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Insects are the most adaptable creatures found all over the world. They affect both the quality and quantity of many crops.
The plant contains various secondary metabolites that can hamper insect molting, metamorphosis, growth and development.
Cassia fistula is a rich source of amino acids, carbohydrates, fatty acids, flavonoids, proanthocyanidins, and polyphenols, which
possess antimicrobial and anti-inflammatory activities. Also, the antifeedant, larvicidal, ovicidal, nymphicidal, and adulticidal
properties of these phytocomponents have been documented. Nanoformulations based on plant decoction can act as potent
insecticidal agents against insects. Silver nanoparticles (AgNPs) synthesised from C. fistula fruit pulp extract drastically
affected the midgut wall of insects and altered their growth and reproduction, ultimately leading to insect death. The potentials
of botanicals, C. fistula, and nano-formulations of plant extracts were explored in Insect pest management.
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Introduction

Insects constitute the most common animal group
found almost everywhere on the earth. Almost 5.5
million insect species have been identified, and it is
expected that approximately 10 million species need
to be described'”. The insects pose serious challenges
to humans as they cause significant damage to
agricultural products and spread many human and
livestock diseases’. More than 9000 species of insects
and mites have been reported to harm crops globally®.
A report estimated that 20 to 40 per cent of global
crop production loss is due to insect pests’. Crop loss
includes both a reduction in quantity and quality®.
Besides direct losses, insect pests also cause indirect
losses by contaminating agricultural products with
body parts, exoskeletons, eggs, faeces, etc. Moths
such as cutworms, armyworms, earworms, and borers
are the most common groups of crop-damaging
insects. This is followed by beetles (rootworms,
wireworms, grubs, grain borers) and weevils; sap-
sucking bugs are another important group of insects
causing damage to agricultural crops’. Many insects
also affect human health directly or indirectly. They
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can bite, sting, parasitise, cause allergic reactions, and
spread several vector-borne diseases to humans.

The use of chemical insecticides is the most prevalent
method of insect control worldwide. It mainly includes
four groups of chemical insecticides: organochlorines,
organophosphates,  carbamates and  pyrethroids.
Organochlorine insecticides such as DDT and chlordane
are now banned for agricultural use due to their
persistence, bioaccumulation and biomagnifications,
environment contamination and development of
resistance mechanisms in insect pests. Organophosphate
and carbamate seriously affect insects' nervous system;
they disrupt the level of acetylcholinesterase (AChE)
enzyme and block the action of the acetylcholine,
resulting in its accumulation at synapses and
neuromuscular  junction. The agglomeration of
acetylcholine results in overexpression of muscarinic
and nicotinic acetylcholine receptors that causes various
effects on humans such as salivation, lacrimation,
urination,  diarrhoea, miosis  tremors, muscle
fasciculation, and convulsions. Organophosphates and
carbamates also alter the learning and memory of the
brain by different mechanisms’'*. Pyrethroids are also
toxic to animals and humans“'’. The toxic effects
include neurotoxicity, skin contact toxicity, respiratory
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toxicity and reproductive system toxicity'®".

The chemical pesticides used in insect control, in
general, are not safe as they cause environmental
contamination, bioaccumulation, biomagnification,
threat to non-target organisms and beneficial insects,
serious human health problems, and pest resistance and
resurgence. Agriculture workers almost live in direct
contact with chemical pesticides in open fields and
greenhouses that can cause various skin diseases,
endocrine disruption, and other health hazards. The
general population gets pesticide residues contained in
food and drinking water, which adversely affects their
health. The effects of insecticides on human health are
immense, depending on the chemical toxicity and
length and magnitude of exposure. Chemical pesticides
contaminate water, soil, and air by leaching, runoff,
and spray drift. More than 98% of sprayed insecticides
reach a destination other than their target species™.
Runoff carries insecticides into aquatic environments
while the wind carries them to other fields, grazing
areas, and human settlements, potentially affecting
non-target species such as fishes, birds, honey bees and
other beneficial insects. Insecticides also cause harmful
effects on plants, such as poor root hair development,
shoot yellowing, and reduced plant growth; they
interfere with the process of nitrogen fixation. Repeated
and indiscriminate use of insecticide also resulted in
the development of resistance in pest species™.
Therefore, an environment-friendly, sustainable and
cost-effective strategy is needed for insect control.

Integrated pest management (IPM) is an holistic
approach to pest management that involves the
utilisation of multiple techniques and methods of pest
control to maintain the pest populations below the
economic threshold level (EIL). IPM includes five
basic components: acceptable pest levels, preventive
cultural practices, monitoring, mechanical and
biological control, and appropriate use of pesticides®'.
The main aim of pest control under the concept of
integrated pest management is to achieve crop
production in a way that maximises crop output
without adversely affecting the environment and non-
target organisms. Pest control measures of IPM
include biological control, cultural control, plant
resistance, genetic modifications, use of pheromones,
growth regulators and other new environment-friendly
and sustainable methods.

Use of botanicals in insect control
Plants have developed a variety of structural and

chemical defence mechanisms against insect attacks™.
The chemical defence mechanisms include a variety
of secondary metabolites and proteins that adversely
affect insect growth, development, metabolism and
reproduction®.

A variety of phytochemicals present in the plants
are responsible for feeding deterrence to insects.
Arivoli et al** studied the antifeedant activity of
25 different plant extracts against the third instar
larvae of Spodoptera litura and reported the highest
antifeedant activity in ethyl acetate extract of
Strychnos nux-vomica, Vitex negundo, Murraya
koenigii, Zanthoxylum  limonella and  Abrus
precatorius. Similarly, the larvae of the Colorado
potato beetle, Leptinotarsa decemlineata showed
antifeedant activity against the plant extracts of
Angelica archangelica, Grindelia camporum and
Inula auriculata. Leatemia et al® reported the
antifeedant activity of seed extract of Annona
squamosa in a leaf disc choice assay against Plutella
xylostella L. and Trichoplusia ni (Hiibner) and found
that crude extract inhibited the feeding of fourth-instar
larvae. Ragesh ef al.*® observed antifeedant activity of
crude hexane extract of Ageratum conyzoides against
fifth instar larvae of Helicoverpa armigera.

Many of the plant products possess growth
inhibitory and growth disruptor activities. Boussaada
et al*’ reported growth inhibitory activities in the
methanol extract of Mantisalca duriaei and petroleum
ether, chloroformic and methanolic extracts of
Rhaponticum acaule against Tribolium castaneum.
Similarly, Saxena et al.”® studied the effect of five
plant extracts viz. Eichhornia crassipe, A. conyzoides,
Cleome icosandra, Tagetes erectes and Tridax
procumbens on fourth instar larvae and adult female
mosquito Culex quinquefasciatus and reported
inhibition of growth in the treated larvae. These plant
extracts also showed juvenile hormone-mimicking
activity in the larvae. Some changes like defective egg
rafts, larval-pupal intermediates, demalanised pupae,
and adults with deformed flight muscles were
observed after treatment®. Leaf extract of Glycosmis
pentaphylla was found to be responsible for increased
larval duration, mortality and development anomalies
in the larvae of C. quinquefasciatus, An. stephensi and
Ae. aegypti®’. Leaf extract of
G. pentaphylla resulted in a decrease in weight gain
and metamorphosis in treated castor semilooper,
Achaea janata™. Treatment of sixth instar larvae and
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freshly moulted pupae of S. litura with the root
extract of Ashwagandha, Withania somnifera caused
morphological and developmental anomalies like
ecdysial failure, formation of larval-pupal and pupal-
adult intermediates, abnormal pupae and adultoids.
The extract was more toxic to the pupae than the
larvae of S. litura®'. Azadirachtin, an insect growth
regulator derived from Azadirachta indica inhibited
oviposition in the mature females of Locusta
migratoria. Radioimmunoassay results revealed that
only traces of ecdysteroids were present in the ovary
of treated adults®”. Leaf ethanolic extracts of Petiveria
alliaceae and Trichilia arborea were reported to
possess the highest toxicity against eggs and nymphs
of Bemisia tabaci™.

Annona muricata extract caused mortality in the
nymphs of potato psyllid, Bactericera cockerelli*.
Chinaberry, geranium, onion and garlic plant extracts
showed the highest toxicity against the second-instar
larvae of Tuta absoluta™. Bioinsecticidal effects of
methanol extracts of seven different plants such as
Centaurium erythraea, Peganum harmala, Ajuga iva,
Aristolochia  baetica, Pteridium  aquilinum and
Raphanus raphanistrum extracts were studied against
the T. castaneum. Plant extract of C. erythraeca was more
toxic than that of P. harmala. L. arborescens,
P. aquilinum and A. iva extracts shortened the larval
period while they extended the period with R.
raphanistrum and P. harmala extracts. Treated larvae
showed a decrease in the activity of enzyme o-amylase
as compared to control®®. A study showed that Artemisia
annua extract showed detrimental effects on the
digestive enzymatic profiles of Eurygaster integriceps.
Treated adults showed a reduction in the activities of
digestive enzymes such as o-amylase, a- and
B-glucosidases, protease and lipase®’.

