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Nature is the ultimate source of all life supporting and lifesaving resources since beginning of human 

civilizations. Penicillin, aspirin and morphine are the most remarkable example of nature‘s gifted medicine to 
serve human kind. Since Australopithecus, insects are indispensable part of human beings, which impressions can 

be seen in different ethnic groups as well as in modern society of India, or other parts of developing countries. 

These ethnic group‘s food habit inspired scientists and academicians to discover new natural bioactive 
compounds for drug discovery which has primarily focused on entomophagy as well as entomotherapy which has 

been in human practice in conjunction with medicinal plants, that is an important alternative to modern medicine 

in various parts of the world. North east Indian states are well known for their rich biodiversity of flora and fauna 
along with the different food habit from rest of the India. They used various insect for nutritional supplements as 

folk medicine to cure body ailments. Number of edible or useful insects varies from state to state and their tribes 

too. In Arunachal alone around 200 insect‘s species consumed or used in any way by their ethnic people, whereas 
significantly less in other neighbouring states. Number of insect‘s species chosen by the ethnic people on the 

basis of their traditional belief, knowledge, taste as well as seasonal and regional availability. This review gives 

an overview and future prospects of current traditional food supplements or taste enhancer and medicinal 
application of insects and their bioactive compound characterization is summarized here. Most popular insects are 

ants, beetles, wasps, bugs, termites, moths, flies, cockroaches and many more. Biological activities of natural 

products obtained from insects contain antioxidant, anti-inflammatory, antimicrobial, antiviral, antifungal 
anticancer and immunomodulatory properties with reference to alkaloids, flavonoids, volatile compounds, 

Phenolic compounds, polyphenols that are being used by the tribes of Arunachal Pradesh in association with their 

social and cultural believes. 

  
 

 

Introduction 
Natural entities have enormous compounds with wide chemical and 

structural diversity and motivate a wealth of life style issues related 

to food and medicine for centuries Guo, Z., 2017. Most remarkable 

natural analgesic ‗Morphine‘ was isolated in 1803 from Papa 

versomniferum plant Dias, D.A., S. Urban, & U. Roessner, 2012. 

After two decades another important medicinally active compound 

‗salicin‘ extracted from the bark of willow tree, Salix alba, by Henri 

Leroux. From salicin, Felix Hoffmansynthesized acetylsalicylic acid 

an anti-inflammatory drug, commercially knows as aspirin. Miner, 

J. and A. Hoffhines, 2007. After thirty years, from the fungus 

Penicillium notatum, penicillin, was isolated by Alexander Fleming. 

However, HowardFlorey and Ernest Chain proven penicillin‘s 

ground breaking antibiotic property, which revolutionized the 

medicine practice for which Fleming, Chain and Florey share the 

1945, Nobel prize in Physiology or medicine Shen, B., 2015. 

Another example of 1971, when scientist, YouyouTu, discovered 

most effective malarial treatment to date, for this scientist also 

awarded by Nobel prize in 2015 for physiology and medicine 

Cragg, G.M. and D.J. Newman; 2013 

The above said examples and the fact that about 33% of commercially 

approved drugs from 1981-2010 and around 68% of all commercially 

approved antimicrobial or antibacterial drugs are either natural 

products or derivatives of natural products, which reflects that, nature 

is an important cradle of new bioactive target molecules Brown, D.G., 

T. Lister, and T.L. May-Dracka, 2014; Newman, D.J. and G.M. 

Cragg, 2012. However, till date the focus for bioactive compound has 

been overly on mostly terrestrial plants, algae and fungi. An under 

masked source of inspirationfor  entomophagy and entomotherapy 

has been in culture of many countries for as long as and habitually in 

conjunction with medicinal plants. Entomophagy and 

entomotherapyis the use of insects as a food or food supplements and 

as medicine is an unavoidable important alternatives used as food and 

in therapy globally, including India, China, Korea, Brazil, Mexico, 

Argentina as well as African countries Benitez, G., 2011; Jaroli, et al., 

2010; Chakravorty, et al., 2011; Mlcek, J., et al., 2014. Laboratory of 

Entomology at Wageningen University reported that, worldwide2163 

insect species were consumed by human beings. Like all-natural 

creatures‘ insects are reservoir of many important microbial 

endophytes which include fungi and bacteria. Endophytic 

microorganisms are associated with their host insects for the 
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production of natural products. The involvement of endophytes 

must be taken into care when extract the natural bioactive 

compounds from insects Newman, D.J. and G.M., 2015  

Honey bee a well-known social insect in the close vicinity of human 

kind. Bee by-product, honey still very popular in modern society 

among all age group worldwide. Honey is an important antioxidant 

as well as antimicrobial agent and proved medicinal property in the 

battle against skin disorder and heart disease Erejuwa, et al., 2012; 

Maddocks, S.E. and R.E., 2013; McLoone, et al., 2016; Khalil, M. 

and S.A. Sulaiman, 2010.  Bee hives made up of Propolis, a gap 

filling glue has been studied extensively for its antioxidant, anti-

inflammatory, antimicrobial, immune-modulatory, cardioprotective 

and antiangiogenic properties Daleprane, J.B. and D.S. Abdalla, 

2013; Freires, et al., 2016. Bee venom also has been studied against 

inflammation and cancer. However, other biologically active 

compounds have also been identifiedfrom insect secretions and 

excretions Bellik, Y., 2015; Nabiuni, M., et al., 2013; Lee, et al., 

2015. Haemolymph (blood) contains insects innate immunity and 

antimicrobial peptides, which have shown promising activity 

against parasites, antibiotic resistance bacteria, viruses and fungi Yi, 

H.-Y., et al., 2014; .Ntwasa, M., A. Goto, and S. Kurata , 2012; Li, 

Y., et al. 2012. 

Pederin and cantharidin and important insect toxin isolates act as 

defense secretions of the rove and blister beetles respectively, 

gained scientific attention as cancer therapeutics Dossey, A.T., 

2010; Puerto et al., 2013. 

Insects belongs to kingdom Animalia, phylum Arthropoda, class 

Insecta. Class Insecta, is the largest containing species and further 

divided into 29 orders, out of which only four orders i.e. Coleoptera, 

Diptera, Lepidoptera and Hymenoptera contains about 81% known 

species Foottit, R.G. and P.H. 2009. Various reviews published in 

last decade emphasis on insects as a natural resource for novel 

bioactive compounds.Ratcliffe, N.A., et al., 2011 ; Ratcliffe, N., P. 

Azambuja, and C.B. Mello, 2014; Cherniack, E.P 2010; El-

Tantawy, N.L., 2015..Mostly insects are herbivorous (phytophagy) 

which depends mostly on their ecological niche. Insects sequestered 

all bioactive compounds from their food source. Tribals, 

unknowingly uses their bioactive compounds as a food supplements 

or medicine which is very tough to identify and extract those 

bioactive compounds from their real plant source, as insects forage a 

number of plants for their food.  Therefore, this review centered 

around the insects-plant interaction and sequestration of plants 

bioactive compounds into insects for which certain tribal 

communities continue to consume insects as  part of their diet  as 

their cultural values. However, we will also account their 

importance and future prospects. This review article split into 

headings based on different chemical groups and chemical 

derivatives which includes their belonging insects used in 

Arunachal Pradesh. 

Modification of Natural Products-Species diversity and their 

natural environment is rich in secondary metabolites with vast 

chemical structure. Natural products are modified on the basis of 

their biological and structural possessions. Modification of natural 

products and de novo structure-based drug discovery is quite 

different. It is obligatory to modify structure of natural products, 

because secondary metabolites are meant for protection of the 

organism from environment as well as from natural enemies. 

