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INTRODUCTION  

 

In agriculture, silver nanoparticles (AgNPs) have gath-

ered considerable interest due to their distinctive char-

acteristics and potential benefits. Notably, AgNPs ex-

hibit strong antimicrobial effectiveness against various 

species of fungi, bacteria, and viruses, effectively con-

trolling plant pathogens and reducing crop diseases 

(Kumar et al., 2019; Neupane et al., 2022). In addition 

to their antimicrobial properties, AgNPs have shown 

potential as efficient insecticides and pesticides, there-

by reducing reliance on chemical alternatives and miti-

gating associated environmental and health impacts 

(Qamar et al., 2021). However, their application as a 

sustainable, plant-based alternative to conventional 

pesticides remains underexplored. Most studies have 

focused on their role in antimicrobial protection and 

nano-fertilization (Soliman et al., 2020; Sabir et al., 

2022).  

Building on the promising applications of AgNPs, the 

use of plant-based methods for their synthesis has 

gained increasing trend in recent years. This approach 

not only aligns with eco-friendly and biocompatible 

practices but also proves to be cost-effective, making it 

a sustainable alternative to conventional synthesis 

methods (Zhang et al., 2021). Plant extracts, rich in 

biocompounds such as phenolics, amines, proteins, 

flavonoids, amide groups, alkaloids, terpenoids, and 

pigments, act as effective reducing and capping agents 

in the synthesis of AgNPs. (Sukweenadhi et al., 2021) 

demonstrated that ethanol extract of Plantago major L. 

leaves functioned as a stabilizing agent during a scale-
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up synthesis trial, resulting in a ninefold increase in na-

noparticle yield compared to small-scale synthesis. The 

observed monodisperse nature of these nanoparticles 

was attributed to the active binding of secondary me-

tabolites to the nanoparticle surface. 

Among the many plant sources studied for the green 

synthesis of AgNPs, Vitex negundo stands out due to 

its rich content of secondary metabolites, particularly 

terpenoids, which are highly valued in agriculture 

(Barreto et al., 2021). Native to China, India, and Indo-

nesia, V. negundo has been traditionally used for vari-

ous agricultural purposes (Ahuja et al., 2015), including 

promoting the growth of newly planted trees through 

fumigation and the application of organic mixtures, 

which may include its own leaves (Nalini, 2004). Its leaf 

extract, when combined with neem cake, has been 

shown to prevent flower shedding and premature pod 

fall in field beans (Sundaramari and Ranganathan, 

2003), while the leaves themselves serve as green ma-

nure, enhancing soil fertility (Wang et al., 2022). Tradi-

tional pest control methods also leverage the insect-

repellent properties of V. negundo leaves, further show-

casing the plant’s efficacy in controlling pests across 

various crops (Ahuja and Ahuja, 2008; Lal and Verma, 

2006). These attributes not only highlight the plant’s 

agricultural value but also underscore its promise as a 

sustainable origin for AgNPs synthesis. This study 

aimed to utilize Vitex negundo leaf extract in the biosyn-

thesis of AgNPs and assess its potential as an eco-

friendly pesticide by evaluating its characterization, effi-

cacy, and safety.  

 

MATERIALS AND METHODS  

 

Green synthesis of AgNPs  

Fresh, healthy V. negundo leaves were sourced from 

the Foundation for Revitalisation of Local Health Tradi-

tion (FRLHT), Bangalore, India. The plant species was 

verified and certified by the University of Transdiscipli-

nary Health Sciences and Technology (TDU), Banga-

lore, India. Silver nitrate (AgNO3, LR grade, RankemⓇ) 

and other analytical-grade chemicals were obtained 

from local scientific suppliers in India. 

Vitex negundo leaves were first shade-dried, followed 

by overnight drying in an oven at 50°C and then finely 

powdered. The leaf powder was combined with distilled 

water in a 1:10 ratio and subjected to Soxhlet extraction 

at 60°C for 24 hours. The obtained extracts were pre-

served at 5°C for subsequent synthesis. To optimize 

the green synthesis of AgNPs, the extract was blended 

with a silver nitrate solution at different concentrations 

(1 mM, 2 mM, 5 mM, and 10 mM) in varying ratios (1:1, 

1:2, and 1:5). The mixtures were then shaken until a 

visible colour change occurred. The reactions were 

monitored using a UV-visible spectrophotometer across 

wavelengths from 400 to 500 nm, which corresponds to 

the characteristic surface plasmon resonance (SPR) 

band of AgNPs, indicative of free electron excitation(Ali 

et al., 2016). The mixture was subjected to centrifuga-

tion at 10,000 rpm for 20 minutes, and the resulting 

pellet was collected and oven-dried at 50°C overnight 

for further analysis.  