Biochemical constituents of Cassia fistula

Cassia fistula L. (Family: Fabaceae), commonly
called Indian Laburnum or Golden shower tree, is an
ornamental tree of forests and parks. It contains various
types of secondary metabolites with medicinal
properties™. The different parts of C. fistula contain a
variety of phytochemicals that possess various
pharmacological properties. Besides its therapeutic
uses, C. fistula extract can be used as a good pest
control agent in India. It has shown activities like
antifeedant, ovicidal, larvicidal, pupicidal and
adulticidal against many insects™.

A variety of primary and secondary metabolites have

been reported in different plant parts of C. fistula
(Table 1). It contains free amino acids such as
phenylalanine, methionine, glutamic acid and proline,
oxalic acids, tannins, flavonoids, proanthocyanidins,
polyphenols, linoleic acid, oleic acid, stearic acid,
oxyanthraquinones, anthraquinones derivatives, essential
oils and terpenoids; these chemicals contribute to
antimicrobial, anti-inflammatory, antifungal, antitumor,
antioxidant, and insecticidal properties®™. Chemical
structures of phytochemicals present in different parts of
Cassia fistula are summarised in Fig. 1. C. fistula is
reported to have rhein glycosides, fistulic acids,
sennosides A, and B, flavanoid-3-ol derivatives, ceryl
alcohol, kaempferol, bianthraquinone glycosides,
fistulin, volatile components, phytol, 2-hexadecanone,
crystals and 4-hydroxy benzoic acids hydrate™'.
Proanthocyanidins are abundantly present in the leaves,
flowers and pods, while phenolic compounds are present
in the leaves”; sennosides B, oxalic acids, tannins,
oxyanthraquinones, and anthraquinones are present in
both the leaves and the fruits of C fistula®.
Anthraquinone derivative compounds such as emodin
showed the highest insecticidal activity against
Nilaparvata lugens followed by chrysophanol, physcion,
rhein and aloe-emodin. Larvicidal activity of emodin has
also been reported against the fourth instar larvae of A.
aegypti, Aedes togoi and Culex pipiens pallens™.
Further, emodin also caused the change in the level
of acetylcholinesterase (AChE) and glutathione
S-transferases (GST) against N. lugens and Mythimna
separata. Polyphenolic compounds and tannins were
reported to inhibit the activity of detoxifying enzymes
like glutathione S-transferases (GSTs), cytochrome
P450 monooxygenase (CYP450), carboxylesterase
(CarE), and acetylcholinesterase (AChE) against the
fourth instar larvae of Hyphantria cunea in a
concentration-dependent manner. Mycotoxins, kojic
acid and oxalic acid, affected the biological fitness of
Lygus hesperus and showed detrimental effects on its
growth and development®. Various other secondary
metabolites, such as hextriacontanoic, triacontanoic,
nonacosanoic and heptacosanoic acids, were reported in
the cuticular wax of leaves”. Fruit of C. fistula
possessed ceryl alcohol, kaempferol, rhein and
bianthraquinone glycoside, fistulin, beta-sitosterol,
triacontane, nonatetracontanone, 2-hentriacontanone®.
Hentriacontane and triacontane exhibited larvicidal
activity against Spodoptera frugiperda, Tenebrio molitor
and Drosophila melanogaster'’. Some of the essential
oils present in the leaves include eugenol, phytol,
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Table 1 — Phytoconstituents present in C. fistula

S.No. Chemical nature of Plant Chemical present
Compound Part
1 Polyphenol Stem Flavonol
Leaves Tannin
Flower Kaempferol
Quercitin
2 Phenol Stem Xanthone
Pod Catechins
3 Benzopyran Seed Coumarin
Chromone
4 Anthraquinone Seed Emodin
Pod Rhein
Leaves Physcion
Fruit Anthraquinone
5  Terpene Leaves Camphor
Limonene
Linalool
Root Betulinic acid
6  Alkane Pod 2- hentriacontanone
Fruit Triacontane
7  Sterol Fruit Beta-sitosterol
Root Stigmasterol
8  Fatty acid Seed Linoleic acid
Oleic acid
9  Carboxylic acids Leaves Oxalic acids
10 Alkyl benzene Leaves Eugenol
11 Benzyl alcohol Leaves Salicyl alcohol
12 Phenolic aldehyde Seed Isovanillic acid
13 Fatty alcohol Stem Hexacosanol

Molecular Biological activity References
formula
CisH 003  Insecticidal, Growth and 78,80
development inhibitor
C76H52046 Growth inhibitor 123
Affects the activity of
detoxification and
acetylcholinesterase enzyme
CisH0O¢  Insecticidal 80,86
Growth and development inhibitor
Affects ecdysteroid titer
CsH190;  Growth disrupter and 78,82
development suppressor
Affects the activity of antioxidant
and detoxifying enzymes in insects
C3HgO, Growth inhibitor and Larvicidal 57
CisHi40¢  Growth inhibitor 57
CoHgO, Growth and development 124,125
inhibitor Aphicidal
CoH4O, Antifeedant 126
CysH19Os  Larvicidal 44
C,5HgOq Antifeedant and larvicidal 64
CisH;0s  Insecticidal and antifungal 127,128
Tyrosinase enzyme inhibitor
C4HgO, Insecticidal and larvicidal 127,129
CIOHIGO Larvicidal 49
CioHis Insecticidal, repellent 130-132
Antimicrobial
CoH;50 Oviposition deterrant 50,51
Insecticidal Antimicrobial
C30H430;  Growth inhibitor and development 55
suppressor
C3,Hg,O Involved in the accurate and quick 133
identification of mate-specific
partners in mosquito
C30Hgo Insecticidal Molting disruption 47
and growth inhibitor
CyoH;500 Larvicidal and pupicidal 52
Affects the activity of midgut
enzymes
CyoHys0 Insecticidal, Repellant 88
Acetylcholinesterase inhibitor
C;3H3,0, Larvicidal and insecticidal 79
CsH340,  Insecticidal 134
C,H,0, Detrimental effects on the 45
biological fitness of insects
C,oH,0, Insecticidal 135
C,H;30, Insecticidal 136
CgHgO, Insecticidal and Fungicidal 137
Cy6Hs40 Acetylcholinesterase inhibitor 88

camphor, limonene, salicyl alcohol, and linalool®.
Camphor, an essential oil, exhibited larvicidal activity
against the third instar larvae of Lucilia sericata.

Scanning electron microscopy results indicated that

treated larvae showed cuticular inflammation and
contortion®. Linalool showed oviposition-deterrent and
repellent properties against Ceratitis capitata™".

Eugenol, isoeugenol and methyl eugenol affected the
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Fig. 1 — Chemical structures of phytocomponents present in different parts of Cassia fistula (Source: PubChem).

growth rate and food consumption activity of the adults
and larvae of Sitophilus zeamais and T. castaneum also
showed contact toxicity. Polyphenols like quercitin were
abundantly present in the flower of this plant”. A
combined treatment of flavonoid compound quercetin
and nuclear polyhedrosis virus of Bombyx mori
(BmNPV) was reported to have synergistic effects on
the growth and development of silkworm B. mori. The

activities of some detoxifying enzymes such as

glutathione  S-transferase (GST), carboxylesterase
(CarE), acetylcholinesterase (AChE), and
malondialdehyde (MDA) and antioxidant enzymes
including superoxide dismutase (SOD), catalase (CAT),
peroxidase (POD) were significantly changed in treated
larvae of B. mori that increased reactive oxygen species.
Flowers also contain aurantiamide acetate, -sitosterol
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and its B-D-glucoside™. In a study, it was shown that -
sitosterol affected the growth and development of larvae
of H. armigera. A significant decrease in the activities of
midgut enzymes like alanine aminotransaminase (ALT),
aspartate aminotransaminase (AST) and alkaline
phosphatase (ALP) was also observed”. Roots of
C. fistula have B-sitosterol, stigmasterol. [B-sitosterol-
3-O-B-glucopyanoside,  lupeol,  betulinic  acid,
fistucacidin®®, and rhamnetin 3-O-gentiobioside™. It
was reported that betulinic acid, a terpenoid compound,
affects the growth and development of larvae and pupae
of S. litura, resulting in the formation of larval-pupal and
pupal-adult intermediates™. In stem bark, polyphenolic
compounds like anthraquinones, proanthocyanidin,
xanthones, alkaloids and flavonols are abundantly
present™®*. Xanthone derivative compound a-mangostin
was shown to possess potent larvicidal activity against
the larvaec and adults of the Colorado potato beetle,
L. decemlineata’. Various types of essential oils are
present in the flower extract, like (E)-nerolidol and
2-hexadecane®®****. Major fatty acids found in the seeds
of C. fistula are linoleic acid, oleic acid, stearic acid and
palmitic acid; caprylic acid and myristic acid are in
minor amounts®. The various types of compounds like
triterpene, lupeol; emodin, physcion, citreorosein, rhein,
ziganein, coumarins, scopoletin, chromones, isovanillic
acid and vanillic acid are present in the aril of seeds of
C. fistula. Other compounds of seeds are galacto-
mannas”’, globulin, albumins, cephalins and lecithins®.
The root bark contains four main compounds tannin,
phlobaphenes, oxyanthraquinone, and flovefin. Pods
have other types of compounds such as catechins,
arabinopyranoside, S-nonatetracontanone, 2-
hentriacontanone, barbaloin, formic acid, butyric acid,
oxalic acid, B—sitosterol43, sennidin, aloin, emodin, aloe-
emodin, physcion, sennosides A & B, rhamnetin 3-O-
gentiobioside and chrysophanic acid. Fruit pulp has
anthraquinone,  glucose, alkaloids, pectin and
calcium™*. Palmitic acid is present in root bark®.
Heartwood of C. fistula is reported to have an optically
inactive compound leucoanthocyanidin- 5, 4’ -
dihydroxyflavan-3, 4-diol, 3, 4, 7, 8§, 4
pentahydroxyflavan and fistucacidin®®®"%.

