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 Conventional termite control poses global challenges due to high costs, environmental 

hazards, and health risks, whereas biologically synthesized nanoparticles provide a 

sustainable, environmentally friendly, and cost-effective alternative. This study inves-

tigated the termiticidal efficacy of silver nanoparticles synthesized using Cola nitida 

seed shell extract (CSS-AgNPs). The aqueous extract of Cola nitida seed-shell was 

prepared  following the standard method. Varied volume of aqueous seed shell ex-

tract, and AgNO3 (40 mL of 4 mM) were used to prepare CSS-AgNPs equivalent to 

0.025, 0.125, 0.25, 0.75, 1.0 v/v). The synthesized CSS-AgNPs were characterized 

using UV–visible spectroscopy, Fourier  Transform Infrared (FTIR) spectroscopy, 

Transmission Electron Microscopy (TEM), and Selected Area Electron Diffraction 

(SAED). Termiticidal activity was assessed by exposing 25 worker termites 

(Nasutitermes   species) per concentration in triplicate, with mortality recorded every 

6 h for 72h. Biochemical parameters, including total protein (TP), superoxide dis-

mutase (SOD), catalase (CAT), reduced glutathione (GSH), glutathione peroxidase 

(GPx), glutathione-S-transferase (GST), malondialdehyde (MDA), acetylcholinester-

ase (AChE), and reactive oxygen species (ROS), were evaluated in exposed termites. 

The CSS-AgNPs appeared yellowish, with colour intensity increasing with concentra-

tion. UV–vis spectra showed peaks between 429.5 and 442.5 nm, while FTIR        

revealed O–H and C=C stretching vibrations. The nanoparticles were spherical, 5.48–

17.44 nm in size, and polycrystalline. CSS-AgNPs achieved 100% mortality within 24

–28 h, compared to 12 h for Solignum. Elevated antioxidant enzymes, ROS, and 

MDA levels, alongside reduced TP, GSH, and AChE activity, indicate oxidative stress

–mediated toxicity. These findings demonstrate the potential of CSS-AgNPs as an 

effective nanopesticide for sustainable  termite control which address SDG goal 15. 

https://dx.doi.org/10.4314/nano/v9i2.9  

https://www.stnanojournal.org/
https://dx.doi.org/10.4314/wsa
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 1. Introduction 

Termites are social insects classified 

within the order Isoptera. They are           

renowned for their capacity to decompose 

cellulose, which position them as significant 

contributors to the deterioration of wooden 

structures, crops, and forest resources. On a 

global scale, they are recognized as some of 

the most destructive pests, causing billions 

of dollars as annual damages through       

degradation of wood and other cellulose-rich 

materials [1]. The economic repercussions 

are substantial, impacting not only buildings 

and furniture but also agricultural lands and 

forest ecosystems. In subtropical and tropical 

areas such as Nigeria, termite infestations 

pose particularly serious challenges due to 

the favorable climate that promotes their  

reproduction and colony expansion. Studies 

indicated that bioclimatic factors play a   

crucial role in determining the habitat      

suitability for termite species in Nigeria [2]. 

Conventional approaches to termite        

management frequently rely on synthetic 

chemical termiticides, such as         organo-

chlorines, organophosphates, carbamates, 

and pyrethroids [3]. Although these       

chemicals can effectively manage termite 

populations, their persistent application has 

led to several problems, including contami-

nation of soil and groundwater, adverse    

effects on non-target species, environmental 

toxicity, and the emergence of termite strains 

that exhibit resistance to these treatments [3, 

4, 5]. Consequently, there is an urgent need 

to develop innovative and environmentally 

friendly termite control strategies that are not 

only effective but also sustainable, thereby 

mitigating environmental risks.  

Nanotechnology is a fascinating and 

emerging discipline that manipulates        

materials at an extremely small scale,      

specifically within the range of 1 to 100    

nanometers. This field presents novel      

possibilities for pest management and       

environmental stewardship [6, 7]. A     

prominent component in this sector is silver 

nanoparticles (AgNPs), which have attracted 

significant attention due to their potent     

antimicrobial, antifungal, and insecticidal 

properties [6, 8]. These nanoparticles can be 

synthesized through a variety of techniques 

such as physical, chemical, or biological but 

the biological technique (green synthesis), 

which employs plant extract, is increasingly 

favored. This approach is not only           

economically viable but also environmental-

ly friendly and compatible with living      

organisms [3, 8]. The biological synthesis 

approach employs natural reducing agents 

such as phytochemicals including,            

flavonoids, terpenoids, and alkaloids derived 

from plant materials. The Cola nitida parts 

had been reported to possess these            

biomolecules [9]. These agents facilitate the 

conversion of silver ions into nanoparticles 

while also ensuring their stability [8].  

The outer protective layers, known as 

seed shells of Cola nitida, frequently        

become agricultural waste after the seeds are 

processed for consumption, oil extraction, or 

various other applications [10, 11]. Each 

year, the agricultural communities generate 

enormous quantities of agricultural residues, 

amounting to millions or even billions of 

tones, particularly from significant crops and 

their byproducts [12]. Unfortunately, a     

substantial portion of these residues is either 

incinerated, discarded, or allowed to         

decompose, leading to issues such as air  

pollution, soil degradation, and greenhouse 

gas emissions [13]. This so-called "waste" 

signifies a missed economic opportunity, as 

kola seed shells are rich in valuable chemical 

constituents (including cellulose and        

bioactive compounds) and can be converted 

from waste to wealth [14]. This study aimed 

to test the potential of green-synthesized cola 

seed shell silver nanoparticles as a            

termiticide. To the best of our knowledge, 

this is the first study on Cola nitida          

biosynthesized silver nanoparticles as a     

termiticide.     