 

Characterization of AgNPs 

Nanoparticles are generally characterized in terms of 

their size, shape, dispersity, and surface area. The con-

sistency of these properties is crucial for their perfor-

mance in various applications. The synthesized AgNPs 

were analyzed using a range of analytical techniques. 

A UV-visible spectrophotometer (UV-1800, Shimadzu) 

was used to measure the maximum absorption in the 

range of 200-800 nm, with a resolution of 1 nm, ena-

bling the detection of the reduction of Ag+ ions to Ag0 in 

the mixture (Valsalam et al., 2019). The average size 

and dispersity of AgNPs were assessed through Dy-

namic light scattering (DLS) and zeta potential meas-

urements (ZEN 3600, Malvern Zetasizer)(Ravichandran 

et al., 2019). Structure and composition analysis were 

conducted using scanning electron microscopy (SEM, 

Apreo 2S, Thermo Fisher Scientific) in combination with 

energy-dispersive X-ray (EDX) analysis (Khan et al., 

2021). The crystallinity of AgNPs was confirmed via X-

ray diffraction (XRD) analysis, conducted at 5 VDC with 

Cu Kα radiation (λ = 1.54 Å), and a diffraction angle 

(2θ) ranging from 3° to 100° (Mohammed and Hawar, 

2022). Functional groups and biomolecules were de-

tected using Fourier-transform infrared spectroscopy 

(FTIR, QATR-S, SHIMADZU) over the range of 4000-

500 cm-1. 

 

In vitro assessment of pesticide efficacy of  

G-AgNPs 

The pesticidal activity of green-synthesized AgNPs was 

evaluated using Spodoptera litura and Helicoverpa ar-

migera as target pests. A 5 mg/L G-AgNPs suspension 

was applied to the eggs and 1st to 5th instar larvae of 

both pests, with distilled water serving as a control. 

Hatchability and mortality rates were assessed 24 

hours post-exposure. The impact of G-AgNPs on anti-

oxidant enzyme activities was also analyzed to evalu-

ate their physiological effects on the pest. 5th instar lar-

vae were homogenized with 0.1 M phosphate buffer 

(pH 7.4) for enzyme assays. The enzyme activities of 

CAT and GST were evaluated according to the proto-

cols outlined below. For SOD assays, the reaction mix-

ture was prepared by combining 2.85 mL of 0.05 M Tris

-succinate buffer (pH 8.2) with 50 µL of the sample. 

The reaction was initiated upon adding 100 µL of 8 mM 

pyrogallol. Absorbance changes were measured at 412 

nm every 30 seconds over a period of 3 minutes. For 

CAT assays, the reaction mixture was formed by com-

bining 100 µL of sample with 2.8 mL of 0.1 M sodium 

phosphate buffer (pH 7.4). Upon adding 0.1 ml of H2O2, 

the mixture was measured at 240 nm for 3 min, with 
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absorbance readings taken every 30 seconds. The 

GST assay was conducted by combining 2.7 mL of 0.1 

M sodium phosphate buffer (pH 7.4), 0.1 mL of 30 mM 

reduced glutathione, 100 µL of the sample, and 0.1 mL 

of 30 mM 1-chloro-2,4-dinitrobenzene (CDNB). Every 

30 seconds for 3 minutes, absorbance at 340 nm was 

measured to monitor the reaction. The GR assay reac-

tion mixture consisted of 500 µL of 0.2 M potassium 

phosphate buffer (pH 7.0), supplemented with 2 mM 

EDTA, 50 µL of 20 mM oxidised glutathione (GSSG), 

50 µL of 2 mM NADPH (prepared in 10 mM Tris-HCl, 

pH 7.0), and 350 µL of deionized water. The reaction 

was triggered with 100 µL of the sample, and the enzy-

matic activity was assessed by monitoring the absorb-

ance at 412 nm for 3 minutes.  