Impact of C. fistula on insect bioactivities

Antifeedant activity

Antifeedants are natural or synthetic substances that
stop or inhibit insect feeding. Extracts of C. fistula have
been shown to possess antifeedant activity against a

variety of insects. Arivoli ef al.*’ reported the antifeedant
and feeding deterrence activity of hexane extract of
C. fistula against S. litura. Similarly, its flower extract
showed antifeedant activity against S. [litura and
H. armigera® In another investigation, the antifeedant
activity and toxicity potential of ethyl acetate, hexane,
chloroform and methanol extracts were evaluated
against the fourth instar larvae of S. litura It was
observed that the methanol extract showed excellent
antifeedant and toxicant activity against the larvae of
S. litura, with an antifeedant index of 73.2%. Leaf
extract of C. fistula had shown antifeedant activity in
Sitophilus granarius in a dose-dependent manner®.

Ovicidal, larvicidal, pupicidal, and adulticidal activities

Larvicidal and ovicidal activity of C. fistula
methanolic leaf extract has been reported against the C.
quinquefasciatus and A. stephensi®. Crude flower
extract showed potent larvicidal effects against the Culex
tritaeniorhynchus, Ae. albopictus and A. subpictus®’.
Similarly, Abutaha et al®® reported potent ovicidal
activity of hexane-methanol soluble fraction (HMSF)
and larvicidal activity in chloroform-methanol soluble
fraction (CMSF) of the fruit against C. pipiens. Hexane-
methanol soluble fraction had high pupicidal activity
and adulticidal activity®. Also, the extract caused 100%
mortality in the third larval instar of C. quinquefasciatus
within 72 hours of treatment®. Leaf extract was reported
to have adulticidal activity against A. stephensi”. In
Dysdercus koenigii, the hatching success of eggs treated
with C. fistula leaf extract decreased with the increasing
concentration of the extract’. The methanolic bark
extract also inhibited the metamorphosis in D. koenigii
and affected reproduction adversely’”. The seed extract
showed potent ovicidal activity against the rice moth
Corcyra cephalonica’, and the leaf extract hindered the
oviposition process in Callosobruchus maculatus’™.
Treatment of S. frugiperda with hexane and ethanol
extract of seeds of C. fistula resulted in a reduction in
pupation, oviposition, hatchability and increased
sterility”.

C. fistula extract contains flavonoids such as
chlorogenic acid, quercetin and rutin. These
flavonoids have been reported to affect the survival
and growth of many lepidopteran pests, such as
H. armigera and S. litura. Consequently, the larval
period of H. armigera larvae treated with rutin
increased’®. Chlorogenic acid and quercetin-treated
H. armigera moth failed to reproduce. In S. litura,
rutin reduced larval growth and development and
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produced malformed adults™. Two trypsin inhibitors,
CFTI-1 and CFTI-2, were reported and isolated from
the seeds of the C. fistula; in H. armigera, these
trypsin inhibitors inhibited the activity of midgut
trypsin-like proteases. It was also reported that CFTI-
1 was responsible for decreasing the larval weight,
fecundity and fertility of moths in a dose-dependent
manner’ . Quercitin, a flavonoid reported in C. fistula,
had an impact on the growth and development of
larvae of S. litura. Significant changes were observed
in different parameters of growth and development of
treated insects, such as pupal weight, survival rate,
fecundity, egg hatchability, and population growth
index. Also, different cell organelles were
degenerated, as reflected by histological studies’.
Toxicity bioassay of linoleic acid against the larvae of
S. littoralis indicated its potent toxicity against the
larval instars; the larval body weight was also
decreased”. The larvae of gypsy moth, Lymantria
dispars, when feeding on low concentrations of
emodin showed a prolonged development period;
high concentration of emodin induced mortality
within 2-3 days.

There are reports that showed that wvarious
flavonoids (rutin, chlorogenic acid, quinic acid, caffeic
acid, naringenin, quercitin, kaempferol, myricetin,
catechin, and ferulic acid), lectins (groundnut leaf
lectin, concavalin A) and phenyl B-D-glucoside affect
survival, growth, and the activities of some digestive
and detoxifying enzymes of the larva of S. litura™. A
significant reduction in the activities of some enzymes,
such as serine protease, trypsin and esterase, was
observed in flavonoid-treated larvae. Larval growth
and development were drastically affected in S. litura
larvae fed on a diet containing groundnut leaf lectin,
concavalin A¥. In a study conducted on pea aphid,
Acyrthosiphon pisum, the results showed that quercitin-
fed larvae had increased development time, pre-
reproductive period and mortality and decreased
fecundity®. Although the probing and feeding
behaviour of adult apterae was observed, salivation and
passive fluid ingestion were completely stopped after
treatment with higher concentrations of quercitin®'.
Quercitin-fed insects showed significant changes in the
activities of some enzymes, such as superoxide
dismutase, catalase, peroxidase, carboxylesterase, and
glutathione ~S-transferase in B. mori®’. Long-term
exposure to quercitin also suppresses the expression of
immune-related genes that drastically affect the growth

and development of silkworms*. Another finding
revealed that quercitin significantly changed the
activity of carboxylesterase (CarE) and glutathione
S-transferase(GST) enzymes in tobacco white fly
B. tabaci®. Polyphenolic compounds modulate
endogenous signal transduction pathways, interfering
with the biosynthesis, secretion, transport, and
metabolism of reproduction-linked  hormones®*.
Reduced secretion of regulatory hormones reduced
ovarioles growth, which resulted in low egg output in
mosquitoes®. Effects of sublethal concentrations of
proanthocyanidins were studied in the malarial vector
A. gambiae, and results demonstrated that the
proanthocyanidins  decreased the growth and
development of the mosquito and affected its
reproductive fitness. Proanthocyanidins decrease the
process of JH biosynthesis and detoxifying enzymes in
treated larvae of A. gambiae, resulting in impaired
metamorphosis, a reduction in JH levels, and a delayed
development period. Proanthocyanidins tend to
generate highly reactive free radicals due to their
instability in the high pH of insect midguts, which
generates  oxidative stress™. Kaempferol affects
ecdysteroid titer in the ovaries, hemolymph, and oocyte
size in H. armigera. Feeding on food containing
kaempferol caused a decrease in tachykinin-4 (a
neuropeptide) level of the brain and hemolymph that
led to decreased ecdysteroid titer in the ovary and
hemolymph. Finally, the decrease in ecdysteroid titer
resulted in a smaller oocyte®™. Among the multiple
approaches, protease inhibitors can act as potent
biopesticides for controlling pest species. Sublethal
doses of essential oils present in C. fistula were tested
against the termite Odontotermes feae. The result
showed that essential oils were toxic and caused a
decrease in the glutathione S-transferase(GST) enzyme
activity in treated termites®’. Toxicity bioassay also
revealed that flavonoids, quercetin dehydrate, rutin
hydrate and naringine present in the C. fistula induced
mortality in Eriosoma lanigerum. The stigmasterol and
1-hexacosanol (Fig. 1) derived from Chromolaena
odorata plant resulted inhibition of the activity of
acetylcholinesterase enzyme in larvae, which caused
mortality in the larva of C. quinquefasciatus, A. aegypti
and Chironomus riparius” .