Natural product-based discovery of drug is characterized with the 

starting point of a bioactive compound that can be structurally 

manipulated to match a drug criterion. However, the molecular 

modification is entirely different from the principal of structure-

based drug discovery.  

Structural diversity is the basis of characterization of all-natural 

products. Three-dimensional structure and poly-functional groups of 

natural products constitute the active pockets for strong binding 

with the target molecules and aid additional interaction with 

biomolecules and their target motifs. Many natural products 

structures exist as redundant atoms, which lack ability to bind any 

target molecule and brings disadvantageous effects on the 

physiological process through altered physico-chemical, 

pharmaceutical and pharmacokinetic properties. Therefore, by 

structural modification useless moieties appropriately removed from 

the natural compounds in accordance with their molecular target 

Hopkins, et al., 2004 

Natural product Modification Strategies-The compounds, which 

have large size and complex structure relatively less soluble and not 

suitable for metabolism and absorption.Therefore, reduction in 

molecular size and to remove useless functional groups. Mostly used 

modification strategies are given below to modify natural products 

into useful bioactive compounds for medicinal use.  

Molecular size and complexity: Simple operations like molecular 

dissection are carried out to eliminate useless structural factors from 

large and complicated natural products. Linear molecules as well as 

peptides are sheared by molecular dissections along the length of the 

chain. However, compounds containing fused rings segmented into 

quadrants for the modification of structure to meet structure activity 

relationship. The well-known alkaloid cocaine major disadvantageous 

reported effects are vasoconstrictor property and potential toxic for 

cardiovascular health. However, cocaine has been modified and 

structurally simplified for use as a local aesthetics. Physostigmine 

(tertiary amine) is another natural product alkaloidal in nature possess 

reversible cholinesterase inhibitor activity due to their chemical 

instability in vivo Suzuki, T., et al., 1999. Then physostigmine 

modified into simple compounds with non-chiral center as 

pyridostigmine bromide Heltweg, B., et al., 2004.. and neostigmine 

bromide  Higgins, D.L., et al 2005 quaternary ammonium salt with 

poor penetration to central nervous system imparts lesser propensity 

to induce orthostatic hypotension, however in myasthenia gravis 

patients improve muscle tone Heltweg, B., et al.,2004; .Higgins, D.L., 

et al., 2005 Synthesis of analoguecompound generally performed for 

natural bioactive compound with suitable molecular size to aid 

superior qualities with maintaining compound novelty. Smaller 

compounds have opportunity to add some atoms, functional groups to 

increase affinity to their respective receptors. 

Structure activity relationship: In the lack of proper information about 

the target structure, natural compounds are modified according to 

their known properties, and assign pharmacophores to design novel 

bioactive compounds with specific three-dimensional structure and 

scaffolds. Paclitaxel, drug used in chemotherapy with added side 

effects. Its semisynthetic analogue cabazitaxel to actively stop growth 

of cancer cells is prostate cancer Dolle, R.E., et al., 2004. And 

another analogue docetaxel effective in chemotherapy with minimum 

side effects Malabarba, A., et al., 1995. 

Removal of chiral centres: Chiral centre induce diploid characteristics 

in any compounds, in which the positive side orientation molecules 

demonstrate increased activity or selectivity with respect to other 

side, due to appropriate steric compatibility with asymmetrical target 

molecules. However, negative is also linked with other complications 

of synthesis and separations Guo, Z., 2017.  Structural modification 

of natural compounds: The ultimate aim of scientist and 

pharmaceutical companies is to develop bio active compounds of 

natural products into drugs, with analysing all pharmacological as 

well as toxicological parameters. On the basis of pharmacokinetics, 

physicochemical aspects, safety, efficacy modification of compounds 

taken into account to raise strength, activity, solubility, metabolic 

stability, chemical stability of compounds, with removing adverse and 

toxic reactions to gain novelty and intellectual property of molecules 

Guo, Z., 2017. Entomophagy and entomotherapy: Around the world 

various study reported about the entomophagy and entomotherapy. 

African, Neotropical, Oriental and Palearctic empires were the 

highest in the consumption of number of species. Worldwide 

Lepidoptera, Hemiptera and Coleoptera are the three most common 

orderof insects, which uses by human beings. However, at the species 

level, 661 species of Coleoptera eaten by human beings. 

Insect-Plant Interactions-The dynamic between herbivorous insects 

and their host plants is initiated by chemical cues that guide host 

recognition, prompting plants to deploy morphological and chemical 

defensive barriers to repel the threat. These interactions are driven by 

many ecological factors, such as the presence or absence of 

competing species, predators, parasitoids and related microbiomes, 

which act as intermediates in these relationships through obligate or 

facultative interactions. Internal bacterial and fungal endosymbionts 

are particularly important because they help their host to perceive the 

environment, digest food, metabolize energy and reproduce. In 

addition, the microbes in the insect's gut assist in evading host 

immunity, as they can neutralise plant-derived chemical defenses. 

These micro and macro level relationships span across spatial and 

temporal scales and reveal the extent of the interaction of herbivores 

and hosts and their relationships with the wider ecological processes. 

Thus, multi-trophic relationships need to be assessed to understand 
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the overall network of the natural ecosystem Garima Sharma , 2021 

Toxic and deterrent secondary metabolites are produced by plants to 

avoid herbivory, but highly adapted herbivores can withstand or 

detoxify these to protect themselves against higher trophic levels. 

Whether feeding on such sequestered defenses is an obstacle to the 

success of predatory natural enemies was tested by examining the 

interaction between entomopathogenic nematodes and the western 

corn rootworm, a specialist herbivore of maize that sequesters 

protective benzoxazinoid compounds from grasses. The researchers 

found that nematodes from areas where rootworms existed for 50 

years were much more tolerant of sequestered benzoxazinoids and 

more infective than nematodes from other parts of the world. 

Furthermore, a susceptible nematode strain exposed to the rootworm 

for five generations rapidly evolved enhanced metabolic and 

behavioral resistance alongside benzoxazinoid-mediated infectivity, 

demonstrating that plant defenses transferred through herbivores can 

drive rapid evolutionary counter-adaptations in predators Xi Zhang 

., et al., 2019. 

To evaluate cellular responses to herbivory, investigators monitored 

Arabidopsis thaliana leaves exposed to oral secretions (OS)—

comprising saliva and gut regurgitant—from the generalist 

lepidopteran Spodoptera litura. Mechanical control wounds closed 

off cleanly, and featured carefully outlined vertical cross sections 

with very limited localized cell death. In contrast, wounds of S. 

litura OS did not heal and showed increased and extensive 

premature senescence (chloroplast death and chlorophyll loss) on 

the foliage well beyond the injury area. The causative molecule is 

very heat-stable and not proteinaceous as this reaction continued 

with heat-inactivated OS. The results showed that S. litura OS has a 

negative effect on tissue repair and induces senescence in the plant, 

which is a physiological state that can assist the insect by redirecting 

and mobilizing valuable nutrients to the plant's damaged area 

Natsuko Kinoshita 2018; Hans Laufer, et al.,1965; D. DOYLE and 

H. LAUFER; 1969; Taciano Moura ., et al., (2021); Lisonéia F. 

Smaniotto and Antônio R. Panizzi (2015 ); Matthew P., et al., 2018;   