 

Safety assessment of G-AgNPs in Oreochromis 

urolepis  

The potential toxicity of green synthesized silver nano-

particles (AgNPs) was evaluated in Oreochromis urole-

pis (average weight: 0.97 ± 0.36 g), obtained from a 

local fish farm. Fish were maintained in 15 cm diameter 

fish bowls, each containing 1 L of tank water, at a con-

trolled temperature of 25°C with aeration. The experi-

mental setup involved exposing the fish to different 

concentrations of AgNPs (5 mg/L, 10 mg/L, and 25 mg/

L) for 24 hours and 5 days, respectively, while the con-

trol group was kept under identical conditions without 

AgNPs exposure. The fish were monitored, and bio-

chemical assays were conducted to assess oxidative 

stress and enzymatic activity. Antioxidant enzyme anal-

ysis was performed on the whole fish from both experi-

mental and control groups. Fish tissues were homoge-

nized in a 10% w/v solution of 0.1 M Tris HCl buffer (pH 

7.4) and subjected to centrifugation at 6000 rpm, 4°C 

for 15 minutes to collect the supernatant. The superna-

tant was kept at -20°C and subsequently analyzed for 

later analysis of enzyme activity analysis. Superoxide 

dismutase (SOD), catalase (CAT), glutathione-S-

transferase (GST) and reduced glutathione (GSH) lev-

els were assessed to determine the oxidative stress 

response. All the measurements were conducted in 

triplicate.  

To prepare the SOD reaction mixture, 120 µL of a 0.1 

mM EDTA and 50 mM Na2CO3 solution, 80 µL of a 96 

µM NBT solution, and 10 µL of a 0.6% Triton X-100 

solution were added to each well of a microwell plate. 

After incubating for 10 minutes, 15 µL of hydroxylamine 

hydrochloride solution and 20 µL of the sample super-

natant were added to the wells. The reaction proceed-

ed for 3 minutes, and the absorbance was recorded at 

560 nm to assess SOD activity (Kaur and Jindal, 2017). 

The CAT reaction was conducted in test tubes by com-

bining 2.9 mL of 12.5 mM H2O2 and 0.067 M phosphate 

buffer (pH 7) with 0.1 mL of the sample supernatant. 

The reduction of absorbance measured at 240 nm was 

monitored every 30 seconds for 3 minutes to assess 

CAT activity(Sutha et al., 2020). The GST reaction mix-

ture was prepared with 0.3 mL of the sample superna-

tant, 0.1 mL of 20 mM CDNB solution, and 2.5 mL of 

deionized water. After incubation at 37°C for 5 minutes, 

0.1 mL of 20 mM GSH solution was introduced to initi-

ate the reaction. The variation in absorbance at 340 nm 

was monitored at 30-second intervals for 5 minutes to 

determine GST activity(Ghosh et al., 2024). The GSH 

reaction solution was prepared by combining 0.01 mL 

of the sample supernatant with 0.2 mL of 0.2 M phos-

phate buffer. Following a 10-minute incubation, 0.1 mL 

of a 1 mM DTNB solution was added. The absorbance 

at 412 nm was then measured to determine the GSH 

level (Kaur and Jindal, 2017). 

 

Statistical analysis 

Triplicates were performed for all experiments, and the 

mean and standard error were calculated. To assess 

the significance differences, statistical analysis was 

conducted using one-way ANOVA, complemented  

by Tukey’s post-hoc test, at a significance level of  

p ≤ 0.05. 

 

RESULT AND DISCUSSION 

 

Characterization of AgNPs 

UV-Visible analysis 

One effective method for the swift characterization of 

metal nanoparticles is UV-visible spectroscopy 

(Wasilewska et al., 2023). The synthesis of AgNPs was 

verified through the measurement of surface plasmon 

resonance (SPR) in both the synthesis solution and 

Vitex negundo extract. The SPR absorption bands ob-

served in metal nanoparticles result from the synchro-

nized movement of free electrons, which resonate with 

the interacting light waves (Alharbi et al., 2022). The 

absorbance spectra between 400 to 500 nm are indica-

tive of the formation of AgNPs in solution (Arif et al., 

2022).  As shown in Fig. 1, the combination prepared in 

a 1:2 volume ratio with 2mM AgNO3 solution (S4)  

exhibited the most favourable spectral features, with  

a high-intensity peak observed at 435 nm after  

24 h of incubation. The result is consistent with the 

previous study, which reported UV-absorption bands at 

447 nm and 451 nm in plant-mediated green synthesis 

AgNPs (Nagesh et al., 2022). The observed peak shift 

is related to the particle size and degree of aggregation 

of the synthesized nanoparticles. As reported by 

Smitha et al. (2008), a sharp and narrow absorption 

peak suggests smaller nanoparticles, whereas a wider 

peak at an elevated wavelength indicates larger parti-

cle dimensions or aggregated AgNPs (Smitha et al., 

2008). 

 

Dynamic Light Scattering analysis  

The size distribution of the green-synthesised AgNPs 

was characterized using DLS (Fig. 2). The analysis 
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indicated an average AgNPs size of approximately 

236.4 nm and a polydispersity index (PDI) of 0.264. 

