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Pest control measures using nanobiotechnology principles is now being extensively utilized in the various parts of the 
world. Understanding the molecular mechanism behind the pestiicdal activity of the nanomaterials is essential to exploit the 
principles of nanomaterials as an effective pest control strategy. In the present investigation, impact of the nanoconjugate 
prepared from biogenic silver nanoparticles-fungal based insecticidal metabolites (AgNps-FM) on the gut microbion and 
immune response against major lepidopteron pest Spodoptera litura (Fab.) was studied. Nanoconjugate was prepared from 
silver nanoparticles from Pomegranate (Punica granatum) peel extract with the fungal based pesticidal metabolites. Highly 
stable nano structural nano conjugate thus obtained was evaluated against gut microbion and immune response of 
Spodoptera litura. Gut microbion status was studied by determination of microbial count, extra cellular enzymes potential of 
the gut microbial isolates adopting culture dependent methods. Nanoconjugate induced effect on the immune response was 
done by recording total hemocyte count and reduced total haemocyte count, phenol oxidase activity and lectin expression 
pattern Synthesized nanoconjugate brought about notable impact on the gut microbion count and their extra cellular enzyme 
potential. Reduced haemocytes count, poor lectin expression and reduced phenol oxidase production reveals the immune 
suppressive activity. High efficacy of the Nanoconjugate thus obtained would suggest the possible utilization of 
Nanoconjugate as an effective, safe pesticidal agent against economic important insect pests. 
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The utilization of nanotechnology in agriculture  
has exceeded expectations into new research 
contemplates, which delineates to nanofood frameworks, 
nanobiotechnology and nanoremediation1,2. Use of 
nanotechnology in agribusiness incorporates plant 
reproducing, accuracy horticulture, malady control, 
biotechnology hereditary qualities, manure innovation 
and unified fields. In the event that ranchers are given 
great comprehension of farming creation framework, 
the use of nanotechnology has brilliant prospects like 
nanoformulations of compost, reconnaissance and 
control of nuisances and illnesses, instrument of host 
parasite association at atomic dimension, improvement 
of new age pesticides and their professions, 
conservations and bundling of nourishment added 
substances, reinforcing of normal filaments, expulsion 
of contaminants from water and soil, expanding the 
timeframe of realistic usability of blossoms and 
vegetables, mud based nanosensors for accuracy 

water the executives, recovery of salt influenced soils, 
adjustment of disintegration inclined surfaces3,4. 
Accuracy cultivating, antimicrobial nanomaterials for 
plant pathogens and improvement of nanopesticides 
are present day approaches in agribusiness. Nano-
cultivating, nano sustenance and nano packaging are 
the highlights of nanotechnology in nourishment 
industry. Nano-sensors are connected in keen quality 
conveyance framework and in location of pathogen. 
Creepy crawly vermin weed and parasites are to be 
overseen by the utilization of nanobiopesticides, 
herbicides and fungicides5. These create draft and 
irritation safe yields. Use of nanotechnology 
improved nourishment quality and sustenance 
wellbeing likewise improves handling and 
sustenance6. This extended nanotechnology as another 
premise to convalesce winning harvest the board 
rehearses. The employments of nanomaterials, 
especially, metallic nanoparticles are getting more 
consideration because of their improved explicitness, 
steadiness, work biocompatibility, phenomenal 
quality, progressively substance reactivity, and having 

—————— 
*Correspondence: 
E-mail: biologiask@gmail.com 



NAMASIVAYAM & BHARANI: SILVERNANOPARTICLES LOADED PYRROLE BASED PESTICIDAL METABOLITES 
 
 

479

a high electrical conductivity which will be utilized to 
abuse the standards of nanotechnology as a standout 
amongst the most encouraging, viable, green 
methodologies for bug control in the ongoing years7. 