Silvana B., et al., (2015);  Natsuko Kinoshita and  Shigeyuki 

Betsuyaku, (2018) 

Broadly speaking, metamorphosis results in dramatic changes in the 

activity of enzymes in the tissues of insects, such as the 7-fold rise 

in activity of salivary gland deoxyribonuclease (DNase) during 

pupal metamorphosis in the dipteran, Chironomus thummi. This is a 

very rapid upregulation while other protein levels and other 

enzymatic activities are decreased, reflecting a local DNase activity 

resulting from the control of specific chromosomal regions that 

cause programmed histolysis of the salivary gland Hans Laufer, 

(1965). In Chironomus tentans, acrylamide gel disc electrophoresis 

revealed that ten out of eleven soluble protein fractions found in 

larval salivary gland extracts were identical to those circulating in 

the hemolymph. Amino acid isotope incorporation and 

immunochemical tracking demonstrated that these shared proteins 

are not produced within the gland itself, but are synthesized in other 

larval tissues, released into the hemolymph, and subsequently 

absorbed, transported, and secreted by the salivary cells. While the 

salivary gland executes some de novo synthesis of heavy, high-

molecular-weight protein aggregates, the majority of its secretions 

rely on the selective absorption and transport of circulating 

hemolymph proteins D. Doyle And H. Laufer; 1969. 

Predation heavily influences the structural composition and 

colonization patterns of necrophagous dipteran communities on 

decaying remains. Using the predatory blowfly Chrysomya albiceps 

alongside three prey species (Synthesiomyia nudiseta, Lucilia 

eximia, and Peckia chrysostoma), researchers observed distinct 

behavioral responses including escape, avoidance, and active prey 

selection. Larvae of L. eximia and P. chrysostoma successfully 

avoided predation in 70% of encounters, whereas S. nudiseta rarely 

escaped but displayed aggressive counterattacking behaviors. While 

L. eximia was hunted individually, C. albiceps larvae attacked P. 

chrysostoma in cooperative groups of two or more in 75% of 

observed cases, demonstrating that predatory strategies and 

handling times are highly species-specific with major implications 

for forensic evaluations of human cadavers Taciano Moura 

Barbosa., et al., (2021)  

Stink bug feeding preferences are also highly sensitive to shifts in 

agricultural landscapes. Monitoring pentatomid species including 

Nezara viridula, Edessa meditabunda, Euschistus heros, Dichelops 

melacanthus, Dichelops furcatus, and Thyanta perditor—on Fabaceae 

crops revealed how intensive monoculture and no-tillage systems 

alter resource availability. These ecological changes prompt 

phytophagous bugs to transition from preferred reproductive hosts 

(consuming seeds and fruits) to feeding on the vegetative tissues 

(stems and leaves) of non-preferred host plants for nourishment and 

shelter Lisonéia  (2015) 

Ant-plant mutualisms serve as classic evolutionary models for biotic 

interactions. Phylogenetic reconstructions of over 1,700 ant species 

and 10,000 plant genera trace the origin of these relationships to the 

Mesozoic era, when ground-dwelling predatory ants transitioned to 

arboreal hunting. This behavioral shift predated the appearance of 

extrafloral nectaries and elaiosomes, serving as an evolutionary 

bridge to Cenozoic herbivory via intermediate omnivorous diets. 

Similarly, nesting in trees occurred prior to the evolution of plant 

domatia. While specialized ant-associated traits accelerated the 

diversification of angiosperms, ant lineages diversified independently 

of their host association, indicating that plant-ant coevolution grew 

increasingly interdependent as flowering plants achieved global 

ecological dominance Matthew., et al., 2018.   

Glandular secretions undergo complex biochemical changes linked to 

the age and division of labor within social insect colonies. In the 

stingless bee Scaptotrigona postica, cephalic salivary glands (CSGs) 

generate trail pheromones that change in composition as workers 

transition from hive tasks to foraging. Gas chromatography-mass 

spectrometry (GC-MS) analysis of CSG extracts from newly 

emerged, comb-nesting, and foraging bees identified a complex 

mixture of medium-volatility oxygenated compounds (ketones, 

alcohols, acids, aldehydes, esters, and ethers). Newly emerged 

workers possessed the lowest chemical diversity, while comb workers 

transitioned through three distinct chemical phases. Foragers 

exhibited the most diverse and complex chemical profiles, 

characterized by high concentrations of 7-hexadecen-1-yl acetate and 

5-tetradecen-1-yl acetate, confirming that CSG chemistry is strictly 

tied to age-related colonial tasks  Silvana ., et al.,  (2015)  

Chemical Sequestration-Leaf beetles excrete toxic and repellent 

droplets from dorsal glandular reservoirs to make them appear 

unpalatable to predators. These reservoirs serve as miniature 

bioreactors which finish the process of toxin synthesis by processing 

glucosides synthesized de novo or obtained from host plants by the 

larvae. These precursor glucosides are transported through a highly 

specialized network of selective transport proteins directly into the 

defensive glands giving rise to a very precise physiological system 

that supports host-plant specialization and localized adaptation 

Wilhelm Boland (2015). 

The aposematic harlequin bug, Murgantia histrionica, utilizes 

chemical defenses derived from its toxic cruciferous diet to deter 

avian predators. High-performance liquid chromatography (HPLC) 

confirmed that M. histrionica selectively sequesters mustard oil 

glycosides (precursors to toxic nitriles) directly from host tissues, 

concentrating them in body tissues at levels 20 to 30 times higher 

than those found in the digestive tract. Individuals fed on cabbage 

displayed significantly higher glucosinolate levels than those 

transitioned to garden nasturtium, proving that the bugs rapidly 

sequester and retain these plant-derived defenses over extended 

periods [49] Alireza Aliabadi., et al., 2002. 

To compare defensive efficacy, researchers analyzed glucoside 

sequestration across four sawfly species of the genus Athalia. Athalia 

rosae and Athalia liberta specialize on Brassicaceae; A. rosae stores 

aliphatic and aromatic glucosinolates (GLSs) while excluding indolic 

forms, whereas A. liberta sequesters both aliphatic and indolic GLSs. 

Conversely, Athalia cordata and Athalia circularis consume 

Plantaginaceae, accumulating the iridoid glucosides (IGs) catalpol 

and aucubin. A. circularis metabolizes complex catalpol esters from 

Veronica beccabunga to extract pure catalpol while excreting 

carboxylated plant IGs. Sawflies feeding on Plantaginaceae 

accumulate much higher concentrations of defensive glucosides over 

their larval development than those feeding on Brassicaceae. In 

bioassays against the predatory ant Myrmica rubra, hemolymph from 

the IG-sequestering A. cordata proved significantly more deterrent 

than the GLS-rich hemolymph of A. rosae, demonstrating that distinct 

chemical uptake strategies yield variable defensive protection 

Sebastian E. W. (2010)   

Larvae of the specialist sawfly Rhadinoceraea nodicornis accumulate 

toxic ceveratrum alkaloids from Veratrum album within their 
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hemolymph, with 3-acetyl-zygadenine as the dominant compound. 

Qualitative and quantitative evaluations indicate that larvae ingest 

3-angeloylzygadenine, convert it to zygadenine within the gut, and 

subsequently acetylate it, while completely degrading other host 

alkaloids such as protoveratrine A and B. The direct storage, 

metabolic conversion, intact excretion, and specific chemical 

degradation (which are completely lacking in the non-sequestering 

specialists such as Aglaostigma sp.) are the complex processes 

involved. Hemolymph of R. nodicornis is very distasteful and 

poisonous, and will not allow predation by spiders, ants or 

bushcrickets. These defensive alkaloids remain active when 

prepupae hibernate in the winter and continue to protect them 

against small mammalian predators such as shrews Urs Schaffner; et 

al., 1994. 