Nanoformulations in insect management
In the recent past, there has been considerable
research interest in the area of controlling insect pests
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by using nanoparticles’’. Nanoparticles can be
synthesized by a single-step green synthesis process
in which secondary metabolites present in plant
extracts can be used to reduce metal ions of
nanoparticles. Different types of reducing agents
involved in the process are alkaloids, phenolic
compounds, terpenoids and co-enzymes. The process
is quick, environmentally amiable, and can easily be
conducted at room temperature and under pressure.
By the biogenic reduction method, large quantities of
nanoparticles with well-defined sizes and morphology
can be synthesized”’. Different plant extracts have a
variety of reducing and stabilizing agents that can
influence the characteristics of the nanoparticles’.
Typically, this process involves mixing the aqueous
extract with an aqueous solution of the relevant metal
salt. A variety of plant extracts have been used
successfully to make nanoparticles. Nanoparticles can
be synthesized using various elements like copper,
zinc, titanium, magnesium, gold, and silver; silver
nanoparticles have more promising results against
bacteria, viruses and other microorganisms’*®.
Nanoparticles can be synthesized by ‘Top-down’ and
‘Bottom-up’ approaches’. In the top-down approach,
the bulk material is reduced to a smaller size by
various physical and chemical actions, while in the
bottom-up approach, nanoparticles are synthesized
with the help of aggregation of small atoms®. Plant-
mediated nanoparticles have advantages as they are
cheap to make, less toxic and have wider application
against various microorganisms and insects’.

Characterization of nanoparticles

Nanoparticles are characterized using various
techniques such as UV-visible spectrophotometry,
dynamic light scattering (DLS), scanning electron
microscopy (SEM), transmission electron microscopy
(TEM), Fourier transform infrared spectroscopy (FTIR),
powder X-ray diffraction (XRD) and energy dispersive
spectroscopy (EDS)””. Surface charge and the size
distribution of the particles present in liquid are
identified by dynamic light scattering (DLS)"".
Morphological characterization of nanoparticles can be
done by scanning electron microscopy and transmission
electron microscopy'”'. FTIR spectroscopy can detect
the surface chemistry of synthesized nanoparticles like
attached functional groups and chemical residues on the
surface of nanoparticles'”. XRD is involved in the
identification of the crystal structure of the

nanoparticles'®. Another technique used to characterize
the nanoparticles is energy dispersive spectroscopy
(EDS), which can be used to detect the elemental

o 104
composition of nanoparticles .

Insecticidal activity nanoparticles against insect
pests

Several research studies have been conducted to
detect the toxicity of nanoparticles against a wide
number of insect pests and vectors. AgNPs synthesised
from the leaf extract of Nelumbo nucifera. showed
tremendous larvicidal activity against the third
instar larvae of mosquito A. subpictus and
C. quinquefasciatus'”. Toxicity bioassay of AgNPs
synthesised from the leaf extract of A. squamosa against
A. aegypti and A. stephensi showed 70 to 100%
mortality of larvae'®. Silver nanoparticles synthesised
from the C. fistula fruit pulp inhibited the growth
of I-IV instar larvae and pupae of 4. albopictus and
C. pipiens pallens'’. AgNPs synthesised using leaf
extract of Azadirachta indica showed potent larvicidal
activity against C. quinquefasciatus'®. Exposure of

D. melanogaster to sublethal doses of silver
nanoparticles showed detrimental effects on its
development'®.  Carbon-dot  silver  nanohybrid

synthesised using potatoes, Solanum tuberosum showed
tremendous larvicidal and pupicidal activity against
A. stephensi and C. quinquefasciatus'®. Zinc oxide
nanoparticles formed using the leaf extract of Lobelia
leschenaultiana showed deleterious effects on the third
instar larvae of A. aegypti that led to shrinkage in the
abdominal region, change in the shape of the thorax,
damage to the midgut, and loss of lateral hairs, anal
gills and brushes of treated larvae'''. Silver and zinc
nanoparticles fabricated using Moringa oleifera leaf
extract showed larvicidal and pupicidal toxicity against
Musca domestica. Toxicity bioassay also revealed a
significant reduction in the egg hatchability and
fecundity of females'"”.
Mechanism of action of nanoparticles against
insect larvae

The mechanism of action of nanoparticles against
insects is summarised in Fig. 2. The precise
mechanism of action of nanoparticles against insects
is not fully understood. AgNP-treated larvae also
showed morphological changes like depigmentation,
necrosis, and disintegration of muscle layers'>'".
Nanoparticles also affect the growth and development
of many insect pests. SiO, and Al,O; nanoparticles
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Fig. 2 — The mechanism of action of nanoparticles against insects.

bind with the insect cuticle, resulting in the physico-
sorption of waxes and lipids, leading to insect
dehydration.

AgNPs synthesised from plant extract have been
reported to drastically affect the midgut wall of insects.
AgNPs synthesised using C. fistula resulted in the
formation of multiple lesions in the midgut epithelium
of insects, degradation of the gut membrane and
broken brush border'”’. Similarly, silver nanoparticles
synthesised from the extract of Hedychium coronarium
rhizome caused damage to midgut epithelial cells and
vesicles of the fourth instar larvae of 4. aegypti''®. In a
study, silver nanoparticles synthesised using the Punica
granatum peel extract were reported to decrease the
activities of enzymes such as amylase, protease, lipase,
and invertase in the third instar larvae of S. litura'"’.
Also, gold nanoparticles synthesised from the latex of
Jatropha curcas inhibited the activity of trypsin enzyme
in A. aegypti, as well as beetle and mealy bugs'™.
Trypsin inhibitory activity of gold nanoparticles affected
insect development and reproduction'”. Yasur er al.'®
reported that silver nanoparticles increased oxidative
stress and some antioxidant enzymes in the larvae of
S. litura and A. janata. Further, AgNPs-treated mosquito
larvae showed a decrease in the activity of superoxide
dismutase and  tyrosinase  enzymes'®'?"'?  In
Drosophila, silver nanoparticles increase the production
of reactive oxygen species in the fly tissues, leading
to the initiation of apoptosis, DNA damage, and
autophagy'”. Both silver and graphene oxide
nanoparticles increase the oxidative stress in the treated
insects, which leads to cell death'". Cytochrome P450
enzyme is inhibited by polystyrene nanoparticles'”’. In

M. domestica, the larvae treated with silver and zinc
nanoparticles fabricated using M. oleifera leaf extract
showed a reduction in the activities of enzymes such
as esterases, acetylcholinesterase, and glutathione
S-transferase''”.  Also, AgNP fabricated using
C. fistula showed a reduction in the activities of
acetylcholinesterase and carboxylesterase and protein
content in A. albopictus and C. pipiens pallens"’.
Conclusion

Plants have different types of metabolites that can
affect insect growth and development. C. fistula is an
abundant source of carbohydrates, fatty acids,
flavonoids, tannins, oxalic acids, anthraquinones, etc.
Larvicidal activities of different plant parts of
C. fistula have been reported in many species of
lepidopteran, dipteran, hemipteran, and coleopteran
pests. Nanoparticles synthesized from different plant
extracts can act as a novel approach for controlling
different insect pests. Silver nanoparticles (AgNPs)
synthesized from C. fistula fruit pulp extract
drastically affected the midgut wall of an insect and
altered its growth and reproduction. Thus, AgNPs
synthesized using plant extracts can be explored as
novel molecules for insect pest management in future.
The present review summarises the phytochemical
investigation and biological activities of C. fistula and
its importance in ‘Insect Pest Management’.

Conflict of interest
The authors declare that they have no conflict of

interest.

References



10

11

12

13

14

15

16

SAINI & GUPTA: BIOEFFICACY OF BOTANICALS AND NANOFORMULATIONS AGAINST INSECTS

Stork N E, How many species of insects and other
terrestrial arthropods are there on earth?, Annu Rev
Entomol, 2018, 63, 31-45, doi: 10.1146/annurev-ento-
020117-043348.

Garcia-Lara S and Saldivar S O S, Insect Pests, Encycl Food
Heal, 2015, 432-436.

Oerke E C, Crop losses to pests, J Agric Sci, 2006, 144,
31-43, doi: 10.1017/S0021859605005708.

Pimentel D, Herbivore population feeding pressure on plant
hosts: Feedback evolution and host conservation, JSTOR,
1983, 52, 289-302, doi: 10.2307/3565527.

Heeb L, Jenner E and Cock M J W, Climate-smart pest
management: Building resilience of farms and landscapes to
changing pest threats, J Pest Sci, 2019, 92(3), 951-969.
Zadoks J C and Schein R D, Epidemiology and plant disease
management, (University Press, New York), 1980.

Gupta R C, Rech R H, Lovell K D, Welsch F and Thornburg
J E, Brain cholinergic, behavioral and morphological
development in rats exposed in utero to methyl parathion,
Toxicol Appl Pharmacol, 1985, 77(3), 405-413, doi:
10.1016/0041-008X(85)90180-2.

Moser V C and Padilla S, Age and gender-related
differences in the time course of behavioral and biochemical
effects produced by oral chlorpyrifos in rats,
Toxicol App! Pharmacol, 1998, 149, 107-119, doi: 10.1006/
taap.1997.8354.

Eaton D L, Daroff R B and Autrup H, Review of the
toxicology of chlorpyrifos with an emphasis on human
exposure and neurodevelopment, Crit Rev Toxicol, 2008,
100, 1-125, doi: 10.1080/10408440802272158.