Various reports reveals the diverse nanomaterials 
and their role in pest management against economic 
important pests associated with crops8. Our late 
examinations demonstrates that unmistakable pesticidal 
action of silver nanoparticles, parasitic metabolites 
stacked chitosan nanocomposite against Spodoptera 
litura would propose the conceivable usage of 
nanoprinciples as a compelling pesticidal operator9,10. 
In this examination, impact of fungal metabolites 
loaded with silver nanoparticles on gut microbion and 
immune response of Spodoptera litura has been 
completed. Among the different metallic nanoparticles, 
silver has turned out to be most encouraging 
nanomaterial in light of its high potential enemy of 
microbial activity and biocompatibility11. Potential 
natural exercises of silver nanoparticles against 
microorganism (microbes, infections, parasites and 
different pathogens) have announced somewhere else. 
Nonetheless, few reports are accessible on the 
pesticidal or insecticidal action of silver nanoparticles 
against monetary imperative creepy crawlies bothers. 
With this target, the present research work is attempted 
to assess pesticidal action of silver nanoparticles 
orchestrated from strip concentrate of pomegranate 
(Punica granatum) stacked contagious metabolites 
against major polyphagous pest Spodoptera litura 
(Fab.) (Lepidoptera: Noctuidae). Spodoptera litura 
(Fabricius) (Lepidoptera: Noctuidae) is an important 
lepidopteron pest associated with diverse plants12 and is 
thought about thriftily indispensable in various 
stretches, nations including Indian subcontinent and 
Asian nations. S. litura is a defoliating bug that upsets 
the gather of different developed money crops, 
vegetables, organic products, weeds and elaborate 
plants by sustaining agreeably on leaves and it incites 
outsized financial fatalities in harvest plants. The 
controlling of Spodoptera litura to protect the enduring 
and unprecedented efficiency of harvests is an 
enormous experience in agrarian turf and in this way; 
pesticide treatment is extensively capable for its 
control. There is broad misgiving over unfavorable 
impact of pesticides on ecological and humanoid 
condition inferable from accumulation of pesticide 
leftovers notwithstanding ascent of pesticide opposition 
in the creepy crawlies13. Biological control utilizing 
assorted organic operators assume an imperative  
job in concealment or control of a wide scope of  

bug bugs related with different agro biological 
community.  

Microbial biocontrol operators can be efficacious and 
work as substitutes to wide scope of compound 
pesticides14. Their enlarged activity will require 
expanded pathogen destructiveness and accelerate 
pathogen execution under animating natural conditions, 
better viability in their creation, improvements in 
definition that helps less demanding application, 
enlarged biological determination and delayed 
timeframe of realistic usability, better comprehension of 
how they will sufficient into coordinated frameworks 
and their interface with the earth and other incorporated 
irritation the executives (IPM) factors, more  
noteworthy increment of their ecological additions and 
acknowledgment by cultivators and the general 
network15. Among the microbial agents, organisms are 
those which support ailment signs in creepy crawlies and 
furthermore grasp growths from quick executioners to 
finish parasites that convey illness side effects in the  
host16. Biocontrol of Spodoptera litura utilizing 
entomopathogenic contagious strains under research 
center and field trails unmistakably uncovers the 
parasitic biocontrol operators displayed particular 
pesticidal action by chronicle greatest mortality to the 
larval instars and trademark changes in the existence 
stages17,18. Growths are likewise known to create a wide 
scope of insecticidal metabolites like beauvericin, 
cyclodepsipeptide particle delivered by Beauveria and 
destruxins of Metarhizium species19. However, less 
report are accessible on the broad method of activity of 
insecticidal metabolites and their use design in 
horticulture division. In the present investigation, impact 
of the nanoconjugate prepared from biogenic silver 
nanoparticles-fungal based insecticidal metabolites 
(AgNps-FM) on the gut microbion and immune 
response against Spodoptera litura (Fab.) was studied. 
Gut microbion status was studied by determination of 
microbial count, extra cellular enzymes potential of the 
gut microbial isolates adopting culture dependent 
methods. Nanoconjugate induced effect on the immune 
response was done by recording total hemocyte count 
and reduced total haemocyte count, phenol oxidase 
activity and lectin expression pattern 
 

Materials and Methods 
Synthesis of silver nanoparticles-pesticidal metabolites 
(AgNps-PM) nanoconjugate 

Nanoconjugate was prepared from highly stable 
silver nanoparticles that derived from peel extract 
broth of pomegranate (Punica granatum). Reduction 
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of precursor with the peel extract brought about 
highly stable, crystalline, nano structural silver 
nanoparticles as described by our previous studies20. 
Metabolites used for nano conjugate preparation was 
extracted from fungal strain Nomuraea rileyi (F) 
Samson as described in our previous study21. This 
study reveals the extra cellular metabolites of the 
fungal origin with pesticidal compounds like pyrrolol. 
Nanoconjugate was synthesized from the silver 
nanoparticles and the fungal metabolites as reported 
by our earlier studies via green science principles as 
reported by our very recent study22. Characterization 
of the synthesized nano conjugate was done by suitable 
analytical techniques like UV visible absorption 
spectroscopy, fourier transform infrared spectroscopy 
(FTIR) and scanning electron microscopy (SEM) to 
determine structural, functional properties of the nano 
conjugate. Simple dispersion method that we carried 
out brought about nano structural, well aggregated 
particles with 85-95 nm. 
 
