci. Eng. C Mater. Biol. Appl. 2018, 86, 1–8. 

https://doi.org/10.1016/j.msec.2018.01.003. 

62. Otunola, G.A.; Afolayan, A.J. In vitro antibacterial, antioxidant and toxicity profile of silver nanoparticles green-synthesized 

and characterized from aqueous extract of a spice blend formulation. Biotechnol. Biotechnol. Equip. 2018, 32, 724–733. 

https://doi.org/10.1080/13102818.2018.1448301. 

63. Priya, R.S.; Geetha, D.; Ramesh, P.S. Antioxidant activity of chemically synthesized AgNPs and biosynthesized Pongamia pin-

nata leaf extract mediated AgNPs—A comparative study. Ecotoxicol. Environ. Saf. 2016, 134 Pt 2, 308–318. 

https://doi.org/10.1016/j.ecoenv.2015.07.037. 

64. Paladini, F.; Pollini, M. Antimicrobial Silver Nanoparticles for Wound Healing Application: Progress and Future Trends. Mate-

rials 2019, 12, 2540. https://doi.org/10.3390/ma12162540. 

65. Fayaz, A.M.; Balaji, K.; Girilal, M.; Yadav, R.; Kalaichelvan, P.T.; Venketesan, R. Biogenic synthesis of silver nanoparticles and 

their synergistic effect with antibiotics: A study against gram-positive and gram-negative bacteria. Nanomed. Nanotechnol. Biol. 

Med. 2010, 6, 103–109. https://doi.org/10.1016/j.nano.2009.04.006. 

66. Vazquez-Muñoz, R.; Meza-Villezcas, A.; Fournier, P.; Soria-Castro, E.; Juarez-Moreno, K.; Gallego-Hernández, A.L.; Bog-

danchikova, N.; Vazquez-Duhalt, R.; Huerta-Saquero, A. Enhancement of antibiotics antimicrobial activity due to the silver 

nanoparticles impact on the cell membrane. PLoS ONE 2019, 14, e0224904. https://doi.org/10.1371/journal.pone.0224904. 

67. Tamboli, D.P.; Lee, D.S. Mechanistic antimicrobial approach of extracellularly synthesized silver nanoparticles against gram-

positive and gram-negative bacteria. J. Hazard. Mater. 2013, 260, 878–884. https://doi.org/10.1016/j.jhazmat.2013.06.003. 

68. Shivanna, D.K.; Gopinath, G.; Hanumanthappa, R.; Babu, Y.R.; Abbigeri, M.B.; Ajanal, M.; Nanjaiah, H. Datura stramonium 

Leaves Extract Silver Nanoparticles Regulates PINK1 Gene in Parkinson’s Disease Model of Drosophila melanogaster. 2022. 

Research Square. preprint. Available online: https://doi.org/10.21203/rs.3.rs-1807001/v1 (accessed on 9 November 2022). 

69. Raj, A.; Shah, P.; Agrawal, N. Dose-dependent effect of silver nanoparticles (AgNPs) on fertility and survival of Drosophila: An 

in vivo study. PLoS ONE 2017, 12, e0178051. https://doi.org/10.1371/journal.pone.0178051. 

70. Kahraman, T.; Korcan, S.E.; Liman, R.; Ciğerci, İ.H.; Acikbas, Y.; Konuk, M.; Akkuş, G.U. Synthesis, Characterization, and Op-

timization of Green Silver Nanoparticles Using and Evaluation of Its Antibacterial, Antibiofilm, and Genotoxic Effects. EuroBi-

otech J. 2021, 5, 109–122. https://doi.org/10.2478/ebtj-2021-0020. 

71. Rao, S.V.; Yenisetti, S.C.; Rajini, P.S. Evidence of neuroprotective effects of saffron and crocin in a Drosophila model of parkin-

sonism. Neurotoxicology 2016, 52, 230–242. https://doi.org/10.1016/j.neuro.2015.12.010. 

72. Singh, M.P.; Chakrabarty, R.; Shabir, S.; Yousuf, S.; Obaid, A.A.; Moustafa, M.; Al-Shehri, M.; Al-Emam, A.; Alamri, A.S.; Al-

sanie, W.F.; et al. Influence of the Gut Microbiota on the Development of Neurodegenerative Diseases. Mediat. Inflamm. 2022, 

2022, 3300903. https://doi.org/10.1155/2022/3300903. 

73. Chakrabarty, R.; Yousuf, S.; Singh, M.P. Contributive Role of Hyperglycemia and Hypoglycemia Toward the Development of 

Alzheimer’s Disease. Mol. Neurobiol. 2022, 59, 4274–4291. https://doi.org/10.1007/s12035-022-02846-y. 

74. Parthiban, E.; Ramachandran, M.; Jayakumar, M.; Ramanibai, R. Biocompatible green synthesized silver nanoparticles impact 

on insecticides resistant developing enzymes of dengue transmitted mosquito vector. SN Appl. Sci. 2019, 1, 1282. 

https://doi.org/10.1007/s42452-019-1311-9. 