Bouchard M F, Chevrier J and Harley K G, Prenatal
exposure to organophosphate pesticides and IQ in 7-year old
children, Environ Health Perspect, 2011, 119, 1189-1195,
doi: 10.1289/ehp.1003185.

Chen X-P, Chen W Z, Wang F-S and Liu J-X, Selective
cognitive impairments are related to selective hippocampus and
prefrontal cortex deficits after prenatal chlorpyrifos exposure,
Brain Res, 2012, 1474, 19-28 doi: 10.1016/ j.brainres.
2012.07.036

Mishra D, Tiwari S K and Agarwal S, Prenatal carbofuran
exposure inhibits hippocampal neurogenesis and causes
learning and memory deficits in offspring, Toxicol Sci, 2012,
127, 84-100, doi: 10.1093/toxsci/kfs004.

Moretto A, Indoor spraying with the pyrethroid insecticide
lambda-cyhalothrin - effects on spraymen and inhabitants of
sprayed houses, Bull World Health Organ, 1991, 69,
591-594.

Zawiyah S, Man Y B C, Nazimah S A H, Chin C K,
Tsukamoto I, et al., Determination of organochlorine and
pyrethroid pesticides in fruit and vegetables using SAX/PSA
clean-up column, Food Chem, 2007, 102, 98-103, doi:
10.1016/j.foodchem.2006.05.003.

Lu DS, Qu X L, Feng C, Jin Y, Lin Y J, et al,
Simultaneous determination of 45 pesticides in fruit and
vegetable using an improved QUEChERS method and on-line
gel permeation chromatography-gas chromatography/mass
spectrometer, J Chromatogr B, 2012, 895, 17-24, doi:
10.1016/j.jchromb.2012.03.006.

Pauluhn J, Risk assessment of pyrethroids following indoor
use, Toxicol Lett, 1996, 88, 339-348, doi: 10.1016/0378-

17

18

19

20

21

22

23

24

25

26

27

28

29

30

269

4274(96)03759-9.

Soderlund D M, Clark J M, Sheets L P, Mullin L S, Piccirillo
V I, et al, Mechanisms of pyrethroid neurotoxicity:
Implications for cumulative risk assessment, Toxicology,
2002, 171, 3-59, doi: 10.1016/S0300-483X(01)00569-8.
Jurewicz J, Radwan M, Wielgomas B, Sobala W, Piskunowicz
M, et al., The effect of environmental exposure to pyrethroids
and DNA damage in human sperm, Syst Biol Reprod Med,
2015, 61, 3743, doi: 10.3109/19396368.2014.981886.

Li W W, Morgan M K, Graham S E and Starr J M,
Measurement of pyrethroids and their environmental
degradation products in fresh fruits and vegetables using a
modification of the quick easy cheap effective rugged safe
(QuEChERS), Method Talanta, 2016b, 151, 42-50, doi:
10.1016/j.talanta.2016.01.009.

Sharma D R, Thapa R B, Manandhar H K, Shrestha S M and
Pradhan S B, Use of pesticides in Nepal and impacts on
human health and environment, J Agric Environ, 2012, 13,
67-74.

Singh J K, Yadav K K and Kumar V, Integrated pest
management:  Conservation  practices for  agriculture
and environment, Int J Environ Rehab Conserv, 2017, 8(2),
17-28.

Chen X D, Ashfaqg M and Stelinski L L, Susceptibility of
Asian citrus psyllid, Diaphorina citri (Hemiptera: Liviidae),
to the insecticide afidopyropen: a new and potent modulator
of insect transient receptor potential channels, App! Entomol
Zool, 2018, 53(4), 453-461.

Vandenborre G, Van D E J and Smagghe G, Natural
products: Plant lectins as important tools in controlling pest
insects, In Biorational Control of Arthropod Pests,
(Springer), 2009, 163-187.

Arivoli S and Tennyson S, Antifeedant activity,
developmental indices and morphogenetic variations of plant
extracts against Spodoptera litura (Fab) (Lepidoptera:
Noctuidae), J Entomol Zool Stud, 2013, 1(4), 87-96.
Leatemia J A and Isman M B, Toxicity and antifeedant
activity of crude seed extracts of Amnona squamosa
(Annonaceae) against lepidopteran pests and natural
enemies, Int J Trop Insect Sci, 2004, 24, 150-158 .

Ragesh P R, Bhutia T N, Ganta S and Singh A K,
Repellent, antifeedant and toxic effects of Ageratum conyzoides
(Linnaeus) (Asteraceae) extract against Helicovepra armigera
(Hiibner) (Lepidoptera:  Noctuidae), Arch  Phytopathol
Plant Prot, 2016, 49(1-4), 19-30, doi: 10.1080/03235408.
2016.1147123.

Boussaada O, Kamel M B H, Ammar S, Haouas D, Mighri Z,
et al., Insecticidal activity of some Asteraceae plant extracts
against Tribolium confusum, Bull Insectology, 2008, 61(2),
283-289.

Saxena R C, Dixit O P and Sukumaran P, Laboratory
assessment of indigenous plant extracts for anti-juvenile
hormone activity in Culex quinquefasciatus, Indian J Med
Res, 1992, 95, 204-206.

Pushpalatha E and Muthukrishnan J, Larvicidal activity of a
few plant extracts against Culex quinquefasciatus and
Anopheles stephensi, Indian J Malariol, 1995, 32(1), 14-23.
Muthukrishnan J and Ananthagowri B, Botanical pesticides
and energetics in the control of the castor semilooper Achaea
janata Linnaeus (Noctuidae: Lepidoptera), Phytophaga



270

31

32

33

34

35

36

37

38

39

40

41

42

43

44

INDIAN J NAT PROD RESOUR, JUNE 2024

(Madras), 1994, 6(2), 127-131.

Gaur S K and Kumar K, Sensitivity of tobacco caterpillar,
Spodoptera litura, to extract from a medicinal plant,
Withania somnifera, Int J Veg Sci, 2020, 26(1), 62-78, doi:
10.1080/19315260.2019.1605556.

Rembold H and Sieber K P, Inhibition of oogenesis and
ovarian ecdysteroid synthesis by azadirachtin in Locusta
migratoria migratorioides (R.’F.), Zeitschrift fur Naturforsch
- Sect C J Biosci, 1981, 36(5-6), 466—469.

Cruz-Estrada A, Gamboa-Angulo M, Borges-Argaez R and
Ruiz-Sanchez E, Insecticidal effects of plant extracts on
immature whitefly Bemisia tabaci genn. (Hemiptera:
Aleyroideae), Electron J Biotechnol, 2013, 16(1), 1-10.
Flores-Davila M, Gonzalez-Villegas R, Guerrero-Rodriguez
E, Mendoza-Villarreal R, Cardenas-Elizondo A, et al.,
Insecticidal effect of plant extracts on Bactericera cockerelli
(Hemiptera: Psyllidac) nymphs, Southwest Entomol, 2011,
36(2), 137-144, doi: 10.3958/059.036.0203.

Ghanim N M and Abdel Ghani S B, Control of Tuta absoluta
(Lepidoptera: Gelechiidae) and Aphis gossypii (Hemiptera:
Aphididae) by some aqueous plant extracts, Life Sci J, 2014,
11(3), 299-307.

Jbilou R, Amri H, Bouayad N, Ghailani N, Ennabili A, et al.,
Insecticidal effects of extracts of seven plant species on
larval development, o-amylase activity and offspring
production of Tribolium castaneum (Herbst) (Insecta:
Coleoptera: Tenebrionidae), Bioresour Technol, 2008, 99(5),
959-964, doi: 10.1016/j.biortech.2007.03.017.

Zibaee A and Bandani A R, Effects of Artemisia annua L.
(Asteracea) on the digestive enzymatic profiles and the
cellular immune reactions of the Sunn pest, Eurygaster
integriceps (Heteroptera: Scutellaridae), against Beauveria
bassiana, Bull Entomol Res, 2010, 100(2), 185-196 doi:
10.1017/S0007485309990149.

Sharma A, Kumar A and Jaitak V, Pharmacological and
chemical potential of Cassia fistula L- a critical review,
J Herb Med, 2021, 26, 100407, doi: 10.1016/
j-hermed.2020.100407.

Danish M, Singh P, Mishra G, Srivastava S, Jha K K, et al.,
Cassia fistula Linn.(Amulthus)-An important medicinal
plant: A review of its traditional uses, phytochemistry and
pharmacological properties, J Nat Prod Plant Resour, 2011,
1(1), 101-118.

Thirumal M, Srimanthula S and Kishore G, Cassia fistula
Linn-Pharmacognostical, phytochemical and pharmacological
review, Crit Rev Pharm Sci, 2012, 1, 43-65.