Nanoconjugate induced gut microbion stress 

Bioassays 
III instar larvae of S. litura were selected for this 

study. Freshly molted healthy larvae were allowed to 
feed castor leaves sprayed with different 
concentration of free silver nanoparticles, fungal 
metabolites and AgNps-PM separately. Three 
replicates and control wereg were maintained 
Respective treatment groups were incubated at 28°C. 
 
Gut microbion status 

Nanocomposite induced effect on the gut 
microbion status was studied by determination total 
count (bacteria) and extra cellular enzyme potential 
adopting culture dependent methods. Gut tissue was 
aseptically dissected out followed by homogenization 
with sterile saline. Homogenate was serially diluted in 
sterile saline under aseptic condition. Known volume 
of aliquot was plated on sterile nutrient agar, 
incubated at 37°C for 24-48 h. After the incubation 
period, viable bacterial colonies were counted and 
recorded. Pure culture of the respective bacterial 
strain was identified by morphological, cultural and 
biochemical characteristics23. Nanoconjugate induced 
effect was studied by recording the differences in 
generic composition and the results were represented 
as generic composition inhibition (%). Effect of 
nanoconjugate on the extra cellular enzyme 
production potential was also done. In this method, 
the respective pure culture was inoculated on the 

nutrient medium supplemented with starch (amylase), 
casein (protease) and carboxyl methyl cellulose 
(cellulose). From the data of enzyme producers in the 
respective treatment group, enzyme production 
inhibition (%) was determined. 
 
Impact of nanoconjugate on the immune response 

Total hemocyte count 
Effect of AgNps-PM on the total haemocyte count 

of III instar larva was carried out by the modified 
method of Gupta24. Hemolymph was drawn from the 
respective treatment group of larvae into WBC pipette 
(0.5 mL – physiological saline) and was vigorously 
shaken for few minutes, poured on Neubauer 
haemocytometer. Observation of hemocytes was done 
under Olympus light microscope at 40X.  

Effect of nano treatment on Phenoloxidase (PO) 
assay was done by the modified method of Cotter and 
Wilson25. The hemolymph was collected from 
respective groups of III instar larvae was transferred 
to the sterile eppendorf with 0.4 mL of phosphate 
buffered saline followed by the addition of 0.1 mL of 
20 mM LDOPA. Spectrophotometric measurement  
of dopachrome as the end product reveals PO activity. 
The increase in absorbance was measured at 475 nm 
and the amount of PO in the sample was calculated 
where one unit is the amount of enzyme required to 
increase the absorbance by 0.001 per min. 
 
Lectin analysis 

Effect of nano conjugate on lectin activity from 
respective treatment groups was also studied. The  
rate of lectin formation was determined using 
haemoagglutination titration. 
 
Results and Discussion 

Fungi are the important groups of biopesticidal 
agents against an economically important pests and 
the effective management of fungal and fungal  
based, metabolites as pest control management are  
highly utilized26. Nanotechnology principles for  
the formulation of various agro active agents 
including fungal metabolites is an attractive, effective 
strategy of pest control due to the higher efficacy,  
less non target effect and best biocompatibility. In  
this study, enhanced pesticidal activity of fungal 
pesticidal agent Nomuraea rileyi (F.) Samson mediated 
pesticcidal metabolites were formulated with silver 
nanoparticles and the synthesized nanoconjugate  
was evaluated for the enhanced pesticidal activity 
against S. litura. 
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Synthesis of silver nanoparticles-pesticidal metabolites 
(AgNps-PM) nanoconjugate 

Nanoconjugate was prepared from highly stable 
silver nanoparticles that derived from peel extract 
broth of pomegranate (Punica granatum). Reduction 
of precursor with the peel extract brought about 
highly stable, crystalline, nano structural silver 
nanoparticles as described by our previous studies20. 
Metabolites used for nano conjugate preparation was 
extracted from fungal strain Nomuraea rileyi (F) 
Samson as described in our revious study21. Pesticidal 
metabolites were extracted from the fungal strain was 
readily soluble in ethyl acetate reveals the presence of 
Pyrrolo based pesticidal metabolites. 