75. Shabir, S.; Yousuf, S.; Singh, S.K.; Vamanu, E.; Singh, M.P. Ethnopharmacological Effects of Urtica dioica, Matricaria chamomilla, 

and Murraya koenigii on Rotenone-Exposed D. melanogaster: An Attenuation of Cellular, Biochemical, and Organismal Markers. 

Antioxidants 2022, 11, 1623. https://doi.org/10.3390/antiox11081623. 

76. Mudiam, M.K.; Singh, M.P.; Chowdhuri, D.K.; Murthy, R.C. Quantitative evaluation of benzene, toluene, and xylene in the 

larvae of Drosophila melanogaster by solid-phase microextraction/gas chromatography/mass spectrometry for potential use in 

toxicological studies. J. AOAC Int. 2010, 93, 1595–1599. 

77. Singh, M.P.; Himalian, R.; Shabir, S.; Obaid, A.A.; Alamri, A.S.; Galanakis, C.M.; Singh, S.K.; Vamanu, E. Protection of Phyto-

extracts against Rotenone-Induced Organismal Toxicities in Drosophila melanogaster via the Attenuation of ROS Generation. 

Appl. Sci. 2022, 12, 9822. https://doi.org/10.3390/app12199822. 

78. Riemensperger, T.; Issa, A.R.; Pech, U.; Coulom, H.; Nguyễn, M.V.; Cassar, M.; Jacquet, M.; Fiala, A.; Birman, S. A single dopa-

mine pathway underlies progressive locomotor deficits in a Drosophila model of Parkinson disease. Cell Rep. 2013, 5, 952–960. 

https://doi.org/10.1016/j.celrep.2013.10.032. 

79. Tyagi, P.K.; Mishra, R.; Khan, F.; Gupta, D.; Gola, D. Antifungal effects of silver nanoparticles against various plant pathogenic 

fungi and its safety evaluation on Drosophila melanogaster. Biointerface Res. Appl. Chem. 2020, 10, 6587–6596. 

https://doi.org/10.33263/BRIAC106.65876596. 

80. Cha, S.J.; Do, H.A.; Choi, H.J.; Lee, M.; Kim, K. The Drosophila Model: Exploring Novel Therapeutic Compounds against Neu-

rodegenerative Diseases. Antioxidants 2019, 8, 623. https://doi.org/10.3390/antiox8120623. 



Antibiotics 2022, 11, 1690 25 of 25 
 

81. Eweys, A.S.; Zhao, Y.S.; Darwesh, O.M. Improving the antioxidant and anticancer potential of Cinnamomum cassia via fermen-

tation with Lactobacillus plantarum. Biotechnol. Rep. 2022, 36, e00768. https://doi.org/10.1016/j.btre.2022.e00768. 

82. Darwesh, O.M.; Li, H.; Matter, I.A. Nano-bioremediation of textile industry wastewater using immobilized CuO-NPs myco-

synthesized by a novel Cu-resistant Fusarium oxysporum OSF18. Environ. Sci. Pollut. Res. Int. 2022, 1–13. 

https://doi.org/10.1007/s11356-022-23360-7. 

83. Singh, H.; Du, J.; Yi, T.H. Green and rapid synthesis of silver nanoparticles using Borago officinalis leaf extract: Anticancer and 

antibacterial activities. Artif. Cells Nanomed. Biotechnol. 2017, 45, 1310–1316. https://doi.org/10.1080/21691401.2016.1228663. 

84. Niraimathi, K.L.; Sudha, V.; Lavanya, R.; Brindha, P. Biosynthesis of silver nanoparticles using Alternanthera sessilis (Linn.) ex-

tract and their antimicrobial, antioxidant activities. Colloids Surf. B Biointerfaces 2013, 102, 288–291. 

https://doi.org/10.1016/j.colsurfb.2012.08.041. 

85. Jo, Y.J.; Cho, H.S.; Chun, J.Y. Antioxidant activity of β-cyclodextrin inclusion complexes containing trans-cinnamaldehyde by 

DPPH, ABTS and FRAP. Food Sci. Biotechnol. 2021, 30, 807–814. https://doi.org/10.1007/s10068-021-00914-y. 

86. Wołosiak, R.; Drużyńska, B.; Derewiaka, D.; Piecyk, M.; Majewska, E.; Ciecierska, M.; Worobiej, E.; Pakosz, P. Verification of 

the Conditions for Determination of Antioxidant Activity by ABTS and DPPH Assays-A Practical Approach. Molecules 2021, 27, 

50. https://doi.org/10.3390/molecules27010050. 

87. Gudimella, K.K.; Gedda, G.; Kumar, P.S.; Babu, B.K.; Yamajala, B.; Rao, B.V.; Singh, P.P.; Kumar, D.; Sharma, A. Novel synthesis 

of fluorescent carbon dots from biobased Carica Papaya Leaves: Optical and structural properties with antioxidant and anti-

inflammatory activities. Environ. Res. 2022, 204, 111854. https://doi.org/10.1016/j.envres.2021.111854. 