The evolutionary pathway from primary biosynthesis to chemical 

sequestration continues to be a major interest in chemical ecology. 

The burnet moth Zygaena filipendulae and its host plant Lotus 

corniculatus are ideal for the study because the moth can synthesize 

the cyanogenic glucosides linamarin and lotaustralin as well as 

sequester them. Larvae of Z. filipendulae tightly control the internal 

level of cyanogenic glucosides by transcriptional and protein level 

changes of their own biosynthetic pathways in response to the 

chemical composition of their food, and save energy and nitrogen 

when plant-derived poison is present. The biosynthetic enzymes are 

scattered in the fat body and integument, allowing ready chemical 

replacement following predator attacks. This bi-functional 

characteristic implies that the metabolic pathways were evolved 

first, before the transition to toxic host plants, and that specialized 

sequestration mechanisms evolved later to get rid of the toxic 

substances Joel Furstenberg-Hagg ., et al., 2014. 

Sequestration of Plant Secondary Metabolites by Insects: 

Patterns, Mechanisms, and Ecological Significance- Insects' 

ability to sequester plant secondary metabolites is an important 

evolutionary adaptation which contributes to their survival, defense, 

and ecological specialization. Many studies have shown that insects 

from various taxonomic groups (Lepidoptera, Coleoptera, 

Hemiptera, Orthoptera, Hymenoptera) can extract, transform and 

enrich phytochemicals from their host plants (Opitz & Müller, 

2009). These metabolites include the cyanogenic glycosides 

(CNGs), cardiac glycosides (CGs), pyrrolizidine alkaloids (PAs), 

aristolochic acids (AAs), iridoid glycosides (IGs), glucosinolates 

(GLSs), quinolizidine alkaloids (QAs) and other terpenoids and 

phenolic compounds. 

Cardiac glycosides and cyanogenic glycosides are the most common 

glycosides found in insects feeding on Apocynaceae and 

Passifloraceae. Certain insects, for instance, the monarch butterfly 

Danaus plexippus, have been known to accumulate cardiac 

glycosides from Asclepias species, which they convert to more 

polar compounds and store them for their entire life cycle, up to 7.9 

mg/g dry weight (Reichstein et al., 1968; Brower & Glazier, 1975; 

Malcolm, 1990). Similarly, the hemipteran Oncopeltus fasciatus 

sequesters glycosides from Asclepias spp., with measurable 

quantities in larvae and adult tissues (Duffey & Scudder, 1972; 

Vaughan, 1979). 

The other one is the pyrrolizidine alkaloids (PAs) that are very well 

researched and are often found in plants of the Asteraceae and 

Boraginaceae families. These compounds are not only sequestered 

by arctiids, but also metabolized into N-oxides and other derivatives 

that are stored in the integument and reproductive organs of such 

moths as Creatonotos transiens and Utetheisa ornatrix (Schneider 

et al., 1982; Conner et al., 1981). These alkaloids appear to have a 

dual function in some species, serving to protect against predators 

and also as a nuptial gift in sexual communication (Eisner & 

Meinwald, 1995). 

The Papilionidae butterflies are known to contain aristolochic acids 

(AAs) from Aristolochiaceae plants. These toxic compounds are 

ingested by the larvae and stored in the adults for protection from 

predators, e.g., Battus philenor and Atrophaneura alcinous (Nishida 

& Fukami, 1989a; Fordyce, 2000). They tend to be concentrated in 

specific tissues, like osmeteria and cuticle. The iridoid glycosides 

(IGs) are a group of secondary metabolites produced mainly by the 

family Plantaginaceae and Orobanchaceae that are sequestered by 

several Lepidoptera species such as Euphydryas spp. Such 

compounds can represent a substantial percentage of body weight, 

as high as 10% of the dry weight at certain stages of an organism's 

life (Bowers & Puttick, 1986; Gardner & Stermitz, 1988). Likewise, 

glucosinolates (GLSs) of Brassicaceae are stored in insects, e.g., in 

the haemolymph of insects like Athalia rosae and aphids like 

Brevicoryne brassicae, where GLSs are used in defense (Müller et al., 

2001; Bridges et al., 2002). Quinolizidine alkaloids (QAs) are 

commonly extracted by insects that are associated with Fabaceae. 

These accumulate to levels of over 3 mg/g fresh weight (W) in aphids 

(e.g. Aphis genistae, Macrosiphum albifrons; Wink & Römer, 1986; 

Wink, 1992). Likewise, tropane alkaloids from Solanaceae plants are 

stored in insects, including Placidina euryanassa, but at lower levels 

(Freitas et al., 1996). Other compounds, such as terpenoids and 

phenolics compounds, are also commonly used. Salicylaldehyde, a 

product of the salicin biotransformation of Chrysomelid beetles 

feeding on Salicaceae, is incorporated into the beetles' defensive 

secretions (Pasteels et al., 1988; Schulz et al., 1997). Similarly, 

cucurbit-feeding beetles (e.g. Diabrotica spp.) store cucurbitacins at 

high levels in the haemolymph (often > 30 mg/ml, Ferguson & 

Metcalf, 1985). 

The sequestration process normally takes place through larval uptake, 

transstadial transfer and selective storage in certain tissues including 

haemolymph, integument, defensive glands and reproductive organs. 

A few times metabolites are transferred to eggs for protection of 

offspring (Nishida, 2002). The sequestration and utilization of plant-

based compounds can have ecological consequences, such as 

predator-prey relationships and plant-insect coevolution. 

Sequestration of plant secondary metabolites by insects is a common 

occurrence that is biologically and environmentally important. It 

involves a complex biochemical adaptation and evolutionary process, 

allowing insects to make use of a plant's chemical defense. The 

mechanisms are of importance for chemical ecology, pest 

management and the development of novel bio-inspired control 

strategies. 

Conclusion 

The practice of entomophagy and entomotherapy by the indigenous 

tribes of Arunachal Pradesh is a fascinating blend of traditional 

ecological knowledge, nutritional science, and therapeutic 

possibilities. The present review illustrates the value of insects as a 

source of proteins, lipids, vitamins and minerals, as well as reservoirs 

of structurally diverse bioactive compounds such as alkaloids, 

flavonoids, peptides, phenolics, terpenoids, antimicrobial proteins and 

other secondary metabolites having interesting antioxidant, 

antimicrobial, antiviral, antifungal, anti-inflammatory, anticancer and 

immunomodulatory properties. Plant-insect interactions are important 

in sequestration and modification of plant metabolites to form 

biologically active insect compounds. These biochemical interactions 

between insects and plants represent unique possibilities for natural 

product modification, and a source of new molecules with 

pharmacologically active properties. The traditional habits of insect 

consumption of the ethnic groups of Arunachal Pradesh are the 

empirical knowledge based on centuries of experience and could be 

used as a basis for identifying novel therapeutic agents for future drug 

development. Although there is growing global scientific interest, the 

medicinal uses of Arunachal Pradesh edible insects are still poorly 

explored at molecular, pharmacological and clinical levels. Research 

involving compound isolation, structural elucidation, mechanism-

based bioactivity screening, safety evaluation, and clinical trials is 

urgently needed to give scientific credibility to the traditional 

entomotherapeutic practices. In addition, the indigenous knowledge 

systems related to the utilization of insects are at risk due to fast 

socio-cultural changes and biodiversity losses. In this context, it is 

essential that traditional practices be documented, entomological 

biodiversity conserved, and the entomologists and the people who use 

them in traditional ways collaborate with ethnobiologists, 

pharmacologists, chemists and public health scientists to transform 

traditional uses into biomedical applications supported by scientific 

evidence. To sum up, Arunachal Pradesh is an exceptional biocultural 

treasure trove for discovering insect-based natural products. Such 

utilization of this still largely untapped potential could make 

important contributions to sustainable nutrition, conservation of 

biodiversity and the identification of new therapeutic agents that 

might be able to help to solve new global problems such as 

antimicrobial resistance, chronic inflammatory diseases and cancer. 