Lee C-K, Lee P-H and Kuo Y-H, The chemical constituents
from the aril of Cassia fistula L, J Chin Chem Soc, 2001,
48(6A), 1053-1058, doi: 10.1002/jccs.200100154.
Siddhuraju P, Mohan P S and Becker K, Studies on the
antioxidant activity of Indian Laburnum (Cassia fistula L.):
A preliminary assessment of crude extracts from stem bark,
leaves, flowers and fruit pulp, Food Chem, 2002, 79(1),
61-67, doi: 10.1016/S0308-8146(02)00179-6.

Bhalerao S A and Kelkar T S, Traditional medicinal uses,
phytochemical profile and pharmacological activities of
Cassia fistula Linn, Int Res J Bio Sci Sept, 2012, 1(5),
2278-3202.

Yang Y C, Lim M Y and Lee H S, Emodin isolated from
Cassia obtusifolia (Leguminosae) seed shows larvicidal

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

activity against three mosquito species, J Agric Food Chem,
2003, 51(26), 7629-7631, doi: 10.1021/j£034727t.

Alverson J, Effects of mycotoxins, kojic acid and oxalic acid,
on biological fitness of Lygus hesperus (Heteroptera:
Miridae), J Invertebr Pathol, 2003, 83(1), 60—62.

Misra T N, Singh R S, Pandey H S and Singh B K, A new
diterpene from Cassia fistula pods, Fitoter Milano, 1997,
68(4), 375-376.

Cespedes C L, Molina S C, Muiioz E, Lamilla C, Alarcon J,
et al., The insecticidal, molting disruption and insect growth
inhibitory activity of extracts from Condalia microphylla
Cav.(Rhamnaceae), Ind Crops Prod, 2013, 2, 78-86, doi:
10.1016/j.indcrop.2012.05.002.

Satyal P, Dosoky N S, Poudel A and Setzer W N, Essential
oil constituents and their biological activities from the leaves
of Cassia fistula growing in Nepal, Open Access J Med
Aromat Plants, 2013, 3, 1-4.

Shalaby H A, El Khateeb R M, El Namaky A H,
Ashry H M, Kandil O M, et al., Larvicidal activity of camphor
and lavender oils against sheep blowfly, Lucilia sericata
(Diptera: Calliphoridae), J Parasit Dis, 2016, 40(4),
1475-1482.

Papanastasiou S A, Ioannou C S and Papadopoulos N T,
Oviposition-deterrent effect of linalool — a compound of
citrus essential oils — on female Mediterranean fruit flies,
Ceratitis capitata (Diptera: Tephritidae), Pest Manag Sci,
2020, 76(9), 3066-3077, doi: 10.1002/ps.5858.

Beier R C, Byrd II J A, Kubena L F, Hume M E,
McReynolds J L, er al, Evaluation of linalool, a natural
antimicrobial and insecticidal essential oil from basil: Effects
on poultry, Poult Sci, 2014, 93(2), 267-272, doi:
10.3382/ps.2013-03254.

Mishra M, Sharma A, Dagar V S and Kumar S, Effects of
B-sitosterol on growth, development and midgut enzymes of
Helicoverpa armigera Hiibner, Arch Biol Sci, 2020, 72(2),
271-278.

Dave H and Ledwani L, A review on anthraquinones isolated
from Cassia species and their applications, Indian J Nat Prod
Resour, 2012, 3,291-319.

Vaishnav M M and Gupta K R, Rhamnetin 3-O-
gentiobioside from Cassia fistula roots, Fitoterapia, 1996,
67(1), 78-79.

Badathu M, Lingampallt V and Kaur V, Effect of betulinic
acid on Spodoptera litura (Fab.) (Lepidoptera: Noctuidae),
Int J Sci Res (Ahmedabad), 2014, 8, 177-181.

Bahorun T, Luximon-Ramma A, Crozier A and Aruoma O I,
Total phenol, flavonoid, proanthocyanidin and vitamin C
levels and antioxidant activities of Mauritian vegetables, J
Sci Food Agric, 2004, 84(12), 1553-1561, doi:
10.1002/jsfa.1820.

Kim M S and Lan Q, Larvicidal activity of a-mangostin in
the colorado potato beetle, Leptinotarsa decemlineata, J
Pestic Sci, 2011, 36, 370-375, doi: 10.1584/jpestics.G11-09.
Tzakou O, Loukis A and Said A, Essential oil from
the flowers and leaves of Cassia fistula L, J Essent Oil Res,
2007, 19(4), 360-361, doi: 10.1080/10412905. 2007.
9699305.

Lal J and Gupta P C, Galactomannan from the seeds of
Cassia fistula, Planta Medica, 1972, 22(05), 71-77.

Jain N K, Jain S C and Jain R, Two new compounds and



61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

SAINI & GUPTA: BIOEFFICACY OF BOTANICALS AND NANOFORMULATIONS AGAINST INSECTS

other constituents from Cassia fistula root bark, Chem Nat
Compd, 2013, 49(2), 232-234.

Duraipandiyan V and Ignacimuthu S, Antibacterial and
antifungal activity of Cassia fistula L.: An ethnomedicinal
plant, J Ethnopharmacol, 2007, 112(3), 590-594, doi:
10.1016/j.jep.2007.04.008.

Padmanabha Rao T V and Venkateswarlu V, "Fistucacidin”
from the bark and heartwood of Cassia fistula Linn, Bull Nat
Ins Sci, 1965, 31, 28-33.

Arivoli S, Tennyson S and Christian C M, Antifeedant
activity of leaf extracts against Spodoptera litura Fabricius
1775 (Lepidoptera: Noctuidae) highlighting the mechanism
of action, London J Press, 2020, 20, 65-80.

Duraipandiyan V, Ignacimuthu S and Gabriel P M,
Antifeedant and larvicidal activities of Rhein isolated from
the flowers of Cassia fistula L, Saudi J Biol Sci, 2011, 18(2),
129-133, doi: 10.1016/j.sjbs.2010.12.009.

Raji P, Abila M G and Samrot A V, A study on the
antifeedant activity of Cassia fistula leaves, J Chem Pharm
Res, 2016, 8(6), 233-236.

Govindarajan M and Sivakumar R, Adulticidal and repellent
properties of indigenous plant extracts against Culex
quinquefasciatus and Aedes aegypti (Diptera: Culicidae),
Parasitol Res, 2012, 110(5), 1607—-1620.

Kovendan K, Murugan K and Vincent S, Evaluation of
larvicidal activity of Acalypha alnifolia Klein ex Willd.
(Euphorbiaceae) leaf extract against the malarial vector,
Anopheles stephensi, dengue vector, Aedes aegypti and
Bancroftian filariasis vector, Culex quinquefasciatus
(Diptera: Culicid ), Parasitol Res, 2012, 110(2), 571-581.
Abutaha N, Al-Mekhlafi F A and Farooq M, Target and
nontarget toxicity of Cassia fistula fruit extract against Culex
pipiens (Diptera: Culicidae), lung cells (BEAS-2B) and
zebrafish (Danio rerio) embryos, J Med Entomol, 2020, 57,
493-502, doi: 10.1093/jme/tjz174.

Ullah Z, Tjaz A, Mughal T K and Zia K, Larvicidal activity
of medicinal plant extracts against Culex quinquefasciatus
Say. (Culicidae, Diptera), Int J Mosq Res, 2018, 5(2), 47-51.
Mehmood S, Lateef M, Omer M O, Anjum A A, Rashid M I,
et al., Adulticidal and larvicidal activity of Cassia fistula and
Piper nigrum against malaria vector, Sci Int (Lahore), 2014,
26(1), 331-334.

Arora P and Dhiman S C, Studies on the effect of certain
plants extracts on the reproductive potential of Odontopus
nigricornis stal  (Heteroptera pyrrhocoridae): A pest
of Pterygota allata Roxb. (Sterculaceae), J Exp Zool, 2018,
21(2), 1059-1063.

Jaipal S, Singh Z and Chauhan R, Juvenile-hormone-like
activity in extracts of some common Indian plants, Indian J
Agric Sci, 1983, 53, 730-733.

Dwivedi S C and Yadav A, Ovicidal effect of 5 semiarid plant
seed extracts on the eggs of rice moth, Corcyra cephalonica
(Stainton), Asian J Exp Sci, 2006, 20(2), 327-330.

Raja N, Albert S and Ignacimuthu S, Effect of solvent
residues of Vitex negundo Linn. and Cassia fistula Linn. on
pulse beetle, Callosobruchus maculatus Fab. and its larval
parasitoid, Dinarmus vagabundus (Timberlake), Indian J Exp
Biol, 2000, 38, 290-292.

Ahmed A B, Sayed A E, Omaima K M, Amr F M and Mona
K E-H, Biological effect of Cassia Fistula (L.) seeds against

76

77

78

79

80

81

82

83

84

85

86

87

88

271

the cotton leafworm Spodoptera Littoralis (Boisd.) with
special reference to chemical constituents, Bull Ent Soc
Egypt Econ Ser, 2004, 30, 1-15.

Jadhav D R, Mallikarjuna N, Rathore A and Pokle D, Effect
of some flavonoids on survival and development of
Helicoverpa armigera (Hiibner) and Spodoptera litura (Fab)
(Lepidoptera: Noctuidae), Asian J Agric Sci, 2012, 4(4),
298-307.

