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Abstract
Entomotherapy, the medicinal use of insects, has deep roots in traditional practices but remains scientifically underexplored. This study investigated the bioactive metabolite profile of the edible beetle Cybister tripunctatus, traditionally consumed and used in folk medicine in Manipur, India. GC-MS and LC-MS analyses revealed the presence of several pharmacologically important bioactive compounds such as n-hexadecanoic acid, oleic acid, heneicosane,  pentanoic acid, 5-hydroxy-, 2,4-di-t-butylphenyl esters, 2-methylhexacosane,  11-amino-undecanoic acid, thiamylal, tricosane, hexadecanoic acid, methyl ester, 9-octadecenoic acid (Z)-,methyl ester, tetracosane, and laurolitsine. These bioactive metabolites are associated with antioxidant, antimicrobial, anti-inflammatory, wound-healing, and anticancer properties. The findings provides the preliminary scientific validation of the ethno-medicinal significance of C. tripunctatus and underscore its potential as a nutraceutical and natural therapeutic resource. Further bioassays and molecular studies are necessary to confirm its pharmaceutical applications and promote its integration into modern healthcare and functional food systems.
Keywords: Entomotherapy, nutraceuticals, antioxidant, anti-inflammatory, ethno-medicine
Introduction
Entomotherapy, the use of insects for medicinal purposes has been practiced for centuries across diverse cultures. Rooted in indigenous knowledge systems, it is now attracting scientific attention for its potential to provide sustainable, affordable, and culturally relevant alternatives to conventional pharmaceuticals (Costa-Neto, 2005). Previous studies have highlighted that edible insects are rich in protein, fatty acids, vitamins, and minerals, making them an alternative nutritious food source that can contribute to addressing global food security challenges (Kouřimská & Adámková, 2016; Sanjenbam et al., 2024). Beyond their nutritional value, insects are also known for its bioactive compounds having antioxidant, antimicrobial, and anti-inflammatory properties, positioning them as promising and potential candidates for the development of functional foods and natural therapeutics (Huis et al., 2013; Sanjenbam et al., 2025).
Among the diverse groups of edible insects, beetles from the genus Cybister, commonly referred to as diving beetles, have traditionally been consumed in regions of Asia and Africa for their nutritional and ethno-medicinal value. In Manipur, India, indigenous communities have long used edible insects such as C. tripunctatus in folk medicine to treat fevers, allergy, coughs, small pox, wounds, and digestive ailments, often preparing them by roasting or frying them for consumption (Devi et al., 2022; Lukhoi Singh, 2014; Singh et al., 2023). Other insects are also used in traditional medicine; for example, Apis mellifera and Apis dorsata are used by different tribes of Manipur to treat coughs, sore throat, and mouth ulcers (Devi et al., 2022).
Despite their cultural relevance and bioactive richness, the therapeutic potential of edible beetle, C. tripunctatus remains underexplored due to societal stigma, regulatory limitations, and lack of proper scientific documentation. Nonetheless, recent research on edible insects from various North eastern states of India has revealed the presence of bioactive metabolites with antioxidant, antibacterial, anti-inflammatory, and even anticancer properties (Bonysana et al., 2024; Sanjenbam et al., 2025). These findings highlight the importance of advancing entomo-therapeutic research in biodiversity rich regions like Northeast India, where traditional knowledge continues to play an important role in healthcare practices. With this background, the present study investigates the bioactive compounds profiling of C. tripunctatus using analytical techniques, such as GC-MS and LC-MS, to evaluate its pharmaceutical significance and potential applications as a nutraceutical agent.
Materials and methods
Sample Collection
Specimens of C. tripunctatus were collected from various market across valley districts of Manipur, including Thangal Bazar, Nagaram Village, Bishnupur Bazar, Toubul, and Ithai during July 2024. C. tripunctatus also locally known as Tharaikokpi or Tengbi, the beetles were acquired fresh and immediately transported to the laboratory for processing. Each sample was washed thoroughly to remove contaminants and subsequently homogenized using a mortar and pestle to obtain a smooth, uniform paste for extraction.
Preparation of C. tripunctatus extracts 
20 g of co-homogenized C. tripunctatus samples were prepared using 100 ml each of HPLC grade (Sigma-Aldrich, USA) chloroform and methanol solvents and then transferred to clean glass vials. The solvents were decanted and replaced with fresh solvents every 2 hours, repeating the process 3 times, until the solvent color was stabilized, followed by a final overnight soak in a refrigerator  at 4⁰C. The solvent extracts were filtered through a Whatman No. 1 filter paper. The resulting filtrates were concentrated using a rotary evaporator (Buchi, Flawil, Switzerland) at 40⁰C and 150 mb pressure to remove residual solvents. 1.0 g of the dried extract was re-dissolved in 10 ml of the respective solvent and transferred into pre-weight glass vials and stored at -20⁰C in a freezer for further use. 
C. tripunctatus extracts- Liquid Chromatography-Mass Spectrometry (LC-MS) analysis 
The bioactive compounds of the methanol and chloroform extracts of C. tripunctatus were screened using LC-MS on an Agilent 1260 Infinity II/LC-MSDiQ system, following the protocols prescribed by Nongmaithem et al. (2017) and Ngangbam et al. (2024). The chromatographic separation was carried out on a 2.1 × 50 mm C18 column, with a linear gradient over 7 min from 5:95 to 95:5 acetonitrile/water containing 0.1% formic acid. Mass spectrometry data were carried out in both ESI+ and ESI- ionization modes within a mass range of 100-800 m/z. The injection volume for all samples was maintained at 10μL. The chromatogram spectral data were analyzed using the Agilent ChemStation software and the identification of the resulting compounds was matched against the predicted chemical formulae in the National Library of Medicine, USA. 