   

2. Materials and Methods 

2.1 Cola nitida Collection    

The Cola nitida fruits were sourced from 

a local farm located in Ogbomoso, Oyo 
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State. The fruits were opened to extract the 

seed shell, chopped into smaller pieces, and air-

dried for a duration of 5 days in ambient condi-

tions. Subsequently, the sample was ground 

into powder using Silver Crest SC-1589 blend-

er [15].  

 
2.2 Collection of Termites     

The termite mound was excavated using a 

shovel. Termite workers (Nasutitermes      spe-

cies) were gathered from a termitarium, and the 

soil from the termitarium was placed into a 

plastic container along with the workers col-

lected. The top of the container was then cov-

ered with muslin cloth to facilitate air circula-

tion, while also preventing the termites from 

escaping. The container with the termites was 

subsequently transported to the Laboratory of 

Ecotoxicology, Genetics and Nanobiotechnolo-

gy at LAUTECH, Ogbomoso, for further analy-

sis [16].  

 
2.3 Preparation of Seed Shell Extracts      

Precisely 1g of the powdered seed shell in 

100 mL of distilled water was used to prepare 

the extract of Cola nitida. The mixture was 

subsequently heated in a water bath at 60 °C for 

1 h. The extract was filtered through  Whatman 

No. 1 filter paper and then subjected to centrif-

ugation at 4000 rpm for 20 min. The resulting 

supernatant was labeled as the extract and 

stored at 4 °C for future use [15, 17].  

 
2.4 Green Synthesis of Silver Nanoparticles  

The seed shell extract of Cola nitida was 

utilized to synthesize silver nanoparticles, as 

previously detailed by Lateef et al. [15] with 

some modifications. Varied volume of     aque-

ous seed shell extract (5.0, 10.0, 20.0, 30.0 and 

40.0 mL) and AgNO3 (40 mL of 4 mM) were 

used to prepare CSS-AgNPs  equivalent to 

0.025, 0.125, 0.25, 0.75, 1.0 v/v.  were sepa-

rately prepared in the reaction vessels to facili-

tate the reduction of silver ions to the nano 

form. The reaction proceeded for 15 min under 

bright sunlight to enable photoactivation. The 

development of silver nanoparticles was ob-

served by monitoring the visual colour change 

[15, 18]. 

2.5 Characterisations of Cola Seed Shell-

AgNPs 
The AgNPs produced from the extract of 

the seed shell of Cola nitida were characterized 

through UV-visible spectroscopy, Fourier 

Transform Infrared (FTIR) spectroscopy, 

Transmission electron microscopy (TEM), and 

Selected area electron diffraction (SAED) as 

previously described [19].  

 
2.6 Termiticidal Activity of Biosynthesized 

Silver Nanoparticles  
Feeder blocks of Gmelina arborea -(0.5 x 

0.5 inch) were dried at 50 °C for 4 days as de-

scribed by Mantanis et al. [20] with some mod-

ifications. The blocks were weighed before and 

after seasoning. In brief, feeder blocks were 

dipped for 48 h into different concentrations 

(0.025, 0.125, 0.25, 0.5, 0.75, and 1.0 v/v) of 

CSS-AgNPs, as well as 10% Solignum 

(positive control) and  distilled water (negative 

control). The seasoned blocks were dried at 50 

°C for 4 days, and weighed again before start-

ing the experiment. The blocks were placed in       

perforated petri dishes, and twenty-five termites 

were exposed to the treated feeder blocks, with 

a lid at the top. The experiment was set up in 

triplicate. The mortality was recorded at an in-

terval of 2 h for 72 h, and the percentage mor-

tality was calculated [20].  
 

2.7 Preparation of Termite Tissue Homoge-

nate  
Termite tissue homogenate was prepared 

according to the method described by Oboh et 

al. [21]. The 0.1 M phosphate buffer of pH 7.4, 

was used to homogenize the termites. For ten 

minutes, the resultant homogenates were centri-

fuged at 10,000 rpm. The supernatant was then 

used for the different biochemical tests and 

stored in Eppendorf tubes with     labels.  

 
2.8 Antioxidant Enzyme Activity   

2.8.1 Superoxide Dismutase (SOD)  
Superoxide Dismutase (SOD) activity in the 

homogenate sample was determined according 

to the methods of Misra and Fridovich [22] 

Abodunrin et al. 
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with some modifications. In brief, dilute 100 

µL homogenate sample with 900 µL of dis-

tilled water (ratio 1:10). Then, 200 µL of the 

diluted sample was added to 2.5 mL of car-

bonate buffer (pH l0.2) and 300 µL of freshly 

prepared adrenaline, monitored for 3 min at 30 

s intervals, and measured at 340 nm. Standard 

solution was prepared by adding 2.5 mL of car-

bonate buffer, 200 µL of distilled water, and 

300 µL of adrenaline and then read on the 

spectrophotometer at wavelength 340 nm. The 

change in absorbance of samples and blank was 

thereafter determined using the following equa-

tions:  
1 unit of SOD activity is equivalent to 50%  inhi-

bition of the rate of the inhibited reaction. 

