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Background: Synergists in insecticide formulations requiring safer, eco-friendly to enhance
insecticide efficacy while reducing health risks and environmental impact. This study explores
vanillic acid-based nutraceutical ionic liquids (NILs) as sustainable synergists using the Active
Pharmaceutical Ingredient-Ionic Liquid (API-IL) concept.!

L‘ﬁ In silico
==
lonic Liquids ,,»
% I g = ,\I'nwtra
Synthesis &\gj In vivo Il. 5vnerglst

Methods: 10 novel ILs were synthesized in one pot reaction and evaluated for ecotoxicity against

bacteria and fungi. Their synergistic potential was assessed through in vitro enzyme inhibition of
Glutathione-S-Transferase (GST) and Esterase (EST). /n vivo synergism and efficacy against tolerant
Blattella germanica, was compared to a commercial synergist.

Results: 9 NILs (Out of 10 NILs) were harmless to bacteria and fungi. 2 In silico analysis using the
AquaBoxIL ® tool predicted quaternary ammonium ILs are more biodegradable. Our in vitro assays
revealed significant inhibitory activity of detoxification enzymes (GST, EST), both in its native form
and as NILs. On these insights, in vivo evaluations of 4 NILs and vanillic acid in Blattella germanica
revealed efficacy of 4 NILs (Out of 10 NILs) comparable to a commercially available synergist.
Conclusion: NILs enhance insecticide efficacy, reduce ecological risks, and enable novel ionic
liquids as synergists for insecticide formulations.
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