In recent years, research on entomology and pharmacology has once 

again confirmed the edible insects not only as nutritious sources but 

also as potential sources of bioactive molecules of therapeutic value. 
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The latest research has revealed over 211 bioactive peptides from 12 

edible insect species with antioxidant, antihypertensive, antidiabetic, 

anti-obesity, antimicrobial, immunomodulatory and antiviral 

activities, such as targeting severe acute respiratory syndrome-

related disease mechanisms (Teixeira et al., 2023). Likewise, the 

incredible diversity of phenolics, flavonoids, terpenoids, alkaloids, 

antimicrobial peptides, and chitin-associated bioactives with 

significant pharmacological potential for controlling inflammation, 

metabolic regulation, and immune modulation have been 

documented in recent systematic reviews (Heliyon, 2024; Food 

Bioscience, 2024) . In Arunachal Pradesh, traditional entomophagy 

and entomotherapy practices are a valuable biocultural repository 

that holds centuries of indigenous knowledge and is now merged 

with the new biomedical science. The inhabitants of the area use a 

variety of insects in different ways; as a nutritional supplement and 

therapeutic agent, they have been used empirically for their 

medicinal properties. Today, these traditional statements are gaining 

ground thanks to modern biochemical studies that have shown that 

proteins obtained from insects can be enzymatically processed to be 

used for anti-inflammatory and immunonutritional applications 

(Rivero-Pino et al., 2024). Moreover, recent studies of insect–plant 

chemical interactions have shown that sequestration and metabolic 

transformation of host plant secondary metabolites play an 

important role in insect bioactivity. Through these ecological 

adaptations insects are able to accumulate and alter 

pharmacologically active compounds and produce structurally novel 

compounds that can be used to develop new drugs. The results 

support the hypothesis that insects consumed by indigenous people 

of Arunachal Pradesh may have some unexplored therapeutic 

molecules of pharmaceutical relevance. Despite this progress, there 

are a number of serious knowledge gaps that remain. The majority 

of the existing evidence comes from in vitro, in silico and 

preliminary in vivo investigations and very few compounds have 

advanced to the stage of translational or clinical validation. 

Systematic isolation of compounds, metabolomics analysis, 

structure elucidation, toxicity testing, molecular docking and 

clinical trials of bioactive insect-derived compounds should be the 

focus of future research. Standardized rearing systems, controlled 

substrate enrichment, and optimized processing technologies have 

also been proposed as effective strategies for enhancing therapeutic 

compound yield and consistency (de Matos et al., 2024). In 

conclusion, Arunachal Pradesh offers an extraordinary and 

underexplored platform for insect-based natural product discovery. 

Integrating traditional ecological knowledge with advanced 

analytical chemistry, molecular biology, and pharmacological 

research may unlock novel therapeutic agents for addressing major 

global health challenges, including antimicrobial resistance, chronic 

inflammatory disorders, metabolic diseases, and cancer. 

Preservation of indigenous knowledge systems and biodiversity 

conservation will therefore remain essential for realizing the full 

biomedical and pharmaceutical potential of entomophagy and 

entomotherapy in the region.  

References 
Guo, Z., The modification of natural products for medical use. Acta 

Pharmaceutica Sinica B, 2017. 7(2): p. 119-136. 

Dias, D.A., S. Urban, and U. Roessner, A Historical Overview of 

Natural Products in Drug Discovery. Metabolites, 2012. 2(2): 

p. 303-336. 

Miner, J. and A. Hoffhines, The discovery of aspirin's 

antithrombotic effects. Tex Heart Inst J, 2007. 34(2): p. 179-

86. 

Shen, B., A New Golden Age of Natural Products Drug Discovery. 

Cell, 2015. 163(6): p. 1297-300. 

Cragg, G.M. and D.J. Newman, Natural products: a continuing 

source of novel drug leads. Biochim Biophys Acta, 2013. 

1830(6): p. 3670-95. 

Brown, D.G., T. Lister, and T.L. May-Dracka, New natural products 

as new leads for antibacterial drug discovery. Bioorganic & 

medicinal chemistry letters, 2014. 24(2): p. 413-418. 

Newman, D.J. and G.M. Cragg, Natural products as sources of new 

drugs over the 30 years from 1981 to 2010. Journal of natural 

products, 2012. 75(3): p. 311-335. 

Benitez, G., Animals used for medicinal and magico-religious 

purposes in western Granada Province, Andalusia (Spain). 

Journal of ethnopharmacology, 2011. 137(3): p. 1113-1123. 

Jaroli, D.á., M.M. Mahawar, and N. Vyas, An ethnozoological study 

in the adjoining areas of Mount Abu wildlife sanctuary, India. 

Journal of ethnobiology and ethnomedicine, 2010. 6(1): p. 1-8. 

Chakravorty, J., S. Ghosh, and V.B. Meyer-Rochow, Practices of 

entomophagy and entomotherapy by members of the Nyishi 

and Galo tribes, two ethnic groups of the state of Arunachal 

Pradesh (North-East India). Journal of ethnobiology and 

ethnomedicine, 2011. 7(1): p. 1-14. 

Mlcek, J., et al., Biologically active substances of edible insects and 

their use in agriculture, veterinary and human medicine. Journal 

of Central European Agriculture, 2014. 15(4): p. 0-0. 

Newman, D.J. and G.M. Cragg, Endophytic and epiphytic microbes 

as ―sources‖ of bioactive agents. Frontiers in chemistry, 2015. 

3: p. 34. 

Erejuwa, O.O., S.A. Sulaiman, and M.S. Ab Wahab, Honey: a novel 

antioxidant. Molecules, 2012. 17(4): p. 4400-4423. 

Maddocks, S.E. and R.E. Jenkins, Honey: a sweet solution to the 

growing problem of antimicrobial resistance? Future 

microbiology, 2013. 8(11): p. 1419-1429. 

McLoone, P., M. Warnock, and L. Fyfe, Honey: A realistic 

antimicrobial for disorders of the skin. Journal of Microbiology, 

Immunology and Infection, 2016. 49(2): p. 161-167. 

Khalil, M. and S.A. Sulaiman, The potential role of honey and its 

polyphenols in preventing heart disease: a review. African 

Journal of Traditional, Complementary and Alternative 

Medicines, 2010. 7(4). 

Daleprane, J.B. and D.S. Abdalla, Emerging roles of propolis: 

antioxidant, cardioprotective, and antiangiogenic actions. 

Evidence-based complementary and alternative medicine, 2013. 

2013. 

Freires, I.A., S.M. de Alencar, and P.L. Rosalen, A pharmacological 

perspective on the use of Brazilian Red Propolis and its isolated 

compounds against human diseases. European journal of 

medicinal chemistry, 2016. 110: p. 267-279. 