2.8.2 Catalase  
The catalase activity of the homogenate 

samples was evaluated as previously reported 

[23]. The process entailed the reaction of 0.1 

mL of each tissue homogenate sample with 0.4 

mL of 2 M H2O2, while 1.0 mL of 0.01 M 

phosphate buffer (pH 7.0) was included. The 

reaction was terminated by the addition of 2.0 

mL of dichromate acetic acid. A spectropho-

tometer was utilized to determine the absorb-

ance of the reaction mixture at 570 nm. A 

standard curve was established by    reacting 

0.4 mol of 2 M H2O2 and 2 mL of dichromate 

acetic acid with 1.0 mL of 0.01 M sodium 

phosphate buffer (pH 7.0).                        Sub-

sequently, the catalase activity was       calcu-

lated and expressed as units per mg of protein, 

where one unit corresponds to 1 μmol of H2O2 

consumed per minute.  

 

 

 
2.8.3 Glutathione Peroxidase (GPx) Activity   

The assay for glutathione peroxidase (GPx) 

was conducted following the methodology out-

lined by Rotruck et al. [24]. Briefly 0.1 mL of 

Tris-HCl was combined with 0.1 mL of sodium 

azide, 0.1 mL of  hydrogen peroxide, 0.1 mL of 

the test homogenate, and 0.1 mL of glutathione 

reagent. The resulting mixture was incubated at 

37 °C for ten minutes. Subsequently, 0.1 mL of 

trichloroacetic acid (TCA) was added to halt 

the reaction, and the mixture was    centrifuged 

for 10 minutes at 3000 rpm. 0.5 mL of Ellman's 

reagent was added to the    supernatant and 

then measured at 412 nm.  
2.8.4 Glutathione-S-transferase (GST)   

The activity of Glutathione-S-transferase 

(GST) in the homogenate samples was assessed 

following the procedure outlined by Habig et 

al. [25]. The reaction mixture  consisted of 30 

µL mL of 0.1 M phosphate buffer (pH 7.4), 75 

µL of 20 mM CDNB, and 15 µL of 100 mM 

GSH. Following a pre-incubation period of 5 

minutes at 37° C, the reaction was initiated by 

adding 30 µL of the sample, and the absorb-

ance was measured at a wavelength of 340 nm 

at 30 s, 90 s, 150 s, and 210 s. A reaction mix-

ture devoid of the enzyme served as the blank. 

The specific activity of Glutathione-S-

transferase was calculated as mMoles of GSH-

CDNB conjugate formed per minute per mg of      

protein, utilizing an extinction coefficient of 

9.6 mM' cm [25]. The GST activity was    com-

puted and reported as units of GST  activity per 

mg of protein.  

 

 

 

Where O.D means Optical density per minute. 

TV means total volume of reaction per minute. 

2.9 Biochemical Parameters    

2.9.1 Total Protein (TP)  
Total protein was estimated using LABKIT 

reagent by the method of Kaplan and Pesce 

[26]. Three test tubes were labeled    reagent 

blank, standard, and sample. Exactly 1 mL of R 

reagent was added into all three test-tubes.  Into 

the test tube labeled standard, 25 µL of calibra-

tor was added, followed by the addition 25 µL 

of sample into the test tube   labeled sample. 

The reaction mixture was mixed and incubated 

for exactly 10 mins at 15-25 °C. The absorb-

ance of the sample and calibrator was read 

Abodunrin et al. 



     Nano Plus: Sci. Technol. Nanomater. 9(2) (2025) 90 – 105   

 

against the blank at 540 nm.  

 
2.9.2 Reduced Glutathione (GSH)    

The activity of reduced glutathione in    

tissue homogenate was measured using 

Ellman’s method. This method relies on the 

formation of a yellow color upon the addition 

of 5, 5′-dithio-bis-2-nitrobenzoic acid (DTNB) 

to the compound containing sulfhydryl groups, 

as adapted from Moron et al. [27]. The         

procedure followed thus; each homogenate 

sample (100 µL) was mixed with 900 µL of 

normal saline to give a 1 in 10 serial dilution. 

Sulphosalicylic acid (1.5 ml) was added to the 

diluted sample and then allowed to stand at 

room temperature for 10 min. The mixture was 

centrifuged for 5 min at 4000 rpm, and 0.5 mL 

of the supernatant was added to 0.5 mL of 0.1 

M phosphate buffer (pH 7.4). Finally, 0.5 mL 

of Ellman's reagent was added to the solution, 

a yellow coloration was observed and the     

absorbance was read at 412 nm.  

 
2.9.3 Malondialdehyde (MDA) (Lipid peroxi-

dation) 

Measurement of malondialdehyde was    

carried out based on the method described by 

Okhawa et al. [28] with some modifications. In 

brief, 1.6 mL of buffer (pH 7.4), 0.4 mL of 

sample, 0.5mL of TCA, and 0.5 mL of TBA 

was added to a test-tube, followed by           

incubation in a water bath for 45 min at 80°C, 

the test solution was allowed to cool, followed 

by centrifugation at 4000 rpm for 10 min and a 

clear pink supernatant was picked out and read 

at 532 nm. The MDA level was calculated as 

follows:     

Where E532 = 1.56 × 10 × 10-5.  

 
2.9.3 Acetylcholinesterase (AChE) activity  

The Ellman et al. [29] method was used to 

measure the activity of acetylcholinesterase. 

195 µL of distilled water, 20 µL of 60 mM  

potassium phosphate buffer (pH 8.0), 20 µL of 

20 mM DTNB, 5 µL of homogenate, and 20 

µL of 20 mM acetylthiocholine (as initiator) 

comprised the reaction mixture. After that, the 

reaction was observed at 412 nm for three 

minutes at 30-second intervals. After that, the 

AChE activity was computed and reported as 

mmol AcSch/h/mg protein. 