This indicates a homogeneous and broad size distribu-

tion (Sukweenadhi et al., 2021). This finding is com-

pletely compatible with previous studies, which report-

ed similar size ranges and distributions (Nagesh et al., 

2022; Ravichandran et al., 2019). The stability of the 

colloidal suspension was evaluated by assessing the 

zeta potential of the AgNPs. The result showed a dis-

tinct peak with an average zeta potential of -25.1 mV 

and a standard deviation of 5.53mV, suggesting moder-

ate stability of the AgNPs suspension. Generally, zeta 

potential values around ±30 mV are considered indica-

tive of a more stable colloidal system, resulting from 

electrostatic interactions, attraction, or repulsion among 

particles (Aryan et al., 2021). The measured zeta po-

tential of -25.1mV in the current study suggested that 

AgNPs exhibited a degree of stability. The observed 

stability can be attributed to the reducing agents pre-

sent in the Vitex negundo leaf extract, including phenol-

ic and flavonoid compounds, which likely contribute to 

the negative charge on the AgNPs and enhance their 

electrostatic stability(Abdelbaky et al., 2022; Yassin et 

al., 2022). 

 

Scanning Electron Microscopy analysis 

Scanning Electron Microscopy (SEM) was employed to 

investigate the surface morphology of the green-

synthesized AgNPs. At a magnification of 20,000x, the 

SEM image (Fig. 3A) revealed that most of AgNPs 

were spherical, although some particles exhibited signs 

of agglomeration.  The particle diameter ranged from 

10 to 88 nm. The predominance of spherical nanoparti-

cles aligns with the typical morphology of AgNPs syn-

thesized using plant extracts, where biomolecules in 

the extract serve as capping and stabilizing compo-

nents, promoting the formation of spherical shapes 

(Nezhadian et al., 2021; Tamilarasi and Meena, 2020). 

The presence of agglomerated particles may be  

influenced by several factors, encompassing the  

concentration of the plant extract, the synthesis  

conditions, and interactions between the nanoparticles 

and biomolecules.  

 

Energy Dispersive X-ray analysis  

Energy dispersive X-ray analysis (EDX) was used to 

confirm the constituents of AgNPs. The results shown 

in Fig. 3B confirmed the presence of elemental silver, 

verifying the successful synthesis of AgNPs. The high 

silver content (77.21%) affirms that silver is the pre-

dominant element in the nanoparticles. The presence 

of oxygen (14.67%) and carbon (8.12%) confirms the 

role of organic compounds in the plant extract in reduc-

ing and stabilizing (Khatun et al., 2023). Similar results 

were observed for AgNPs synthesized from Psophocar-

pus tetragonolobus (L.) leaves, with a silver content of 

70.38% and an oxygen content of 15.88% (Kamal Ku-

mar et al., 2020). 

 

X-ray Diffraction analysis  

X-ray diffraction (XRD) analysis was applied to charac-

terize the crystallographic structure of AgNPs. The XRD 

pattern (Fig. 4A) demonstrated distinct peaks at 2θ val-

ues of approximately 38.1°, 44.3°, 64.4°, 77.5°, and 

81.5°. These peaks correspond to the (111), (200), 

(311), and (222) crystallographic planes of face-centred 

cubic (fcc) structure of silver (JCPDS card no. 04-

0783), respectively, confirming the formation of pure 

AgNPs (Lanje et al., 2010; Yassin et al., 2022). The 

intensity and sharpness of the peaks suggest that the 

synthesized AgNPs exhibit high crystallinity 

(Ravichandran et al., 2019). This high crystallinity is 

crucial for the stability and functionality of AgNPs, indi-

cating that the synthesis process was effective in pro-

ducing well-formed and structurally consistent AgNPs. 

Additionally, the clear resolution of these peaks vali-

dates the effectiveness of the green synthesis method. 

It supports the purity of the NPs, which is essential for 

their potential application in various fields.  

 

Fourier Transform Infrared Spectroscopy (FTIR) 

analysis 

The FTIR analysis confirmed characteristic peaks indic-

ative of various functional groups found in both the Vi-

tex negundo extract and the green synthesized AgNPs 

(Fig. 4B). A broad O-H stretching vibration was ob-

served at 3274.1 cm-1, which signifies phenolic com-

pounds, while the C-H asymmetric stretching vibrations 

at 2924.6 cm-1 associated with alkanes. Additionally, an 

N-H stretching band was detected at 1591.8 cm-1, along 

with C-H stretching vibration at 788.9 cm-1, suggesting 

the presence of alkanes and branched chain alkanes at 

1394.3 cm-1. Furthermore, the identification of oxidized 

nitrogen functional groups (N-O stretch) was recorded 

at 1309.0 cm-1, along with an ether C-O stretch ob-

served at 1038.8 cm-1 (Pawar and Kamble, 2017). In 

comparison to the extract, the synthesized AgNPs ex-

hibited slight shifts and changes in peak intensity, indi-

cating an interaction between the extracellular metabo-

lites and silver ions. The reduction in intensity and shifts 

in peaks suggest successful capping and stabilization 

of AgNPs by the biomolecules from the extract, which is 

crucial for the nanoparticles’ stability and bioactivity. 