Silver nanoparticles loaded fungal metabolites 
were characterized by various analytical techniques22. 
Characterization of the synthesized nano conjugate 
was done by suitable analytical techniques like  
UV visible absorption spectroscopy, fourier transform 
infrared spectroscopy (FTIR) and scanning electron 
microscopy (SEM) to determine structural, functional 
properties of the nano conjugate. Simple dispersion 
method that we carried out brought about nanostructural, 
well aggregated particles with 85-95 nm. High  
stability was confirmed by no sign of aggregates, 
color changes or turbidity in the prepared nano 
conjugate which exposed at different time periods 
(Table 1). 
 
Pesticidal activity 

Pesticidal activity was studied by determination of 
cumulative mortality against larval instars that reand 
developmental parameters of S. litura different life 
stages.Results are represented as activity index 
percentage calculated from mortality rate data 
obtained from free nanoparticles and metabolites 
against respective larval instars that reported in our 
studies22. Our finding reveals that nanoconjugate 
brought about notable effect on the all the tested 
developmental parameters. 

Effect on gut microbion status 
Determination of gut microbion status also reveals 

the notable pesticidal activity. The bacterial flora 
resides in the gut of the insects is considered as a 
notable metabolic resource to the nutrition of the 
insects by various means27. Disruption of gut 
microbiota causing a severe effect to the insect 
physiology this would be effective in controlling the 
pests. In this study, nanoconjugate induced effect was 
studied by recording the differences in generic 
composition and the results were represented as 
generic composition inhibition (%). A total of  
105 isolates belong to 4 genera like Bacillus, 
Pseudomonas, Alcaligenes and Micrococcus were 
isolated from the gut and the occurrence or frequency 
of distribution was found to be changed in the 
nanoconjugate treatment. Results indicates that all the 
tested bacterial generic composition was found to be 
inhibited significantly in the nanoconjugate treatment 
(Fig. 1). It can be seen that synergistic activity of 
silver nanoparticles and the active principles of 
bioactive metabolites which formulated with silver 
nanoparticles brought about diverse molecular 
mechanism which in turn inhibits the bacterial 
growth. Followed by bacterial generic composition, 
marked effect on the extra cellular enzymes 
production potential was also reduced in the 
nanoconjugate treatment (Fig. 2), Inhibitory potential 
of the active principles of nano conjugate also 
exhibits the marked effect on the enzyme production 
potential. 
 
Effect on the cell mediated immune response 

Pesticidal activity was further confirmed by 
studying cell mediated immune response of S. litura. 
Effect on the immune response was determined by 
changes in total hemocytescount, phenoloxidase 
activity and lectin analysis. Insects have well 
developed protection system against invading external 
materials like production of antimicrobial peptides, 
various intermediates of nitrogen, oxygen, cytokines, 
prophenoloxidase (PO), phagocytosis, nodulation, 
encapsulation. Previous studies on pest control 
measures have focused on larvicidal activity of 
nanomaterials. However, to the best of our 
knowledge, there have been no reports on the silver 
nanoparticles, silver nanoparticles loaded metabolites 
based immune suppression which shot down the 
immune system and in turn cause mortality against 
Spodoptera litura. In the present study, AgNps-FM 
nanoconjugate and its immune suppression studies has  

Table 1 — Effect of storage (days) on the stability  
of nano conjugate 

Incubation time 
(Days) 

Colour change / 
turbidity 

Aggregates 

10 - - 
20 - - 
30 - - 
40 - - 
50 - - 

-Absent 
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Fig 1 — Generic composition inhibition of gut microbion 
(A) Bacillus; (B) Pseudomonas; (C) Alcaligenes; and (D) Micrococcus 
 

studied. Total hemocyte count plays a major role in 
immune system by phagocytosis, nodule formation, 
encapsulation and hence the total number of 
haemocytes reflect the involvement of immune system 
to deal with pathogens or chemical molecules28. The  

 
 