 

2.9.5 Reactive Oxygen Species (ROS) Level     
The method described by Hayashi et al. 

[30] was employed to assess the level of      

reactive oxygen species in the homogenates of 

termite tissue, expressed as H2O2 equivalent 

with slight modifications. In summary, 1,400 

μL of sodium acetate buffer and 50 μL of    

tissue homogenate were combined in a cuvette. 

Subsequently, 1,000 μL of the n-n-diethyl-para

-phenylenediamine (DEPPD) reagent mixture, 

which consists of 6 mg/mL of DEPPD and 

4.37 μM of ferrous sulfate dissolved in 0.1 M 

sodium acetate at pH 4.8, was added. The     

resulting mixture was incubated for 5 min at 37 

°C. The absorbance was measured at 505 nm 

using a spectrophotometer. A standard         

calibration curve for H2O2 was utilized to    

estimate the levels of reactive oxygen species, 

which were reported as units per mg of protein, 

with 1 unit corresponding to 1 mg H2O2/L.  

 
2.10 Field experiment     

A field experiment was carried out         

according to the method described by Baker 

and Miguelena, [31] with some modifications, 

where feeder block of Gmelina arborea treated 

with CSS-AgNPs at higher concentration (1.0 

v/v) and untreated feeder block were            

administered in the termitarium.  

 
2.11 Statistical analysis  

Data were evaluated using One-Way   

Analysis of Variance (ANOVA), followed by 

Duncan’s multiple range test (P≤0.05). Data 

were presented as mean ± Standard Error of 

Mean (SEM). The analysis was conducted    

using the Statistical Package for the Social    

Sciences (SPSS) software (version 20.0).  

 

3. Results and Discussion  

3.1 Biogenic Synthesis and Characteriza-

tion of AgNPs     
The AgNPs was synthesized by a biologi-

Abodunrin et al. 
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cal approach using the seed shell of Cola nitida. 

The biosynthesized CSS-AgNPs showed a   

yellowish colouration as reported earlier [32, 

33]. However, colour of AgNPs became deeper 

by varying the concentrations of Cola seed 

shell extract (Figure 1).  

The concentration of plant extracts had 

been reported to be a significant factor that   

influences the rate and formation of              

nanoparticles during green synthesis [34]. The 

research emphasized that the ratio of plant    

extract to silver nitrate solution is crucial, as it 

significantly affects the synthesis process and 

the properties of the resulting nanoparticles 

[35]. Our studies collectively affirmed that the 

concentration of plant extract plays a pivotal 

role in nanoparticle synthesis. This could be 

ascribed to the vibration of surface Plasmon, 

which resulted to the reduction of Ag-+ to AgO 

in the silver nanoparticles [36].  

The UV-vis spectra of the CSS-AgNPs 

were obtained at the peaks of 429.5, 441.0, 

442.5, 430.5, 417.5, and 434.0 nm for 0.025, 

0.125, 0.25, 0.5, 0.75, and 1.0 v/v, respectively 

(Figure 2). The absorption wavelength could be 

ascribed to variation in the plant extracts and 

distribution of bio-active molecules in the seed 

shell of Cola nitida acting as a reducing agent, 

which were within the range of 391-440 for 

AgNPs [33].  

The FTIR absorption spectrum showed 

broad and strong peaks of 3307.5 and 1635.05 

cm--1 at 0.75 v/v, and 3307.92 and 1635.41   cm

--1 at 1.0 v/v for CSS-AgNPs, while CSS-

extract showed maximum peaks of 3324.23 and 

1634.81 cm--1 (Figure 3). The band 3307 cm--1 

represents O-H stretch hydroxyl group,         

indicating the presence of alcohols and phenols, 

Abodunrin et al. 

Figure 1: Biosynthesis of silver nanoparticles using seed shell of Cola nitida fruit  

Figure 2: The UV-Vis spectra of CSS-AgNPs at various concentrations  
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while band 1635 cm--1 represents C=O stretch 

functional group corresponding to amide or  

alkene. These peaks indicated that proteins 

were the capping and stabilizing agents for the 

synthesis of silver nanoparticles. The FTIR 

spectra showed the transmittance of different 

chemical functional groups present in the     

extracts of the seed shell of Cola nitida treated 

with AgNO3.  

The observed peaks resembled those that 

had been previously documented on the        

biosynthesis of AgNPs using various Cola   

nitida parts [32, 33]. The FTIR analysis        

indicates that the biogenically produced AgNPs 

were capped and stabilized by proteins, which 

play a crucial role in the bio-reduction of     

AgNO3 to AgNPs, as well as in their            

subsequent capping and stabilization. The FTIR 

results of the silver nanoparticles confirmed the 

existence of various functional categories and 

the dual role of the plant extract as both a    

capping and reducing agent [37]. 

The TEM analysis of the biosynthesized 

CSS-AgNPs size and morphological structure 

showed that the CSS-AgNPs was spherical, 

with sizes ranging from 5.48 to 17.44 nm 

(Figure 4A). The characteristics of the single 

and poly-crystalline AgNPs configuration were 

displayed in a ring-like fashion by the Selected 

Electron Area Diffraction (SAED) pattern 

(Figure 4B). This was in accordance with the 

report of Yekeen et al. [33]. 