C. tripunctatus extracts- Gas Chromatography-Mass Spectrometry (GC-MS) analysis 
The volatile compounds were analyzed using GC-MS on an Agilent 7890A GC coupled with an MS (5877B VL MSD, Agilent Technologies) as per the protocols outlined by Nongmaithem et al. (2017). The initial column temperature was programmed at 40⁰C for 5 min, then increased to 120⁰C at a rate of 3⁰C/min for 2 min, and finally increased at a ramp rate of 250⁰C (8⁰C/m) for 10 min. The total analytical run was 50 min. The resulting compounds were identified based on the library databases updated by the National Institute of Standards and Technology (NIST). 
Results and Discussion
The chemical profiling of C. tripunctatus extracts from Manipur using GC-MS and LC-MS revealed a wide spectrum of bioactive metabolites with significant pharmacological potential (Tables 1–4).
GC-MS analysis of the chloroform extract of C. tripunctatus revealed the presence of major compounds such as n-hexadecanoic acid, oleic acid, and heneicosane and showed strong anti-inflammatory, antimicrobial, and antioxidant activities (Afolayan et al., 2024; Aparna et al., 2012). Oleic acid detected during this study exhibited wound healing and anticancer properties (Deng et al., 2023; Dubey et al., 2016). Heneicosane which was also detected in the chloroform extract of C. tripunctatus, showed strong antimicrobial activities (Vanitha et al., 2020). Other long-chain alkanes such as docosane, tetracosane, pentacosane, hexacosane, heptacosane contributed to antimicrobial, apoptosis-inducing, and cytotoxic activities (Aadesariya et al., 2018; Mihailovi et al., 2011; Sivakumar et al., 2011). 2-Methylhexacosane	detected during this study, are also known to have antibacterial and anti-inflammatory properties (Zayed et al., 2025).  Pentanoic acid, 5-hydroxy-, 2,4-di-t-butylphenyl esters detected during this study has the potential use in vector control for  Aedes vittatus, Anopheles subpictus and Culex vishnui (Mohan et al., 2023)  (Table 1).

	Sl. No.
	Compound Name
	Chemical Formula
	Major ion m/z
	Retention Time 
	Bioactive properties or uses
	References

	1
	n-hexadecanoic acid
	C16H32O2
	227.20; 256.23
	32.8
	Anti-inflammatory, Antimicrobial,  Antioxidant, Anticancer, Antimalarial
	Afolayan et al., 2024; Aparna et al., 2012

	2
	Heneicosane
	C21H44
	296.08, 282.11
	35.15
	Anti-inflammatory, Antimicrobial
	Vanitha et al., 2020

	3
	Oleic Acid 
	C18H34O2
	282, 264
	36.25
	Antimicrobial, Anti-inflammatory  Antioxidant 
	Deng et al., 2023; Dubey et al., 2016

	4
	Docosane
	C22H46
	 
	36.8
	Antimicrobial
	Aadesariya et al., 2018

	5
	Tricosane
	C23H48
	 
	38.45
	NA
	NA

	6
	Pentanoic acid, 5-hydroxy-, 2,4-di-t-butylphenyl esters
	C19H30O3
	206.16, 220.17
	37.583
	Vector control
	Mohan et al., 2023

	7
	Tetracosane
	C24H50 
	 
	40.117
	Antibacterial, Antioxidant
	Mihailovi et al., 2011

	8
	Pentacosane
	C25H52
	352, 338
	41.767
	Antimicrobial, Anticancer
	Aadesariya et al., 2018

	9
	Hexacosane
	C26H54
	366, 352
	43.433
	Antimicrobial
	Aadesariya et al., 2018

	10
	Heptacosane
	C27H56
	 
	45.083
	Cytoxity
	Sivakumar et al., 2011

	11
	2-Methylhexacosane
	C27H56
	380, 366
	44.017
	Antimicrobial, Anti-inflammatory
	Zayed et al., 2025


Table 1. Bioactive compounds identified from C. tripunctatus chloroform extract by GC-MS.