Fig 2 — (A) Amylase; (B) Protease; and (C) Cellulase production 
potential inhibition (%) of gut microbion isolates 
 
results clearly indicates that nano conjugate recorded 
distinct effect on the total hemocytes count. Exposure 
to the nano conjugate treatment, significant reduction 
of different hemocytes like plasmatocytes, pro 
hemocyte granular, oenocytoid, spherulle was 
recorded (Fig. 3). Among the various types of 
hemocytes, plasmatocytes were found to dominant 
followed by prohemocytes. Significant decrease of all 
the hemocytes was recorded in 1.0 g/L of nano 
conjugate followed by 0.1 g/L. However, no changes 
in all the hemocytes was inferred from free fungal 
metabolites (FM). Metabolites and free silver 
nanoparticles with all the dosages did not increase or 
reduce total hemocytes count (THC). Previous studies  
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Fig 3 — (A) Effect of free Silver nanoparticles; and (B) Nanoconjugate on total hemoytes count of Spodoptera litura 

 

using pathogens26,27 and plant extracts mediated effect 
on the total hemocyte count of economic important 
insect pests have reported28. This is the first report of 
nanoparticles or nanoparticles loaded metabolites 
mediated immune suppression studies on S. litura and 
the nanoprinciples induced suppressed immune response 
was measured by studying changes in the total hemocyte 
count (THC-0, phenol oxidase (PO) activity and  
lectin expression studies. Further, nano conjugate 
mediated influence on phenol oxidase (PO) activity was 
studied. Results presented in Figure 4 showed that there 
was dose dependent decrease in enzyme activity. After 
the application of 1.0 and 0.1 g/L dosages of nano 
conjugate treatment, significant reduction of PO activity 
was recorded (P =0.5%). However, all the dosages of 

fungal metabolites (FM) treatment, PO activity was not 
found to be significantly differed from that of control. 
Phenol oxidase enzyme plays an important role in 
recognition of exogenous chemicals, parasites, 
parasitoids and pathogens in various arthropods29. 
Increase in phenol oxidase activity has long been 
correlated with increased resistance to pathogen30 and 
decrease of phenol oxidase activity is attributed to 
weakening of immune system31. In the present 
investigation, AgNp-FM treatment brought about drastic 
reduction of PO activity which clearly indicates 
weakening of immune system of S. litura. As a result, 
AgNp-FM was found to be highly virulent which 
suppressed the immune response of the host and known 
to cause mortality.  
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Table 2 — Effect of free AgNp, fungal metabolites (FM)  
and AgNps-FM on the formation of hemoagglutination 

at different time periods 

Treatment Concentration 
(g/L) 

Hemoagglutination 
(HA) at different time 

(min) 
  30 45 60 75 90 105 120 
Free silver nanoparticles 
(F-AgNps) 

1.0 - - + + + + + 

 0.1 - - + + + + + 
 0.01 - - + + + + + 
Free fungal metabolites 1.0 - - + + + + + 
 0.1 - - + + + + + 
 0.01 - - + + + + + 
Nano conjugate 
(AgNps-FM) 

1.0 - - - - - + + 

 0.1 - - - - - + + 
 0.01 - + + + + + + 
Control  + 
+Presence of hemoagglutination, -Absence of hemoagglutination 
 

Further, nano conjugate mediated stress on the immune 
system was studied by lectin expression studies. Our 
results showed that lectin was expressed in S. litura 
when it was exposed to AgNps-FM, AgNp and fungal 
metabolites which was determined by formation of 
hemoagglutination at different time periods Lectin 
profile adopting hemoagglutination (HA) assay 
indicates that maximum dosages of nano conjugate 
recorded delayed HA and 0.01 g/L resulted in faster 
lectin formation. Free fungal metabolites, free silver 
nanoparticles at all the dosages showed HA at different 
time interval (Table 2). Recent reports reveals  
the potential application of silver nanoparticles32. Fungal 
based biocontrol agents and their role in agriculture  
has also extensively reported33. Incorporation of 

nanotechnology principles in fungal biocontrol agents is 
a novel strategy to enhance the biocontrol potential. 
 
Conclusion 

Nanotechnology principles in agriculture sector is 
now being extensively utilized as pest control agent, 
smart or controlled nutrient delivery agent, plant 
pathogens or disease detection sensors which are 
recolonized the agriculture. impact of the nanoconjugate 
prepared from biogenic silver nanoparticles-fungal  
based insecticidal metabolites (AgNps-FM) on the gut 
microbion and immune response against major 
lepidopteron pest Spodoptera litura (Fab.) was studied. 
These observations would suggest the possible utilization 
of silver nanoparticles loaded fungal metabolites as an 
effective pesticidal agent associated with economic 
important crops. Further study under field trail will be 
helpful to formulate and develop AgNp-FM as a green 
pesticide against Spodoptera litura. 
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