 

3.2 Termiticidal Activity of Biosynthesized 

Silver Nanoparticles     
In this study, CSS-AgNPs potential as a 

termiticide was tested. The cola nitida          

mediated silver nanoparticles displayed total 

mortality at all the concentrations at different 

times. The CSS-AgNPs at 0.025, 0.125, 0.25, 

0.5 v/v displayed complete mortality (100%) of 

the tested termites at 28 h, while same was 

achieved at 24 h for 0.75 and 1.0 v/v (Figure 5). 

The Solignum   had 100% death at 12 h of    

exposure, while no death occurred at the       

distilled water treatment group (Figure 5). It 

was observed that as the concentration         in-

creases, the period of death of the termite de-

creases. The potency of the AgNPs may be as a 

result of the diversity and distribution of bio-

molecules in the plant materials, which  influ-

enced the shape and size of the              nano-

particles. Raghda et al. [38] also reported ter-

miticidal activity of biosynthesized          nano-

Abodunrin et al. 

Figure 3: FTIR of CSS-extract (A), CSS-AgNPs at 0.75 v/v (B), CSS-AgNPs at 1.0 v/v (C) 
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particles, in their report, the rate of death in-

creased as concentration increased, with 100% 

mortality at the highest concentration. Further-

more, Sayed et al. [39] reported that as the 

concentration of nanoparticles increased, so did 

the performances (percentage mortality).  
Similarly, biosynthesized AgNPs from 

Azadirachta indica leaf extract exhibited 100% 

larval mortality in Oryctes rhinoceros at higher 

concentrations [40]. Additionally, AgNPs   

synthesized using Pedilanthus tithymaloides 

leaf extract resulted in 100% mortality of     

Aedes aegypti larvae at a concentration of 

0.25% [41]. These findings suggest a strong 

correlation between AgNPs concentration and 

insect mortality across various species.  

 

3.3 Antioxidant Enzyme Activity  

Table 1 showed the mean values of        

antioxidant enzymes of termites treated with 

CSS-AgNPs, distilled water, and Solignum. 

Mean values of SOD activity of termite 

exposed to CSS-AgNPs compared with the 

controls showed a significant (P < 0.05)       

increase in SOD activity at all concentrations 

of the AgNPs. The CSS-AgNPs exhibited the  

highest SOD activity (12.357 U/mg protein) at 

1.0 v/v when compared to the negative control, 

which maintained the lowest SOD activity 

(0.512 U/mg protein). The positive control 

(Solignum) recorded the highest SOD activity 

(15.683 U/mg protein) compared to values     

obtained at the highest concentration of CSS-

Abodunrin et al. 

Figure 4: TEM for CSS-AgNPs (A) and SAED for CSS-AgNPs (B) 

Figure 5: Termiticidal activity of the different concentrations of CSS-AgNPs  
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AgNPs SOD (12.357 U/mg protein). There was 

no significant difference (P> 0.05) in the values 

of SOD activity of termite exposed to           

concentration 0.75 v/v and 1.0 v/v. The results 

confirm that SOD activity increased in a dose-

dependent manner, with higher nanoparticle 

concentrations (1.0 v/v) leading to greater      

oxidative stress and heightened antioxidant    

response. Green-synthesized AgNPs have been 

shown to trigger oxidative stress and influence 

the levels of antioxidant enzymes like SOD. For 

instance, a study involving microbial cells found 

that exposure to AgNPs led to a notable increase 

in SOD activity, which points to heightened   

oxidative stress [42]. In a similar vein, research 

on vector control revealed that AgNPs sourced 

from plant extracts, such as Azadirachta indica, 

exhibited larvicidal effects against mosquitoes, 

implying that induced oxidative stress might be 

a key mechanism at play [43]. 

These results highlight the promising       

potential of nanoparticle strategies to induce  

oxidative stress in insect pests. The Solignum   

treatment group induced the strongest response, 

while the CSS-AgNPs treatment group at 1.0 v/v 

approached Solignum   levels, indicating that 

CSS-AgNPs are highly potent in oxidative stress 

induction. This suggests that plant-mediated 

AgNPs could serve as an alternative                

bio-

in-

secticide with strong oxidative effects. 

The values of CAT activity increase         

significantly (P < 0.05) as the concentration of 

CSS-AgNPs increased with the highest value 

(11.385±0.854) obtained at the highest          

concentration (1.0 v/v) of CSS-AgNPs         

compared to the negative control (2.228±0.048 

U/g protein). The positive control (Solignum) 

exhibited the highest CAT activity (18.456 ± 

2.178 U/g protein), suggesting its strong oxida-

tive stress-inducing effects. Exposure to silver 

nanoparticles has been shown to influence     

catalase activity in various insect species, with 

effects depending on the concentration of 

AgNPs. A previous study has shown that       

exposure of insects to AgNPs, triggers oxidative 

stress responses, which include an increase in 

CAT activity as a defensive measure [44].  

However, if the antioxidant-enzyme response 

becomes too strong or lasts too long, it can lead 

to cellular imbalance, apoptosis, and even     in-

sects’ death [45]. While there are still limited 

studies focused on termites available in the  pub-

lic domain, it is worth noting that           plant-

derived or green-synthesized AgNPs have also 

been associated with higher levels of      antioxi-

dant enzymes (like CAT) in arthropod pests. 