GC-MS analysis of the methanol extract of C. tripunctatus also showed the presence of various bioactive compounds with medicinal importance. Interestingly, hexadecanoic acid, methyl ester was detected, a bioactive metabolite with antimicrobial properties (Shaaban et al., 2021).   9-Octadecenoic acid (Z)-,methyl ester detected in this study also showed strong antimicrobial  activities (Suresh et al., 2014). Additional fatty acid esters and phenolic derivatives provided evidence for anti-inflammatory, antifungal, anticancer, and neuroprotective mechanisms (Shaaban et al., 2021; Mazumder et al., 2020) (Table 2).



Table 2. Bioactive compounds identified from C. tripunctatus methanol extract by GC-MS.
	Sl. No.
	Compound Name
	Chemical Formula
	Retention Time 
	Bioactive properties 
	References

	1
	Hexadecanoic acid, methyl ester
	C17H34O2
	31.3
	Antimicrobial,  
	Shaaban et al., 2021

	2
	9-Octadecenoic acid (Z)-,methyl ester
	C19H36O2
	34.75
	Antimicrobial
	Suresh et al., 2014

	3
	Silane,diethylheptyloxy octadecyloxy
	C29H62O2Si
	49.433
	NA
	NA

	4
	Phenol, 2,4-bis(1,1-dimethylethyl)-,phosphite (3:1)
	C42H63O3P
	 
72.6
	NA
	NA


LC-MS analysis of the chloroform extract of C. tripunctatus, further revealed the presence of pharmacologically relevant bioactive metabolites. Compounds such as phosphatidylethanolamine (PE(14:0/18:4(6Z,9Z,12Z,15Z)) are known to  promote interleukin-1 (IL-1) -mediated prostaglandin E2 (PGE2) secretion and also  known to be  associated with anti-inflammatory activities (Nichols et al., 2006), while thiamylal showed anaesthetic activity (Ishida et al., 2020) (Table 3). 
Table 3. Bioactive compounds identified from C. tripunctatus chloroform extract by LC-MS.
	Sl. No.
	Compound Name
	Chemical Formula
	Major ion m/z
	Retention Time 
	Bioactive properties 
	References

	1
	PE(14:0/18:4(6Z,9Z,12Z,15Z))
	C37H66NO8P
	701.4871
	9.49
	Anti-inflammatory
	Nichols et al., 2006

	2
	11-amino-undecanoic acid
	C11H23NO2
	202.1795
	10.082
	NA
	NA

	3
	Thiamylal
	C12H18N2OS
	272.1423
	10.163
	Anaesthetic
	 Ishida et al., 2020




In the LC-MS methanol extract of C. tripunctatus, laurolitsine was identified as a major alkaloid (m/z 336.1214, Rt 11.9 min). Laurolitsine is well-known for its antidiabetic, antioxidant, anti-inflammatory, antibacterial, and potential anticancer activities (Tan et al., 2021). Another phospholipid derivative, PE (14:0/14:1(9Z)), was also detected, though its bioactivity remains unexplored (Table 4). 
Table 4. Bioactive compounds identified from C. tripunctatus methanol extract by LC-MS.
	Sl. No.
	Compound Name
	Chemical Formula
	Major ion m/z
	Retention Time 
	Bioactive properties or uses
	References

	1
	Laurolitsine
	C₁₈H₂₁NO₃
	336.1214
	11.9
	Antioxidant, Anti-inflammatory, Antibacterial
	 Tan et al., 2021

	2
	PE(14:0/14:1(9Z))
	C33H64NO8P 
	633.4385
	21.514
	NA
	NA


The traditional ethno-medicinal use of C. tripunctatus species in Manipur for treating several human ailments is thus corroborated by these biochemical insights (Singh et al., 2023). This integrative evidence highlights the importance of advancing both biochemical characterization and clinical validation, while also emphasizing the need for conservation and systematic study of entomo-therapeutic resources in Manipur, India.
Conclusion
This study demonstrates that C. tripunctatus, a traditionally consumed beetle in Manipur, contains several bioactive metabolites. The bioactive compounds detected showed notable pharmacological activities including antioxidant, antimicrobial, anti-inflammatory, wound-healing, and anticancer properties. These findings provides the preliminary scientific validation of its ethno-medicinal relevance and highlight its potential as a source of nutraceuticals and natural therapeutics. Further research involving bioactive compounds quantification, bioassays and toxicity evaluations will be essential to establish its therapeutic applications and promote the integration of insect-based resources into modern healthcare and functional food development.
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