88. Clarke, G.; Ting, K.N.; Wiart, C.; Fry, J. High Correlation of 2,2-diphenyl-1-picrylhydrazyl (DPPH) Radical Scavenging, Ferric 

Reducing Activity Potential and Total Phenolics Content Indicates Redundancy in Use of All Three Assays to Screen for Anti-

oxidant Activity of Extracts of Plants from the Malaysian Rainforest. Antioxidants 2013, 2, 1–10. https://doi.org/10.3390/an-

tiox2010001. 

89. Do, Q.D.; Angkawijaya, A.E.; Tran-Nguyen, P.L.; Huynh, L.H.; Soetaredjo, F.E.; Ismadji, S.; Ju, Y.H. Effect of extraction solvent 

on total phenol content, total flavonoid content, and antioxidant activity of Limnophila aromatica. J. Food Drug Anal. 2014, 22, 

296–302. https://doi.org/10.1016/j.jfda.2013.11.001. 

90. Sikder, M.; Lead, J.R.; Chandler, G.T.; Baalousha, M. A rapid approach for measuring silver nanoparticle concentration and 

dissolution in seawater by UV‒Vis. Sci. Total Environ. 2018, 618, 597–607. https://doi.org/10.1016/j.scitotenv.2017.04.055. 

91. Ismail, M.M.; Morsy, G.M.; Mohamed, H.M.; El-Mansy, M.A.; Abd-Alrazk, M.M. FTIR spectroscopic analyses of 4-hydroxy-1-

methyl-3-[2-nitro-2-oxoacetyl-2(1H) quinolinone (HMNOQ). Spectrochim. Acta Part A Mol. Biomol. Spectrosc. 2013, 113, 191–195. 

https://doi.org/10.1016/j.saa.2013.04.117. 

92. Naghmachi, M.; Raissi, A.; Baziyar, P.; Homayoonfar, F.; Amirmahani, F.; Danaei, M. Green synthesis of silver nanoparticles 

(AgNPs) by Pistacia terebinthus extract: Comprehensive evaluation of antimicrobial, antioxidant, and anticancer effects. Bio-

chem. Biophys. Res. Commun. 2022, 608, 163–169. https://doi.org/10.1016/j.bbrc.2022.04.003. 

93. Singh, M.P.; Reddy, M.M.; Mathur, N.; Saxena, D.K.; Chowdhuri, D.K. Induction of hsp70, hsp60, hsp83 and hsp26 and oxida-

tive stress markers in benzene, toluene, and xylene exposed Drosophila melanogaster: Role of ROS generation. Toxicol. Appl. Phar-

macol. 2009, 235, 226–243. https://doi.org/10.1016/j.taap.2008.12.002. 

94. Binsalah, M.; Devanesan, S.; AlSalhi, M.S.; Nooh, A.; Alghamdi, O.; Nooh, N. Biomimetic Synthesis of Silver Nanoparticles 

Using Ethyl Acetate Extract of Urtica diocia Leaves; Characterizations and Emerging Antimicrobial Activity. Microorganisms 

2022, 10, 789. https://doi.org/10.3390/microorganisms10040789. 

95. Singh, M.P.; Ram, K.R.; Mishra, M.; Shrivastava, M.; Saxena, D.K.; Chowdhuri, D.K. Effects of coexposure of benzene, toluene, 

and xylene to Drosophila melanogaster: Alteration in hsp70, hsp60, hsp83, hsp26, ROS generation and oxidative stress markers. 

Chemosphere 2010, 79, 577–587. https://doi.org/10.1016/j.chemosphere.2010.01.054. 

96. Singh, M.P.; Mishra, M.; Sharma, A.; Shukla, A.K.; Mudiam, M.K.; Patel, D.K.; Ram, K.R.; Chowdhuri, D.K. Genotoxicity and 

apoptosis in Drosophila melanogaster exposed to benzene, toluene, and xylene: Attenuation by quercetin and curcumin. Toxicol. 

Appl. Pharmacol. 2011, 253, 14–30. https://doi.org/10.1016/j.taap.2011.03.006. 

97. Ellman, G.L.; Courtney, K.D.; Andres, V., Jr.; Feather-stone, R.M. A new and rapid colorimetric determination of acetylcholin-

esterase activity. Biochem. Pharmacol. 1961, 7, 88–95. https://doi.org/10.1016/0006-2952(61)90145-9. 

98. Nitta, Y.; Sugie, A. Studies of neurodegenerative diseases using Drosophila and the development of novel approaches for their 

analysis. Fly 2022, 16, 275–298. https://doi.org/10.1080/19336934.2022.2087484. 

99. Sharma, A.; Mishra, M.; Shukla, A.K.; Kumar, R.; Abdin, M.Z.; Chowdhuri, D.K. Organochlorine pesticide, endosulfan induced 

cellular and organismal response in Drosophila melanogaster. J. Hazard. Mater. 2012, 221–222, 275–287. 

https://doi.org/10.1016/j.jhazmat.2012.04.045. 

100. Sima, F.; Stratakos, A.; Ward, P.; Gundogdu, O.; Stef, L.; Pet, I.; Pet, E.; Pacala, N.; Lazar, V.; Corcionivoschi, N. The effect of an 

antimicrobial mixture on cryptosporidium. AgroLife Sci. J. 2019, 8, 227–232. 