This suggests that the up-regulation of these en-

zymes might happen before they       become 
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Mean with different superscript letter a, b, c, d and e are significantly different from one another (P< 0.05).   
Superoxide dismutase (SOD); catalase (CAT); glutathione peroxidase (GPx); glutathione-S transferase (GST) 

Treatment 

groups 

SOD (unit/mg       

protein) 

CAT (U/g         

protein) 

GPx (µg GSH/ mg 

protein) 

GST (U/g       

protein) 

Distilled     

water 

0.512±0.095e 2.228±0.048d 6.84±0.15d 3.0±0.1e 

CSS-AgNPs         

0.025 0.982 ±0.027de 4.310±0.118cd 13.26±0.36cd 11.0±1.9de 

0.125 1.728±0.199cde 4.760±0.144cd 14.66±0.44cd 16.0±0.5de 

0.25 3.018 ±0.519cd 5.692 ±0.414c 17.56±1.27c 26.0±1.9cd 

0.5 3.363 ±0.347c 6.950 ±0.309c 21.47±0.95c 39.0±1.8c 

0.75 11.618±1.128b 10.059±0.649b 31.14±2.01b 84.0±6.2b 

1.0 12.357±0.441b 11.385±0.854b 35.11±2.55b 85.0±3.0b 

Solignum 15.683±1.242a 18.456±2.178a 42.13±3.73a 93.0±14.8a 

Table 1:  Comparison of antioxidant enzymes activity of termites treated with CSS-AgNPs, distilled water and   
Solignum   treatment groups  



     Nano Plus: Sci. Technol. Nanomater. 9(2) (2025) 90 – 105   

 

exhausted leading to mortality in      situations 

of high exposure. In this study, all the concen-

tration of AgNPs treatment groups caused sig-

nificantly greater CAT activity than distilled 

water, suggesting oxidative stress    induction, 

but were lower than the value        obtained in 

Solignum   treated termites. 

The values of GPx activity showed a       

significant (P < 0.05) increase in activity among 

termites exposed to the different concentrations 

of Cola nitida seed shell-mediated AgNPs in 

comparison with the negative and positive   

controls. Termites exposed to distilled water 

exhibited the lowest GPx activity (6.84 ± 0.15), 

indicating minimal oxidative stress.  In contrast, 

Solignum   treatment termites displayed the 

highest GPx activity (42.13 ± 3.73), suggesting 

a pronounced oxidative stress response. The 

GPx activity increased progressively as the  

concentration of AgNPs increases. The highest 

concentration (1.0 v/v) of CSS-AgNPs induced 

the highest GPx activity (35.11 ± 2.55) among 

the nanoparticles treated groups. These findings 

align with previous reports on the induction of 

oxidative stress by AgNPs in insect models. 

Stürmer et al. [46] demonstrated that sub-lethal 

AgNPs exposure in the beetle, Blaps             

polychresta, triggered excessive ROS           

production. The AgNPs induced oxidative stress 

in Drosophila melanogaster, where exposure to 

AgNPs disrupted antioxidant enzymes,          

ultimately impaired the flies’ oxidative stress 

defense system [47]. Fluctuations in GPx level 

w reported to play a crucial role in how cells 

defend themselves against oxidative stress 

caused by nanoparticles. For instance,        

Aporrectodea caliginosa, an earthworm, upon 

exposure to AgNPs showed notable increases in 

GPx and CAT activities [48]. Additionally, 

plant secondary metabolites like flavonoids, 

tannins, alkaloids, and phenolics which are key 

players in the green synthesis of AgNPs also 

affect how these nanoparticles form and behave 

biologically, potentially altering their toxicity 

profiles [49].  

The values of glutathione-S-transferase 

(GST) activity of termites showed a significant 

(P < 0.05) increase as the concentration of CSS-

AgNPs is increases when compared to the    

control (distilled water treatment group) that 

had the lowest GST activity (3.0 ± 0.1), while 

the Solignum   treatment group showed the 

highest activity (93.0 ±14.8 ), when compared 

with the highest GST values (85.0 ±3.0)        

obtained for CSS-AgNPs treated group (1.0 v/

v), with no significant difference (P> 0.05) in 

the values for the termite treated (0.75 v/v and 

1.0 v/v). Study has shown that AgNPs can    

influence the activity of GST in insects, which 

is part of their way of adapting to detoxify 

harmful substances. For instance, when larvae 

of Spodoptera litura and Achaea janata were 

fed castor leaves treated with AgNPs, their GST 

activity changed, often increasing at certain 

doses after exposure [50]. The cowpea storage 

beetle (Callosobruchus maculatus), for instance 

when exposed to insecticides and                    

bio-insecticides, there were notable increase in 

the activities of glutathione-related antioxidant 

enzymes, including GST [51]. While there are 

not many studies focused specifically on       

termites, plant-mediated AgNPs have been 

shown to cause changes in antioxidant enzymes 

in other insect species, hinting at a potential  

reason for the heightened GST responses seen 

in termites when exposed to these nanoparticles.   

 

3.4 Biochemical parameters   

Table 2 showed the mean values of          

biochemical parameters of termites treated with 

CSS-AgNPs, distilled water and Solignum. 

The values of total protein show a            

significant decrease (P < 0.05) as the            

concentration of CSS-AgNPs is increasing  

compared to the distilled water treatment group, 

which maintained the highest total protein value 

(0.359 µg/mL) indicating no oxidative damage. 

The Solignum   treatment group exhibited the 

lowest total protein values (0.044 µg/mL),   

suggesting strong protein degradation effects 

when compared to values obtained at the    

highest concentration of CSS-AgNPs (0.071µg/

mL). Research has shown that exposure to 

AgNPs can lead to a decrease in total protein 

levels and disrupt the balance of proteins in   

insect pests. This probably happened through 

the oxidation of proteins mediated by ROS and 

a hindrance in protein synthesis [52].               