Similar findings have been reported, confirming the role 

of biomolecules in the synthesis process (El-Ashmouny 

et al., 2022; Soliman et al., 2020). 

 

In vitro and in vivo assessment of pesticide activity 

of G-AgNPs 

Hatchability and larvicidal activity 

Table 1 denotes a significant reduction in hatchability 

for both Spodoptera litura (from 100% to 39%) and Heli-
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coverpa armigera (from 100% to 22%) in the G-AgNPs 

treatment group compared to the control. AgNPs exhib-

ited the most pronounced negative effects on hatchabil-

ity, underscoring their potential as a toxic agent for pest 

management. Similarly, G-AgNPs demonstrated the 

highest larvicidal activity against both S. litura and H. 

armigera. Mortality rates (Table 2) ranged from 78-89% 

in S. litura (1st to 5th instars) and 83-100% in H. armige-

ra (1st to 5th instars), showing particularly strong effica-

cy across all larval stages. These results align with the 

findings of Manimegalai et al. (2020), who reported 

larval mortality rates of 69.76% and 68.04% for S. litura 

and H. armigera, respectively, when treated with Le-

onotis nepetifolia–mediated AgNPs. Similarly, AgNPs 

synthesized from Vernonia anthelmintica seeds exhibit-

ed larvicidal activity with LC50 values of 56.42 µg/mL for 

S. litura and 63.65 µg/mL for H. armigera (Manimegalai 

et al., 2021). Further studies with AgNPs using Dicro-

cephala integrifolia leaf extract reported comparable 

results, with larval mortality rates of 69.76% for S. litura 

and 68.04% for H. armigera, respectively (Manimegalai 

et al., 2022). A previous study investigated the molecu-

lar interactions of key bioactive compounds from Vitex 

negundo, including oxalic acid, 6-ethyloct-3-yl hexyl 

ester, and (11Z)-13-methyl-11-tetradecenyl acetate, 

against critical target proteins in S. litura (Jiang and 

Paari, 2025). These proteins, namely acetylcholinester-

ase (AChE), carboxylesterase (CES), ecdysone recep-

tor (EcR), and juvenile hormone-binding protein 

(JHBP), are essential regulators of neural transmission, 

detoxification, development, and reproduction, and are 

well-validated targets in insecticide research. Protein 

structures were prepared using standard protocols, 

including the removal of water molecules, correction of 

bond orders, addition of polar hydrogens, and automat-

ed protonation using the PyRx/AutoDock Vina work-

flow. Ligand-protein interactions with binding energies 

below −7.0 kcal/mol were considered to reflect strong 

binding affinity, indicating potential insecticidal rele-

vance of these phytochemicals(Jiang and Paari, 2025). 

The high mortality rates observed could be attributed to 

the interaction between AgNPs and hormones that reg-

ulate protein synthesis and metabolic activity in insects 

(Baskar et al., 2014). These findings further support the 

potential of plant-based silver nanoparticles as effective 

agents for pest management. 