Bellik, Y., Bee venom: its potential use in alternative medicine. Anti-

infective agents, 2015. 13(1): p. 3-16. 

Nabiuni, M., et al., Antineoplastic effects of honey bee venom. 

Zahedan J Res Med Sci, 2013. 15(8): p. 1-5. 

Lee, W.-R., S.C. Pak, and K.-K. Park, The protective effect of bee 

venom on fibrosis causing inflammatory diseases. Toxins, 

2015. 7(11): p. 4758-4772. 

Yi, H.-Y., et al., Insect antimicrobial peptides and their applications. 

Applied microbiology and biotechnology, 2014. 98(13): p. 

5807-5822. 

Ntwasa, M., A. Goto, and S. Kurata, Coleopteran antimicrobial 

peptides: prospects for clinical applications. International 

journal of microbiology, 2012. 2012 

Li, Y., et al., Overview on the recent study of antimicrobial peptides: 

origins, functions, relative mechanisms and application. 

Peptides, 2012. 37(2): p. 207-215. 

Dossey, A.T., Insects and their chemical weaponry: new potential for 

drug discovery. Natural product reports, 2010. 27(12): p. 1737-

1757. 

Puerto Galvis, C.E., L.Y. Vargas Mendez, and V.V. Kouznetsov, 

Cantharidin‐based small molecules as potential therapeutic 

agents. Chemical biology & drug design, 2013. 82(5): p. 477-

499. 

Foottit, R.G. and P.H. Adler, Insect biodiversity: science and society. 

2009: John Wiley & Sons. 

Ratcliffe, N.A., et al., Insect natural products and processes: new 

treatments for human disease. Insect biochemistry and 

molecular biology, 2011. 41(10): p. 747-769. 

Ratcliffe, N., P. Azambuja, and C.B. Mello, Recent advances in 

developing insect natural products as potential modern day 

medicines. Evidence-based complementary and alternative 

medicine, 2014. 2014. 

Cherniack, E.P., Bugs as drugs, Part 1: Insects: the" new" alternative 

medicine for the 21st century. Altern Med Rev, 2010. 15(2): p. 

124-135. 

El-Tantawy, N.L., Helminthes and insects: maladies or therapies. 

Parasitology research, 2015. 114(2): p. 359-377. 

Hopkins, A.L., C.R. Groom, and A. Alex, Ligand efficiency: a useful 

metric for lead selection. Drug Discov Today, 2004. 9(10): p. 

430-1. 

Suzuki, T., et al., Synthesis and histone deacetylase inhibitory activity 



This is an Open Access article published under the Creative Commons Attribution 4.0 International License (CC BY 4.0) 
86 

 

 

of new benzamide derivatives. Journal of medicinal 

chemistry, 1999. 42(15): p. 3001-3003. 

Heltweg, B., et al., Subtype selective substrates for histone 

deacetylases. Journal of medicinal chemistry, 2004. 47(21): p. 

5235-5243. 

Higgins, D.L., et al., Telavancin, a multifunctional 

lipoglycopeptide, disrupts both cell wall synthesis and cell 

membrane integrity in methicillin-resistant Staphylococcus 

aureus. Antimicrobial agents and chemotherapy, 2005. 49(3): 

p. 1127-1134 

Dolle, R.E., et al., (4-Carboxamido) phenylalanine is a surrogate for 

tyrosine in opioid receptor peptide ligands. Bioorganic & 

medicinal chemistry letters, 2004. 14(13): p. 3545-3548. 

Malabarba, A., et al., New semisynthetic glycopeptides MDL 63, 

246 and MDL 63, 042, and other amide derivatives of 

antibiotic A-40, 926 active against highly glycopeptide-

resistant VanA enterococci. The Journal of antibiotics, 1995. 

48(8): p. 869-883.  

Garima Sharma,Praful Ashokrao Malthankar and Vartika Mathur. 

Insect Plant Interaction:   A multilayered Relationship. Annals 

of the Entomological Society of America, 114(1), 2021, 1–16  

doi: 10.1093/aesa/saaa032. 

Xi Zhang, Cong van Doan, Carla C. M. Arce, Lingfei Hu, Sandra 

Gruenig, Christian Parisod, Bruce E.  Hibbard, Maxime  R. 

Hervé, Chad Nielson, Christelle A. M. Robert, Ricardo A. R. 

Machado and  Matthias Erb, Plant defense  resistance in 

natural enemies of aspecialist insect herbivore  23174–23181 

November 12, 2019 | vol. 116 | no. 46 PNAS  

Natsuko Kinoshita*, Shigeyuki Betsuyaku; The effects of 

Lepidopteran oral secretion on   plant wounds: A case study 

on the interaction between Spodoptera litura and Arabidopsis  

thaliana. 2018, Biotechnology 35, 1–6 (2018) DOI: 

10.5511/plantbiotechnology.18.0528a. 

Hans Laufer, Yasukiyo Nakase, D.V.M.; Developmental Studies Of 

The  Dipteran Salivary Gland (1965) The Journal Of Cell 

Biology • Volume 25; pp 97-102. 

Doyle And H. Laufer; "Sources Of Larval Salivary Gland Secretion 

In  The Dipteran Chironomus Tentans" The Journal Of Cell 

Biology Voiume 40, 1969 pp  61-78. 

Taciano Moura Barbosa & Jessica Teixeira Jales  & Jucélia Rossana 

Medeiros & Simao Dias  Vasconcelos2 & Renata Antonaci 

Gama. "Behavioural Aspects of the Prey-Predator Interaction 

Among  Necrophagous Diptera: Implications for Cadaveric 

Colonization." Neotropical Entomology (2021) 50:303–311 

https://doi.org/10.1007/s13744-020-00837-z. 

Lisonéia F. Smaniotto and Antônio R. Panizzi," Interactions of 

Selected Species of Stink Bugs (Hemiptera: Heteroptera: 

Pentatomidae) from Leguminous Crops with Plants in the 

Neotropics." 2015 — Florida Entomologist Volume 98, No. 1 

pp 7-17. 

Matthew P. Nelsena,1, Richard H. Reea, and Corrie S. Moreaua ," 

Ant–plant interactions evolved  through increasing 

interdependence" University of Illinois at Urbana–

Champaign, Urbana, IL, and approved October 22, 2018.   

Silvana B. Poiani, E. David Morgan, Falko P. Drijfhout and 

Carminda da Cruz-Landim. "Changes in the  chemical profile 

of cephalic salivary glands of Scaptotrigona postica 

(Hymenoptera, Meliponini) workers are phase related." The 

Journal of Experimental Biology (2015) 218, 2738-2744 

doi:10.1242/jeb.124180. 

Natsuko Kinoshita, Shigeyuki Betsuyaku, " The effects of 

Lepidopteran oral secretion on plant wounds:  A case study on 

the interaction between Spodoptera litura and Arabidopsis 

thaliana"Biotechnology   35, 1–6 (2018) DOI: 

10.5511/plantbiotechnology.18.0528a. 

Wilhelm Boland "Sequestration of plant-derived glycosidesby leaf 

beetles: A model system forevolution and adaptation"    

Perspectives in Science (2015) 6, 38—48. 

Alireza Aliabadi, J. Alan A. Renwick, And Douglas W. Whitman," 

Sequestration of Glucosinolates   By Harlequin Bug 

Murgantia histrionica." Journal of Chemical Ecology, Vol. 28, 

No. 9, September 2002, pp 1749-1762. 