Pandey P K, Singh D, Singh R, Sinha M K, Singh S, ef al,
Cassia fistula seed’s trypsin inhibitor (s) as antibiosis agent in
Helicoverpa armigera pest management, Biocatal Agric
Biotechnol, 2016, 6, 202-208, doi: 10.1016/j.bcab.2016.04.005.
Selin-Rani S, Senthil-Nathan S, Thanigaivel A, Vasantha-
Srinivasan P, Edwin E-S, et al., Toxicity and physiological
effect of quercetin on generalist herbivore, Spodoptera litura
Fab. And a non-target earthworm Eisenia fetida Savigny,
Chemosphere, 2016, 165, 257-267, doi: 10.1016/].
chemosphere.2016.08.136.

Yousef H, El-Lakwah S F and El Sayed Y A, Insecticidal
activity of linoleic acid against Spodoptera Littoralis
(Boisd.), Egypt J Agric Res, 2013, 91(2), 573-580, doi:
10.21608/ejar.2013.163516.

Su Q, Zhou Z, Zhang J, Shi C, Zhang G, et al., Effect of
plant secondary metabolites on common cutworm,
Spodoptera litura (Lepidoptera: Noctuidae), Entomol Res,
2018, 48(1), 18-26, doi: 10.1111/1748-5967.12238.
Gotawska S, Sprawka I, Lukasik I and Gotawski A, Are
naringenin and quercetin useful chemicals in pest-
management strategies?, J Pest Sci, 2014, 87(1), 173—180.
Shi G, Kang Z, Liu H, Ren F and Zhou Y, The effects of
quercetin combined with nucleopolyhedrovirus on the
growth and immune response in the silkworm (Bombyx
mori), Arch Insect Biochem Physiol, 2021, 108(2), 1-18, doi:
10.1002/arch.21839.

Mu S-F, Pei L and Gao X-W, Effects of quercetin on specific
activity of carboxylesterase and glutathione S-transferase in
Bemisia tabaci, Chinese Bull Entomol, 2006, 43(4), 491-495.
Mitchell M J, Keogh D P, Crooks J R and Smith S L, Effects
of plant flavonoids and other allelochemicals on insect
cytochrome P-450 dependent steroid hydroxylase activity,
Insect Biochem Mol Biol, 1993, 23(1), 65-71, doi:
10.1016/0965-1748(93)90083-5.

Muema J M, Nyanjom S G, Mutunga J M, Njeru S N and
Bargul J L, Green tea proanthocyanidins cause impairment of
hormone-regulated larval development and reproducti
ve fitness via repression of juvenile hormone
acid methyltransferase, insulin-like peptide and cytochrome
P450 genes in Anopheles gambiae sensu stricto, PLoS Orne,
2017, 12(3), 1-19, doi: 10.1371/journal.pone.0173564.
Mikani A, Effect of kaempferol on ecdysteroid titer and
oocyte size via tachykinin-4 in cotton bollworm, Helicoverpa
armigera (Lepidoptera: Noctuidae), J Crop Prot, 2019, 8(2),
153-162.

Khanikor B, Barman J, Sarma R, Mahanta S and Adhikari K,
Evaluation of efficacy of three essential oils against
Odontotermes feae (Isoptera: Termitidae), J Environ Pollut
Hum Heal, 2018, 6(2), 6876, doi: 10.12691/jephh-6-2-4.
Gade S, Rajamanikyam M, Vadlapudi V, Nukala K M,
Aluvala R, et al., Acetylcholinesterase inhibitory activity of
stigmasterol & hexacosanol is responsible for larvicidal and



272

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

INDIAN J NAT PROD RESOUR, JUNE 2024

repellent properties of Chromolaena odorata, Biochim
Biophys Acta - Gen Subj, 2017, 1861(3), 541-550, doi:
10.1016/j.bbagen.2016.11.044.

Grzywacz D, Stevenson P C, Mushobozi W L, Belmain S
and Wilson K, The use of indigenous ecological resources
for pest control in Africa, Food Secur, 2014, 6(1), 71-86.
Hutchison J E, Greener nanoscience: A proactive approach to
advancing applications and reducing implications of
nanotechnology, ACS Nano, 2008, 2(3), 395402, doi:
10.1021/nn800131j.

Kumar V and Yadav S K, Plant-mediated synthesis of
silver and gold nanoparticles and their applications,
J Chem Technol Biotechnol, 2009, 84(2), 151-157, doi:
10.1002/jctb.2023.

Lateef A, Azeez M A, Asafa T B, Yekeen T A, Akinboro A,
et al., Cocoa pod husk extract- mediated biosynthesis of
silver nanoparticles: Its antimicrobial, antioxidant and
larvicidal activities, J Nanostructure Chem, 2016, 6(2), 159—
169.

Saini H, Yadav R, Kumar D, Kumar G and Agrawal V,
Cullen corylifolium (L.) medik. seed extract, an excellent
system for fabrication of silver nanoparticles and their
multipotency validation against different mosquito vectors
and human cervical cancer cell line, J Clust Sci, 2020, 31(1),
161-175.

Chung S W, Ginger D S, Morales M W, Zhang Z,
Chandrasekhar V, et al., Top-down meets bottom-up: Dip-pen
nanolithography and DNA- directed assembly of nanoscale
electrical ~ circuits, Small, 2005, 1(1), 6469, doi:
10.1002/sml1.200400005.

Thakkar K N, Mhatre S S and Parikh R Y, Biological synthesis
of metallic nanoparticles, Nanomed Nanotechnol Biol Med,
2010, 6(2), 257-262, doi: 10.1016/j.nano.2009.07.002.

Pavela R, Murugan K, Canale A and Benelli G, Saponaria
officinalis-synthesized silver nanocrystals as effective
biopesticides and oviposition inhibitors against Tetranychus
urticae Koch, Ind Crops Prod, 2017, 97, 338-344, doi:
10.1016/j.indcrop.2016.12.046.

Shahverdi A-R, Shakibaie M and Nazari P, Basic and
practical procedures for microbial synthesis of nanoparticles,
In Metal nanoparticles in microbiology, (Springer), 2011,
177-195.

Fedlheim D L and Foss C A, Metal nanoparticles:
Synthesis, characterization, and applications, (CRC Press),
2001.

Sepeur S, Nanotechnology: Technical basics
applications, Vincentz Network GmbH & Co KG, 2008.
Jiang J, Oberdorster G and Biswas P, Characterization of
size, surface charge, and agglomeration state of nanoparticle
dispersions for toxicological studies, J Nanoparticle Res,
2009, 11, 77-89.

Schaffer B, Hohenester U, Triigler A and Hofer F, High-
resolution surface plasmon imaging of gold nanoparticles by
energy-filtered transmission electron microscopy, Phys Rev
B - Condens Matter Mater Phys, 2009, 79(4), 1-4.

Chithrani B D, Ghazani A A and Chan W C W, Determining
the size and shape dependence of gold nanoparticle uptake
into mammalian cells, Nano Lett, 2006, 6(4), 662—668, doi:
10.1021/n10523960.

Sun S, Murray C B, Weller D, Folks L and Moser A,

and

104

105

106

107

108

109

110

111

112

113

114

115

116

Monodisperse FePt nanoparticles and ferromagnetic FePt
nanocrystal superlattices, Science, 2000, 287(5460), 1989—
1992, doi: 10.1126/science.287.5460.1989.

Strasser P, Koh S, Anniyev T, Greeley J, More K, et al.,
Lattice-strain control of the activity in dealloyed core—shell
fuel cell catalysts, Nat Chem, 2010, 2(6), 454—460.

Kumar V, Andola H C, Lohani H and Chauhan N,
Pharmacological review on Ocimum sanctum Linnaeus: A
queen of herbs, J Pharm Res, 2011, 4, 366-368.

Arjunan N K, Murugan K, Rejeeth C, Madhiyazhagan P and
Barnard D R, Green synthesis of silver nanoparticles for the
control of mosquito vectors of malaria, filariasis, and dengue,
Vector-Borne Zoonotic Dis, 2012, 12(3), 262-268, doi:
10.1089/vbz.2011.0661.

Fouad H, Hongjie L, Hosni D, Wei J, Abbas G, et al,
Controlling Aedes albopictus and Culex pipiens pallens using
silver nanoparticles synthesized from aqueous extract of
Cassia fistula fruit pulp and its mode of action, Artif Cells
Nanomed  Biotechnol, 2018, 46(3), 558-567, doi:
10.1080/21691401.2017.1329739.

Subashini K, Jeyasankar A, Ramesh N and Sivakami R,
Larvicidal activity of silver nanoparticle synthesized by the
leaf extracts of Azadirachta indica against Culex
quinquefasciatus (Say)(Diptera: Culicidae), Int J Zool Stud,
2016, 1, 7-11.