The morphology effects on Spodoptera litura and Heli-

coverpa armigera larvae across their developmental 

instars revealed significant disruptions in larval physiol-

ogy, indicating the strong larvicidal properties of G-

AgNPs (Fig. 5 and 6). In the untreated control groups of 

both species, larvae exhibited normal growth patterns 

and maintained consistent pigmentation across the 1st 

to 5th instars. Conversely, larvae treated by G-AgNPs 

displayed progressive abnormalities, including dehydra-

tion, body deformation, and darkened pigmentation, 

reflecting severe physiological stress and tissue dam-

age. In both S. litura and H. armigera, early instars 

showed marked dehydration and desiccation due to 

nanoparticle-induced cuticle damage and impaired wa-

ter retention. Mid-instar insects exhibited wrinkled cuti-

cles, reduced body mass, and growth deformities, likely 

resulting from oxidative stress and hormonal disrup-

tions. Late instars developed darkened pigmentation, 

melanization, and black spots, indicative of cellular oxi-

dative damage and apoptosis. Likewise, AgNPs syn-

thesized using Artemisia herba-alba were shown to 

have significant effects on Spodoptera littoralis larvae, 

including dehydration, damage to the cuticle mem-

brane, disintegration of the intestinal epithelium, and 

gonadal deformation (El-Ashmouny et al., 2022). The 

melanization abnormalities suggest that AgNPs could 

disrupt essential hormones and neuropeptides, such as 

juvenile hormone and ecdysone, both of which are cru-

cial for insect growth and metamorphic regulation 

(Martínez-Cisterna et al., 2024). (Armstrong et al., 

2013) observed that significantly reduced pigmentation 

in D. melanogaster exposed to AgNPs, with melanin 

levels being negligible or entirely absent. This reduction 

was attributed to oxidative stress caused by AgNPs, 

which disrupted copper transporters essential for cop-

per absorption. This interference led to the inhibition of 

Cu-dependent enzymes, including copper/zinc super-

oxide dismutase (Cu/Zn SOD) and tyrosinase, both of 

which play pivotal roles in melanin synthesis. Conse-

quently, this resulted in defects in pigmentation and 

irregularities in plant development (Ávalos et al., 2015). 

Overall, these findings highlight the significant physio-

logical and morphological disruptions caused by G-

AgNPs in agricultural pest species, demonstrating their 

potential utility as an effective tool for pest manage-

ment.  

 

Biochemical assays 

The biochemical and enzymatic responses of Spodop-

tera litura and Helicoverpa armigera larvae to green-

synthesized silver nanoparticles (AgNPs) were ana-

lyzed, focusing on catalase (CAT) and glutathione-S-

transferase (GST) activities (Fig. 7). Notable changes 

in CAT activity were observed in S. litura, with a sub-

stantial rise of over 380%, increasing from baseline 

levels to approximately 2,800 mM/min/mg protein after 

AgNP treatment. This sharp increase suggests en-

hanced neutralization of hydrogen peroxide to counter-

act oxidative stress, which is consistent with the finding 

of Yasur and Usha Rani (2015), who reported dose-

related alterations in CAT, SOD, and POD, involved in 

Table 1.  Ovicidal activity of G-AgNPs on Spodoptera litura 

and Helicoverpa armigera 

Species egg Hatchability (%) 

S. litura 39.0 ± 0.1 

H. armigera 22.0 ± 0.1 
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the removal of Reactive oxygen species (ROS). Highly 

responsive and cytotoxic molecules like ROS can dis-

rupt lipids, proteins, and nucleic acids, leading to lipid 

peroxidation, protein denaturation, and mutations. The 

pronounced CAT activity in AgNP-treated S. litura lar-

vae underscores their heightened oxidative stress and 

subsequent antioxidative response (Ibrahim et al., 

2019). In contrast, H. armigera displayed a relatively 

modest increase in CAT activity, reaching around 1,000 

mM/min/mg protein, suggesting a less pronounced anti-

oxidant response compared to S. litura.  

GST activity, a critical enzyme involved in detoxifica-

tion, displayed contrasting patterns between the two 

species.  In H. armigera, GST activity was significantly 

elevated in control larvae, reaching 9.4 mM/min/mg 

protein, while AgNP-treated larvae exhibited a de-

crease to 5.0 mM/min/mg protein, a reduction con-

sistent with earlier reports suggesting that AgNPs may 

impair toxicity mitigation by interacting with GST en-

zymes (Parthiban et al., 2019). Conversely, in S. litura, 

GST activity remained relatively low, decreasing from 

1.0 mM/min/mg protein in the control to 0.7 mM/min/mg 

protein in AgNP-treated larvae. The reduced GST activ-

ity in both species may result from the combined influ-

ence of pharmacologically active compounds on the 

AgNPs’ surface, as noted by Jafir et al. (2021), which 

impairs the detoxification pathways and leads to meta-

bolic disruption, growth inhibition, and mortality.  

The observed biochemical responses align with the 

mechanisms by which AgNPs manifest their influence 

on insects, including physical disruption, genetic inter-

ference, and oxidative stress induction. AgNPs are 

known to reduce membrane permeability by crossing 

cellular barriers and interacting with genes that regulate 

membrane functions (Chen et al., 2019). Metal ions 

released from AgNPs in insects alter the enzyme activi-

ties related to detoxification mechanisms (Kafel et al., 

2012), including antioxidant enzymes such as peroxi-

dase (POD) and catalase (CAT), which play a role in 

removing harmful hydrogen peroxide (H2O2) and super-

oxide anions (Jomova et al., 2024). This disruption in 

enzymatic activity contributes to oxidative stress, which 

is linked to DNA damage. AgNPs penetrate the exo-

skeleton and interact with sulfur and phosphorus atoms 

Table 2. larvicidal activity of G-AgNPs on Spodoptera litura and Helicoverpa armigera 

mortality (%) I instar II instar III instar IV instar V instar 

 Spodoptera. litura 78.00 ± 0.19 83.33 ± 0.17 72.33 ± 0.09 77.67 ± 0.09 88.67 ± 0.10 