Amarasinghe et al. [53] found that exposing 

mosquito larvae to AgNPs caused significant 
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biochemical and physiological changes. This 

exposure led to expression of oxidative stress 

markers and disruption of normal physiology, 

which often goes hand-in-hand with changes in 

total protein levels.  The decrease in protein 

content observed in termites treated with        

biosynthesized AgNPs can be attributed to ROS-

induced protein oxidation and protease           

activation. 

The results of GSH levels showed a         

significant (P < 0.05) decrease in CSS-AgNPs-

treatment group compared to the distilled water 

treatment group, which recorded the highest 

GSH level (1.499 µg/mg protein). Solignum   

treated group exhibited the lowest GSH level 

(0.506 µg/mg protein), indicating strong        

depletion of glutathione reserves, likely due to 

high oxidative stress.  

The level of GSH in CSS-AgNPs treated 

group decrease in dose-dependent manner, with 

lowest value (0.635±0.007 µg/mg protein)     

obtained at the concentration of 1.0 v/v. The  

decline in GSH level can compromise termite 

cellular defense mechanisms, increasing        

susceptibility to oxidative stress. The AgNPs 

have been shown to cause various physiological, 

genotoxic, and structural changes in the midgut 

tissues of beetles, specifically Blaps               

polychresta, as reported by El-Samad et al. [54]. 

The research revealed that when the beetle was 

exposed to AgNPs, there was a significant drop 

in the levels of GSH in their midgut tissues. 

Similarly, Sillapawattana et al. [55] examined 

the impact of AgNPs on the common soil      

arthropod, Folsomia candida, and reported that 

increase in AgNPs concentrations led to         

decrease in the total GSH pool (which includes 

both reduced and oxidized forms). These      

findings which were also observed in our study, 

suggest that biosynthesized AgNPs may      

compromise GSH related antioxidant defenses 

in insects, potentially triggering oxidative stress 

and associated physiological effects. 

A significant (P < 0.05) increase in MDA, 

lipid peroxidation activity in termites exposed to 

CSS-AgNPs compared to the distilled water 

treatment group was observed. The Solignum-

treated termite group exhibited the highest    val-

ue of MDA (42.72 ±3.43 nmol/mg protein) 

when compared with those treated with        dis-

tilled water, which showed the lowest MDA lev-

el (0.58 ±0.04 nmol/mg protein). The     highest 

MDA activity of CSS-AgNPs        treatment 

groups was observed at the highest concentra-

tion of 1.0 v/v. Exposure to AgNPs had been 

reported to result in increased lipid peroxidation, 
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Treatment 

groups 

TP (µg/mL) GSH (µg/mg 

protein) 

MDA (nmol/

mg protein) 

ROS (unit/

mg protein) 

AChE (mmol 

AcSch/h/mg 

protein) 

Distilled   

water 

0.359±0.007a 1.499±0.004a 0.58 ±0.04e 1.80±0.07e 10.03±0.22a 

CSS-AgNPs           

0.025 0.186±0.005b 0.998±0.004b 3.55±0.13de  5.50±0.10d 9.18±0.25a 

0.125 0.168±0.005b 0.975±0.004c 5.84±0.27cde  6.40±0.20d 6.74±0.39b 

0.25 0.141±0.010c 0.930±0.004d 9.04±0.57cd  7.80±0.50d 5.96±0.46bc 

0.5 0.115±0.005d 0.849±0.004e 13.16±0.48c 11.00±0.50c 6.39±0.15bc 

0.75 0.079±0.005e 0.662±0.004f 33.96±2.36b 20.00±1.30b 4.65±0.55d 

1.0 0.071±0.005e 0.635±0.007g 33.99±1.36b 17.70±0.50b 5.13±0.61cd 

Solignum 0.044-±0.005f 0.506±0.010h 42.72±3.43a 24.20±1.80a 2.96±0.44e 

Table 2: Biochemical parameters of termites treated with CSS-AgNPs, distilled water and Solignum  

Mean with different superscript letter a, b, c, d and e are significantly different from one another (P< 0.05). Total 
protein (TP); glutathione (GSH); Malondialdehyde (MDA); reactive oxygen species (ROS) and acetylcholinesterase 
(AChE).  
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which is indicated by higher   levels of MDA 

in various insect and arthropod models. This 

aligns with the idea that oxidative stress can 

cause damage to cell membranes [44]. There 

few or no report on MDA activity in termites. 

However, El-Samad et al. [56]   reported sig-

nificant increase in MDA in Blaps polychresta 

ovarian tissue exposed to AgNPs. Similarly, 

Raj et al. [57] exposed AgNPs against Dro-

sophila and reported that AgNPs induce ROS 

and downstream oxidative effects; useful as 

mechanistic support for observed  lipid peroxi-

dation. This suggests that exposure to biosyn-

thesized AgNPs can lead to increased MDA 

levels, reflecting heightened lipid       peroxida-

tion and oxidative stress in termites.   

The values of ROS activity of termites 

showed a significant (P < 0.05) increase as the 

concentration of CSS-AgNPs is increasing 

with the higher values (20.00±1.30) obtained at 

0.75 v/v concentration when compared to    

distilled water treatment group (1.80±0.07).  

The Solignum treatment group with the highest 

ROS levels (24.20 ± 1.80), significantly greater 

than even the highest AgNPs concentrations, 

indicates a stronger oxidative stress effect. 