Sebastian E. W. Opitz & Søren R. Jensen & Caroline Müller," 

Sequestration of Glucosinolates and Iridoid Glucosides in 

Sawfly Species of the Genus Athalia and Their Role in 

Defense Against Ants." J Chem Ecol (2010) 36:148–157  DOI 

10.1007/s10886-010-9740-3. 

Urs Schaffner, Jean-Luc Boeve, Hans Gfeller And Urs P. 

Schlunegger, " Sequestration Of Veratrum Alkaloids By    

Specialist Rhadinoceraea nodicornis Konow (Hymenoptera, 

Tenthredinidae) and its  Ecoethological Implications." Journal  

of Chemical Ecology. VoL 20, No. t2. 1994 pp 3233-3250. 

Joel Furstenberg-Hagg, Mika Zagrobelny, Kirsten Jørgensen, Heiko 

Vogel, Birger  Lindberg Møller, Søren Bak," 2014. Chemical 

Defense Balanced by Sequestration and De Novo Biosynthesis 

in a Lepidopteran Specialist." PLOS ONE October | Volume 9 | 

Issue 10. 

Teixeira CSS, Villa C, Costa J, Ferreira IMPLVO, Mafra I. 2023. 

Edible insects as a novel source of bioactive peptides: A 

systematic review. Foods, 12(10):2026.  

Tarahi M et al. 2025. Bioactive peptides derived from insect proteins: 

Preparation, biological activities, potential applications, and 

safety issues. Food Chemistry, 465:142113.  

Rivero-Pino F et al. 2024. Edible insects as a source of biopeptides 

and their role in immunonutrition. Food & Function, 15:2789–

2798.  

de Matos FM et al. 2024. Insects as a sustainable source of emerging 

proteins and their processing to obtain bioactive compounds: an 

updated review. Sustainable Food Technology, 2:19–31.  

Heliyon (2024). Bioactive compounds and biological activity in 

edible insects: A review. Food Bioscience (2024). State-of-the-

art review of edible insect: from bioactives, pretreatment to 

enrichment. 

Bowers, M. D., & Puttick, G. M. (1986). Utilization of iridoid 

glycosides by specialist and generalist checkerspot butterflies. 

Journal of Chemical Ecology, 12(1), 191–204. 

Bridges, M. N., Jones, A. M. E., Bones, A. M., Hodgson, C., Cole, R., 

Bartlet, E., & Rossiter, J. T. (2002). Spatial organization of the 

glucosinolate-myrosinase system in brassica specialist aphids is 

a defense strategy. Phytochemistry, 60(6), 619–627. 

Brower, L. P., & Glazier, S. C. (1975). Localization of heart poisons 

in the monarch butterfly. Science, 188(4183), 19–25. 

Conner, W. E., Eisner, T., Vander Meer, R. K., Guerrero, A., & 

Meinwald, J. (1981). Precopulatory sexual communication in 

an arctiid moth (Utetheisa ornatrix): Role of a pheromone-

derived from dietary pyrrolizidine alkaloids. Behavioral 

Ecology and Sociobiology, 9(3), 227–235. 

de Matos, F. M., Silva, J. A., Rocha, L. C., & Santos, E. F. (2024). 

Insects as a sustainable source of emerging proteins and their 

processing to obtain bioactive compounds: an updated review. 

Sustainable Food Technology, 2, 19–31. 

Duffey, S. S., & Scudder, G. G. E. (1972). Cardiac glycosides in 

Oncopeltus fasciatus (Hemiptera: Lygaeidae). Journal of Insect 

Physiology, 18(1), 63–71. 

Eisner, T., & Meinwald, J. (1995). The chemistry of sexual selection: 

positive feedback in mating systems driven by defensive gifts. 

Proceedings of the National Academy of Sciences, 92(1), 51–

55. 

Ferguson, J. E., & Metcalf, R. L. (1985). Cucurbitacins and cucumber 

beetles: mechanisms of sequestration and host-plant selection. 

Journal of Chemical Ecology, 11(3), 311–322. 

Food Bioscience. (2024). State-of-the-art review of edible insect: 

from bioactives, pretreatment to enrichment. Food Bioscience, 

58, 103562 

Fordyce, J. A. (2000). Sequestration of aristolochic acids by Battus 

philenor and its effect on predator behavior. Evolution, 54(3), 

983–991 

Freitas, A. V. L., Trigo, J. R., Brown, K. S., & Witte, L. (1996). 

Tropane alkaloids in the aposematic butterfly Placidina 

euryanassa. Chemoecology, 7(2), 61–67. 

Gardner, D. R., & Stermitz, F. R. (1988). Iridoid glycosides from 

Euphydryas anicia and host plants. Journal of Chemical 

Ecology, 14(12), 2147–2161. 

Malcolm, S. B. (1990). Chemical defense in monarch butterflies: 

cardenolide sequestration and conversion. Chemoecology, 1(1), 

12–21. 

Müller, C., Agerbirk, N., & Olsen, C. E. (2001). Glucosinolate 

sequestration by the sawfly Athalia rosae. Journal of Chemical 

Ecology, 27(12), 2505–2516. 

Nishida, R. (2002). Sequestration of defensive substances from plants 

https://doi.org/10.1007/s13744-020-00837-z


This is an Open Access article published under the Creative Commons Attribution 4.0 International License (CC BY 4.0) 
87 

 

 

by lepidopterous insects. Annual Review of Entomology, 

47(1), 57–92. 

Nishida, R., & Fukami, H. (1989). Sequestration of aristolochic 

acids by swallowtail butterfly Atrophaneura alcinous. Journal 

of Chemical Ecology, 15(9), 2549–2563. 

Opitz, S. E. W., & Müller, C. (2009). Plant secondary metabolites 

and their sequestration by insects: patterns, mechanisms, and 

ecological significance. Biological Reviews, 84(2), 289–307. 

Pasteels, J. M., Rowell-Rahier, M., & Raupp, M. J. (1988). Plant-

derived defensive secretions in chrysomelid beetle larvae. 

Biochemical Systematics and Ecology, 16(1), 67–73. 

Reichstein, T., von Euw, J., Parsons, J. A., & Rothschild, M. (1968). 

Heart poisons in the monarch butterfly. Science, 161(3844), 

861–866 

Rivero-Pino, F., Alcaide-Hidalgo, J. M., & Millan, F. (2024). Edible 

insects as a source of biopeptides and their role in 

immunonutrition. Food & Function, 15(5), 2789–2798. 

Sánchez-Estrada, M. L., Aguirre-Becerra, H., & Feregrino-Pérez, A. 

A. (2024). Bioactive compounds and biological activity in 

edible insects: A review. Heliyon, 10(2), e24045. 

Schneider, D., Boppré, M., Zweig, J., Horsley, S. B., Bell, T. W., 

Meinwald, J., Hansen, K., & Diehl, E. W. (1982). Scent organ 

development in Creatonotos moths: regulation by 

pyrrolizidine alkaloids. Science, 215(4537), 1264–1266 

Schulz, S., Pasteels, J. M., & Hilker, M. (1997). Metamorphosis-

linked changes in salicin processing by chrysomelid beetles. 

Insect Biochemistry and Molecular Biology, 27(5), 411–419. 

Teixeira, C. S. S., Villa, C., Costa, J., Ferreira, I. M. P. L. V. O., & 

Mafra, I. (2023). Edible insects as a novel source of bioactive 

peptides: A systematic review. Foods, 12(10), 2026. 