Helicoverpa armigera 100.00 ± 0.00 91.67 ± 0.14 83.33 ± 0.14 91.67 ± 0.14 100.00 ± 0.00 

Fig. 1. UV–vis spectra of Vitex negundo leaves extract 

and different green-synthesized groups of AgNPs. S1 - 

extract / AgNO3(1mM) = 1:5;  S2 - extract / AgNO3(1mM) = 

1:2; S3 - extract / AgNO3(1mM) = 1:1; S4 - extract / AgNO3

(2mM) = 1:2; S5 - extract / AgNO3(5mM) = 1:2; S6 - ex-

tract / AgNO3(10mM) = 1:2 

Fig. 2. a DLS and b zeta potential pattern of green-synthesized AgNPs 
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in proteins, impairing transcription and translation, while 

disrupting DNA repair proteins such as p53 and Rad51 

in insects like Drosophila melanogaster (Demir et al., 

2011).  Chronic toxicity is further evidenced by the ex-

pression of heat shock protein HSP70 and disruptions 

in dopamine and octopamine pathways, which impair 

development and fertility across generations (Posgai et 

al., 2009). 

 

Safety assessment   

The current study revealed the antioxidative enzyme 

responses to AgNPs exposure across different assays 

(Fig. 8). For SOD activity, no significant changes were 

observed in any treatment group 24 hours after AgNPs 

application, compared to the control. However, after 5 

days of exposure, both lower (5 mg/L) and higher (25 

mg/L) concentrations of AgNPs resulted in a notable 

increase in SOD activity (19.8% and 54.8%, respective-

ly), while no significant change was observed at the 

intermediate concentration (10 mg/L). The absence of 

immediate changes in SOD activity suggests that the 

SOD defence system did not initially respond to AgNPs 

exposure, which contrasts with findings from other 

studies, where SOD activity often increases as an im-

mediate adaptive response (Younas et al., 2022).  The 

notable increase in SOD activity on the 5th day at both 

low and high concentrations suggests a delayed oxida-

tive stress response, possibly due to the gradual accu-

mulation of reactive oxygen species (ROS). The lack of 

significant change at the intermediate concentration 

may imply a dose-dependent threshold effect, where 

the antioxidant system’s response is not linear or in-

volves alternative antioxidant mechanisms that com-

pensate for oxidative stress at this concentration. This 

dose-dependent response is consistent with findings 

from other studies, which suggest that the antioxidant 

defence system may only be triggered significantly be-

yond certain thresholds of ROS accumulation (Farag et 

al., 2023).  

The efficiency of hydrogen peroxide (H2O2) decomposi-

tion by catalase (CAT) is directly proportional to its ac-

tivity. After 24-hours of exposure, a significant decrease 

in CAT activity was observed across all AgNPs treat-

ment groups, with the most pronounced reduction at 

the lower concentration (72.4%). On the 5th day, no 

substantial variations were observed at the 5 mg/L and 

10 mg/L concentrations compared to the control; how-

ever, a significant reduction (36.7%) was noted at the 

higher concentration (25 mg/L). The substantial reduc-

Fig. 3.   A: a SEM Image of green-synthesized AgNPs; B: a EDX image display elemental composition of biosynthesized 

AgNPs 

Fig. 4. A: XRD pattern of green-synthesized AgNPs. B: FTIR spectra of Vitex negundo L. leaf extract and green-

synthesized AgNPs 
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tion in CAT activity after 24 hours suggests an immedi-

ate oxidative stress response in catalase (CAT) activity 

induced by AgNPs, which diminishes the enzyme’s 

ability to decompose H2O2. This aligns with findings 

that metal nanoparticles can interfere with antioxidant 

enzyme activities due to their promotion of ROS pro-

duction, which overwhelms the SOD-CAT system(Lee 

et al., 2012). The pronounced inhibition at the lower 

concentration indicates a high sensitivity of CAT activity 

to even minimal AgNP exposure, whereas the lack of 

Fig. 5. Larvicidal effect of G-AgNPs on Spodoptera litura. A-E represent control larvae from 1st to 5th instar; F-J represent 