However, CSS-AgNPs at 0.75 v/v               

concentration (20.00 ± 1.30) approached the 

ROS levels seen in Solignum, suggesting a  

potent oxidative response. The results of this 

study align with previous research          

demonstrating that biosynthesized AgNPs    

induce oxidative stress in insects through     

increased ROS generation. Green-synthesized 

AgNPs derived from Moringa oleifera extracts 

showed a dose-dependent ability to kill      

mosquito larvae and induce oxidative stress in 

species like Aedes aegypti [58; 59]. In a similar 

vein, AgNPs produced from Azadirachta     

indica have proven to be highly effective in 

biological and insecticidal applications,       

successfully managing termite populations by 

causing oxidative damage and mortality [60].  

The mean values of AChE showed a      

significant (P < 0.05) decrease in AChE       

activity in termites exposed to the various   

concentrations of CSS-AgNPs with lower    

value (4.65±0.55 mmol AcSch/h/mg protein) 

observed at 0.75 v/v concentration compared to 

the distilled water treatment group that         

exhibited the highest AChE activity (10.03 ± 

0.22 mmol AcSch/h/mg protein). Solignum 

treatment group significantly suppressed AChE 

activity with lowest value (2.96±0.44 mmol 

AcSch/h/mg protein) recorded, highlighting its 

strong neurotoxic effect. While the AgNPs did 

not reach this level of inhibition, they showed a 

marked reduction in AChE activity compared 

to the distilled water treatment group.  In     

termites, AgNPs may bind to the active site of 

AChE, altering its structure and preventing the 

breakdown of acetylcholine. This results in  

excessive neurotransmission, causing neural 

hyperexcitation, paralysis, and eventually 

death. The findings from this study are in line 

with earlier research that highlights the        

potential of AgNPs as insecticides. A study 

involving Aedes aegypti larvae showed that 

those exposed to AgNPs made from Annona 

reticulata extract experienced a significant 

drop-in AChE activity compared to the control 

groups. This suggests that there could be    

neurotoxic effects at play [61]. Similarly,     

research on AgNPs derived from Cola nitida 

showed comparable results, reinforcing the 

idea that plant-based AgNPs can effectively 

inhibit AChE activity in termites. It's important 

to note, though, that the level of inhibition   

varies based on the composition of the         

nanoparticles and how they are synthesized. 

When looking at commercial pesticides, the 

Solignum   treatment group showed the highest 

inhibition of AChE activity at 2.96 mmol 

AcSch/h/mg protein, while the CSS-AgNPs 

resulted in 4.65 mmol AcSch/h/mg protein at a 

concentration of 0.75 v/v. Although AgNPs are 

quite effective, they have not yet outperformed 

commercial insecticides. Nonetheless, their 

environmentally friendly characteristics make 

them a promising alternative. Additionally,  

exposure to AgNPs has been found to inhibit 

AChE activity in various insect models, such 

as mosquito larvae and beetles, which align 

with the neurotoxic and oxidative stress effects    

induced by these nanoparticles [54, 62].  

   

3.5 Field Experiment: Direct Exposure of 

Biosynthesized AgNPs to Termitarium   

Field trials comprising the direct             

application of treated wood with CSS-AgNPs 
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and untreated wood to active termitaria have 

demonstrated encouraging outcomes in termite 

management under natural settings. In this   

investigation, treated wood with CSS-AgNPs at 

the highest concentration (1.0 v/v) which was 

the most potent was administered into          

termitarium. Observations revealed that        

termites infested the untreated wood in the   

termitarium at zero h and after 48 h of exposure 

(figure 6 A and B).  

Also, there was a noticeable avoidance of 

the CSS-AgNPs treated wood by termites after 

48 h of exposure (figure 6 C and D), creating 

an unfavourable condition for termite inside 

termitarium suggesting AgNPs can serve as 

termite repellents or control agents. The termite 

avoidance behaviour observed in this study  

towards wood treated with CSS-AgNPs is   

consistent with previous research showing that 

biosynthesized AgNPs have a strong repellent 

or antifeedant effect on a variety of insect pests 

[60; 63]. These field trials validate the          

effectiveness of biosynthesized AgNPs in    

natural environments, providing a non-toxic, 

plant-based alternative to synthetic pesticides.      

 

4. Conclusion  

The biologically synthesized AgNPs 

showed excellent results in termiticidal activity 

with higher concentration of CSS-AgNPs 

showing 100% mortality at 24 h. Biochemical 

analyses have shown that oxidative stress     

responses are at play, highlighted by increased 

levels of SOD, CAT, GPx, GST, and ROS. 

Higher lipid peroxidation was also observed, as 

evidenced by elevated MDA levels.              

Additionally, a drop in total protein and GSH 

levels indicate a disruption in protein            

metabolism and a depletion of antioxidants. 

Also, the noted decrease in AChE activity 

points to potential neurotoxic effects that led to 

the death of the termites. Collectively, this  

finding suggests that biosynthesized CSS-

AgNPs exert toxicity through oxidative stress, 

enzyme modulation, and cellular damage,     

ultimately leading to termite mortality. This 

study provides an alternative method of termite 

management using biosynthesized AgNPs 

thereby reducing the need for synthetic method 

of termite control. Therefore, Sustainable     

Development Goal 15 (protection of forests 

(wood), environment, and biodiversity) can be 
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Figure 6: Exposure of untreated wood (A and B) and wood treated with CSS-AgNPs inside termitarium (C and D)  
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addressed by using biosynthesized CSS-

AgNPs. This report on Cola nitida seed shell 

mediated nanoparticles as termiticide is the first 

to be reported, and serve as a means of        

conversion of waste to wealth in line with SDG 

goal 12.    
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