Vaughan, F. A. (1979). Quantification of cardiac glycosides in 

tissue layers of Oncopeltus fasciatus. Journal of Chemical 

Ecology, 5(4), 511–521. 

Wink, M. (1992). Sequestration and transport of quinolizidine 

alkaloids by aphids. Zeitschrift für Naturforschung C, 47(3-4), 

261–266. 

Wink, M., & Römer, P. (1986). Quinolizidine alkaloids stored by 

legume-feeding aphids. Naturwissenschaften, 73(4), 210–212. 

Robin Verma, Prveen, Rahul Kumar, Saurabh Tripathi, Arvind 

Chauhan, Vikas Verma. Vector-borne disease risk assessment 

in hospitality zones: A case study approach. Int J Mosq Res 

2025;12(6):51-53. DOI: 

https://doi.org/10.22271/23487941.2025.v12.i6a.870 

Prveen. Strengthening surveillance and vector control for a 

malaria‑free India: A comprehensive review. Int J Mosq Res 

2025;12(4):23-28. 

DOI:https://doi.org/10.22271/23487941.2025.v12.i4a.850 

Prveen and Latesh Dhakrey (2024).Ecological Assessment of 

Kundol Village, District Agra, Uttar Pradesh, India. 3rd 

International Multidisciplinary conference on recent 

innovations in Science Engineering, Management and 

Humanities, JS University, Manipuri Road, Shikohabad, Distt. 

Firozabad, UP, Dated 25th to 26th October 2024. 

Prveen and Suman Kapoor (2024).Toxicological Evaluation of 

Selected Pesticides against Athalia lugens, a phytophagous 

pest of Luffa acutangula. 3rd International Multidisciplinary 

conference on recent innovations in Science Engineering, 

Management and Humanities, JS University, Manipuri Road, 

Shikohabad, Distt. Firozabd, UP, India  Dated 25th to 26th 

October 2024.  

Bharat Singh, Harendra Nath Sharma, Prveen and Sanjay Singh 

(2024), A review on Effect of Cypermethrin on Hematology 

of Fresh Water Fish Channa punctatus (Bloch.).Journal of 

Science Innovations and Nature of Earth, 4(4),52-57. 

https://doi.org/10.59436/jsiane.271.2583-2093. 

Anil Kumar, Hridayesh Arya, Kalpana Soni, Prveen, Vishan Kumar, 

Ajay Pratap Singh, Surbhi Mittal, Manish Maheshwari, Prem 

Sagar, Anand Pratap Singh, Sonal Singh and Keshav 

Singh,(2023), ―A Review on the receptors and Pathways used 

by the Dengue Virus to Infect Host Cells‖ Journal of Science 

Innovations and Nature of Earth, Vol. 3(3), page-20-32 

www.doi.org/10.59436/https://jsiane.com/archives3/3/96 

Nending Muni, Prveen, Yallapa Rajashekar, Jharna Chakravorty 

(2023): LC-MS/MS targeted Amino acid profiling of edible 

beetle Anomala sp. and its host plants. Current Research in 

Nutrition and Food ScienceISSN: 2347-467X, Vol. 11, No. (3), 

pg.1-5 

Anil Kumar, Hridayesh Arya, Prveen Verma, Sunjay Singh, Vishan 

Kumar, Surbhi Mittal, Manish Maheshwari, Prem Sagar, Anand 

Pratap Singh, Sonal Singh and Keshav Singh, 2023. ―A Review 

of Dengue Virus Genome, Structural and Non-Structural 

Proteins, And Life Cycle‖ Journal of Science Innovations and 

Nature of Earth, Vol. 3(2), page- 06-16 

www.doi.org/10.59436/https://jsiane.com/archives3/2/76 

Sonam Drema Tukshipa, Nending Muni, Prveen, Jharna Chakravorty 

(2023): Metabolomic screening for therapeutic potential in 

Mimela sp. an edible insect of the Arunachal Pradesh region. 

Journal of Environmental Biology 44: 744-752.  

Anil Kumar, Hridayesh Arya , Prveen, Anand Pratap Singh, Sonal 

Singh, and Keshav Singh (2023): Surveillance Of Aedes 

Diversity, Seasonal Prevalence And Habitat Characterization In 

Bulandshahr, Utter Pradesh, India. Journal of Science 

Innovations and Nature of Earth vol. 3: (1) pp 04–10 

Nisha Sogan; Smriti kala; Neera Kapoor; Himmat Singh; Prveen 

Verma; Aparna Nautiyal; B.N Nagpal (2023): Utilization and 

re-use of orange peel derived oil by formulating nanoemulsion 

for efficient vector control application. Waste and Biomass 

Valorizationhttps://doi.org/10.1007/s12649-023-02094-8. 

Mayank Pratap Singh Chauhan, Prveen and Gaurav Bhardwaj (2023) 

: The Contribution of Biotechnology to the Advancement Of 

Scientific And Technology Research. J. Sci. Innov. Nat. 

Earth,vol. 3:(1), pp 01–03 

Sonam Drema Tukshipa, J Chakravorty and Prveen (2022): In vivo 

Antioxidant and Immunomodulatory effect of the aqueous 

extract of Mimela sp. on cyclophoaphamide induced 

immunocompromised mice. International Journal of 

Pharmacognosy and Life Science ;3(2): 13-19. 

Prveen and Suman Kapoor(2022):Analysis of Abiotic and Biotic 

parameters analogous to pollution accumulation of river 

Yamuna at Petha Nagri (27.1767°N, 78.0081°E) of Uttar 

Pradesh India. Anthology The Research VOL. 7, ISSUE- 2: 

pp1-4. 

Prveen and Suman Kapoor  (2022): Bio-efficacy of Argemone 

maxicana leaf extracts against Bemisia 

tabaci(whitefly)(Aleyrodidae: Hemiptera) on Luffa acutangula 

;Asian Resonance vol.- xi , issue- ii ; pp:1-14. 

Gaurav Bhardwaj, Prveen, Suman Kapoor and Deepak Kumar Verma 

(2021):Evaluation of transformation of energy in major pest of 

Triticum aestivum in Agra Uttar Pradesh region; Journal of 

Entomology and Zoology Studies, 9(4): 465-471 

Prveen, Suman Kapoor and Achint Verma (2020)  ―Ecofriendly 

approach for the management of red pumpkin 

beetle,Raphidopalpa foveicollis (Coleoptera: Chrysomelidae) 

on ridge gourd.‖Journal of Entomological Research 44 (1): 55-

58. DOI: 10.5958/0974-4576.2020.00010.9. 

Kala S., N. Sogan, Prveen Verma, S.N. Naik,*, A. Agarwal, P.K. 

Patanjali, J. Kumar (2019) ―Nanoemulsion of cashew nut shell 

liquid bio-waste: Mosquito larvicidalactivity and insights on 

possible mode of action.‖South African Journal of Botany 127: 

293-300 doi.org/10.1016/j.sajb.2019.10.0060. 

Prveen and Suman Kapoor (2019) ―Relative toxicity of selected 

pesticides against Agrotis segetum, a pest of Luffa acutangula.‖ 

Journal of BIOGLOBIA 6(1): 37-39. 

 

https://doi.org/10.22271/23487941.2025.v12.i6a.870
https://doi.org/10.59436/jsiane.271.2583-2093
http://www.doi.org/10.59436/https:/jsiane.com/archives3/3/96
http://www.doi.org/10.59436/https:/jsiane.com/archives3/2/76