G-AgNPs treated larvae from 1st to 5th instar 

Fig.  6. Larvicidal effect of G-AgNPs on Helicoverpa armigera. A-E represent control larvae from 1st to 5th instar; F-J rep-

resent G-AgNPs treated larvae from 1st to 5th instar 

Fig.  7. Oxidative stress biomarkers in Spodoptera litura and Helicoverpa armigera after exposure to AgNPs. Data is 

presented as Mean±S.D., n= 3 
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significant changes at 5 mg/L and 10 mg/L might reflect 

an adaptive or recovery mechanism. The persistent 

decrease at 25 mg/L suggests ongoing oxidative 

stress, consistent with other studies that show higher 

nanoparticle concentrations cause more severe oxida-

tive stress (Ale et al., 2018; Lee et al., 2012). In con-

trast, lower AgNPs concentrations in some studies 

have been associated with increased antioxidant en-

zyme activities, likely due to differences in exposure 

duration, dose, and species sensitivity (Clark et al., 

2019; Farkas et al., 2011).  

The GSH level in Oreochromis urolepis exhibited fluctu-

ations over the exposure duration. After 24 hours, no 

substantial differences were noted compared to the 

control at any treatment level. On the 5th day, GSH rela-

tive activity increased significantly by 24.3% at 25 mg/

L, while no significant changes were observed at the 

lower and intermediate concentrations. The fluctuations 

in GSH levels indicate an adaptive antioxidant re-

sponse to AgNP exposure. The lack of significant 

changes after 24 hours suggests that the initial expo-

sure did not drastically alter GSH levels. The significant 

increase at 25 mg/L on the 5th day suggests an en-

hanced synthesis or accumulation of GSH as a defence 

mechanism against oxidative stress induced by AgNPs 

(Canli and Canli, 2020). This adaptive response at 

higher concentrations highlights the role of GSH in miti-

gating prolonged oxidative damage (Atli et al., 2016). 

Conversely, the absence of significant changes at low-

er and intermediate concentrations implies that these 

exposure levels did not elicit a substantial oxidative 

challenge or that the fish had sufficient baseline antioxi-

dative capacity to cope with the stress.  

The rate of absorbance increases at 340 nm revealing 

the GST activity in the organism. This study showed 

that after 24 hours of exposure, the control group ex-

hibited the highest stress level. Various concentrations 

of AgNPs reduced stress levels. However, after 5-day 

exposure, higher AgNP concentrations demonstrated 

higher stress levels, while lower concentrations showed 

similar stress levels to the control. Mabrouk et al. 

(2021), found that exposing Oreochromis niloticus to 

chemical AgNPs at low concentrations (10 μg/L) en-

hanced the growth rates, feed efficiency, immunity, and 

antioxidant enzyme activities in Nile Tilapia (Mabrouk et 

al., 2021), However, higher concentrations led to detri-

mental effects, inducing toxicity in fish organs by dimin-

ishing antioxidant enzyme activity, disrupting the anti-

oxidant system’s ability to maintain safe ROS levels, 

inducing oxidative stress and potential cellular damage 

(Mansour et al., 2021). This highlights that green-

synthesized AgNPs using V. negundo leaves might 

have an advantage by enhancing the safety profile of 

AgNPs, thereby reducing the application risks associat-

ed with their use. 

 

Conclusion 

 

The study successfully demonstrated the green synthe-

sis of silver nanoparticles (AgNPs) using a V. negundo 

Fig. 8. Antioxidant enzyme activity of Oreochromis urolepis on exposure to different concentrations of AgNPs. Data is 

presented as Mean±S.D., n= 3. Different lowercase letters show a significant difference at 0.05 level 
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leaves extract, confirming their formation and charac-

terising their properties through various analytical tech-

niques. The synthesized AgNPs exhibited spherical 

morphology, moderate stability, and good crystallinity, 

indicating their potential for agricultural applications. 

Furthermore, the pesticide effect of green-synthesized 

AgNPs was evident, showing notable larval toxicity 

against S. litura and H. armigera. The safety assess-

ment of these plant-mediated AgNPs on Oreochromis 

urolepis highlighted a dose-dependent oxidative stress 

response, with lower concentrations posing minimal 

risks. These findings suggest that plant-mediated 

AgNPs offer not only an eco-friendly alternative to 

chemically synthesized nanoparticles but also a safer 

option for potential use in agriculture, thereby minimis-

ing environmental and health risks. Further studies will 

incorporate flexible docking approaches or molecular 

dynamics simulations, along with benchmark compari-

sons using known insecticides, to better account for 

receptor conformational variability and strengthen the 

validation of computational findings. Continued investi-

gation is encouraged to thoroughly investigate the po-

tential of plant-based nanoparticles in various agricul-

tural settings. 
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