Mao B H, Chen Z Y, Wang Y J and Yan S J, Silver
nanoparticles have lethal and sublethal adverse effects on
development and longevity by inducing ROS-mediated stress
responses, Sci Rep, 2018, 8, 1-16.

Sultana N, Raul P K, Goswami D, Das B, Gogoi H K, et al.,
Nanoweapon: Control of mosquito breeding using carbon-
dot-silver nanohybrid as a biolarvicide, Environ Chem Lett,
2018, 16(3), 1017-1023.

Suganya P, Vasecharan B, Vijayakumar S, Balan B,
Govindarajan M, et al, Biopolymer zein-coated gold
nanoparticles: Synthesis, antibacterial potential, toxicity and
histopathological effects against the Zika virus vector Aedes
aegypti, J Photochem Photobiol B Biol, 2017, 173, 404411,
doi: 10.1016/j.jphotobiol.2017.06.004.

Abdel-Gawad R, Insecticidal activity of Moringa oleifera
synthesized silver and zinc nanoparticles against the house
fly, Musca domestica L, Egypt Acad J Biol Sci A Entomol,
2018, 11(4), 19-30.

Armstrong N, Ramamoorthy M, Lyon D, Jones K and
Duttaroy A, Mechanism of silver nanoparticles action on
insect pigmentation reveals intervention of copper
homeostasis, PLoS Omne, 2013, 8(1), 19-21, doi:
10.1371/journal.pone.0053186.

Shahzad K and Manzoor F, Nanoformulations and their
mode of action in insects: A review of biological
interactions, Drug Chem Toxicol, 2021, 44(1), 1-11, doi:
10.1080/01480545.2018.1525393.

Ga’al H, Fouad H, Mao G, Tian J and Jianchu M, Larvicidal
and pupicidal evaluation of silver nanoparticles synthesized
using Aquilaria sinensis and Pogostemon cablin essential
oils against dengue and zika viruses vector Aedes albopictus
mosquito and its histopathological analysis, Artif Cells
Nanomed Biotechnol, 2018, 46(6), 1171-1179, doi:
10.1080/21691401.2017.1365723.

Kalimuthu K, Panneerselvam C, Chou C, Tseng L-C,



117

118

119

120

121

122

123

124

125

126

SAINI & GUPTA: BIOEFFICACY OF BOTANICALS AND NANOFORMULATIONS AGAINST INSECTS

Murugan K, et al., Control of dengue and Zika virus vector
Aedes aegypti using the predatory copepod Megacyclops
formosanus:  Synergy with  Hedychium  coronarium-
synthesized silver nanoparticles and related histological
changes in targeted mosquitoes, Process Saf Environ Prot,
2017, 109, 82-96, doi: 10.1016/j.psep.2017.03.027.

Bharani R A and Namasivayam S K R, Biogenic
silver nanoparticles mediated stress on developmental period
and gut physiology of major lepidopteran pest Spodoptera
litura (Fab.)(Lepidoptera: Noctuidae)—An eco-friendly
approach of insect pest control, J Environ Chem Eng, 2017,
5(1), 453-467, doi: 10.1016/j.jece.2016.12.023.

Narkhede C P, Suryawanshi R K, Patil C D, Borase H P and
Patil S V, Use of protease inhibitory gold nanoparticles as a
compatibility enhancer for Bt and deltamethrin: A novel
approach for pest control, Biocatal Agric Biotechnol, 2016,
8, 8-12, doi: 10.1016/j.bcab.2016.07.004.

Benelli G, Mode of action of nanoparticles against insects,
Environ Sci Pollut Res, 2018, 25(13), 12329-12341.
Yasur J and Usha Rani P, Lepidopteran insect

susceptibility to silver nanoparticles and measurement of
changes in their growth, development and physiology,
Chemosphere, 2015, 124, 92-102, doi:
10.1016/j.chemosphere.2014.11.029.

Ma W, Jing L, Valladares A, Mehta S L, Wang Z, et al.,
Silver nanoparticle exposure induced mitochondrial stress,
caspase-3 activation and cell death: Amelioration by sodium
selenite, Int J Biol Sci, 2015, 11(8), 860.

Raj A, Shah P and Agrawal N, Dose-dependent effect of
silver nanoparticles (AgNPs) on fertility and survival of
Drosophila: An in-vivo study, PLoS One, 2017, 12(5), 1-14,
doi: 10.1371/journal.pone.0178051.

Yuan Y, Li L, Zhao J and Chen M, Effect of tannic acid on
nutrition and activities of detoxification enzymes and
acetylcholinesterase of the fall webworm (Lepidoptera:
Arctiidae), J Insect Sci, 2020, 20(1), 8, doi: 10.1093/
jisesa/ieaa00.

da Silva O S, da Silva F C, de Barros F M C, da SilvaJ L R,
de Loreto Bordignon S A, et al., Larvicidal and growth-
inhibiting activities of extract and benzopyrans from
Hypericum polyanthemum (Guttiferac) against Aedes aegypti
(Diptera: Culicidae), Ind Crops Prod, 2013, 45, 236-239,
doi: 10.1016/j.indcrop.2012.12.025.

Pavela R, Maggi F and Benelli G, Coumarin (2H-1-
benzopyran-2-one): A novel and eco-friendly aphicide, Nat
Prod Res, 2021, 35(9), 1566-1571, doi: 10.1080/
14786419.2019.1660334.

Morimoto M, Tanimoto K, Nakano S, Ozaki T, Nakano A, et
al., Insect antifeedant activity of flavones and chromones
against Spodoptera litura, J Agric Food Chem, 2003, 51(2),
389-393, doi: 10.1021/jf025627a.

127

128

129

130

131

132

133

134

135

136

137

273

Shang X-F, Zhao Z-M, Li J-C, Yang G-Z, Liu Y-Q, et al.,
Insecticidal and antifungal activities of Rheum palmatum L.
anthraquinones and structurally related compounds, Ind
Crops Prod, 2019, 137, 508-520, doi: 10.1016/
j-indcrop.2019.05.055.

Zeng H, Sun D, Chu S, Zhang J, Hu G, et al., Inhibitory
effects of four anthraquinones on tyrosinase activity: Insight
from spectroscopic analysis and molecular docking, Int J
Biol Macromol, 2020, 160, 153-163, doi:
10.1016/j.ijbiomac.2020.05.193.

Mbatchou V C, Tchouassi D P, Dickson R A, Annan K,
Mensah A Y, et al., Mosquito larvicidal activity of Cassia
tora seed extract and its key anthraquinones aurantio-obtusin
and obtusin, Parasit Vectors, 2017, 10(1), 1-8.

Ibrahim M A, Kainulainen P, Aflatuni A, Tiilikkala K and
Holopainen J K, Insecticidal, repellent, antimicrobial activity
and phytotoxicity of essential oils: With special reference to
limonene and its suitability for control of insect pests, Agric
Food Sci Finland, 2001, 10, 243-259.

Nyasembe V O, Teal P E, Mukabana W R, Tumlinson J H
and Torto B, Behavioural response of the malaria vector
Anopheles gambiae to host plant volatiles and synthetic
blends, Parasit Vectors, 2012, 5, 1-11.

Takken W and Knols B G J, Odor-mediated behavior of
Afrotropical malaria mosquitoes, Annu Rev Entomol, 1999,
44(1), 131-157, doi: 10.1146/annurev.ento.44.1.131.
Vanickova L, Canale A and Benelli G, Sexual chemoecology
of mosquitoes (Diptera, Culicidae): Current knowledge and
implications for vector control programs, Parasitol Int, 2017,
66(2), 190—195, doi: 10.1016/j.parint.2016.09.010.

Blaul B, Steinbauer R, Merkl P, Merkl R, Tschochner H, et
al., Oleic acid is a precursor of linoleic acid and the male sex
pheromone in Nasonia vitripennis, Insect Biochem Mol Biol,
2014, 51, 33-40, doi: 10.1016/j.ibmb.2014.05.007.

Huang Y, Ho S H, Lee H C and Yap Y L, Insecticidal
properties of eugenol, isoeugenol and methyleugenol and
their effects on nutrition of Sitophilus zeamais Motsch
(Coleoptera: Curculionidae) and Tribolium castaneum
(Herbst) (Coleoptera: Tenebrionidae), J Stored Prod Res,
2002, 38(5), 403—412, doi: 10.1016/S0022-474X(01)00042-
X.

Kobayashi T, Nishimura K and Fujita T, Effects of the o-
cyano group in the benzyl alcohol moiety on insecticidal and
neurophysiological activities of pyrethroid esters, Pestic
Biochem Physiol, 1989, 35(3), 231-243, doi: 10.1016/0048-
3575(89)90084-9.

Silva E S, Marchi R C, Matos C S P, Silva M F G, Fernandes
J B, et al, Insecticidal and fungicidal activity of a
magnesium compound containing isovanillic acid against
leaf-cutting ant and its symbiotic fungus, Quim Nova, 2021,
44, 267-271.



