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ABSTRACT 

	Aims: The aim of the study was to evaluate the larvicidal potentials of H. suaveolens on Anopheles mosquito larvae.
Study design:  Experimental research work.
Place and Duration of Study: Leaves were collected from Ezza North and Ikwo Local Government Areas of Ebonyi State Nigeria. While the research was carried out at Applied Biology Departmental Laboratory of Ebinyi State University Abakaliki, International Centre for Ethnomedicine and Drug Development (InterCEDD) Nsukka, and Central Science laboratory of University of Nigeria Nsukka all in Nigeria, Between October 2023 to November 2024. .
Methodology: Leaves of the plant were collected, air-dried, grounded at the International Centre for Ethnomedicine and Drug Development (InterCEDD). The dried leaves were extracted using absolute ethanol and distilled water at different grammage of 300g/1500ml, 200g/1000ml, 100g/500ml, 50g/300ml. Phytochemical screening and Quantitative analysis of the plant leaves were done while Bioassay experiments were conducted with third- and fourth-instar Anopheles larvae at extract doses of 1 g and 2 g, monitored at five-minute intervals over 120 minutes. 
Results: The results revealed the presence of alkaloids, flavonoids, tannins, phenolics, terpenoids, steroids, and saponins. Quantitative analysis indicated particularly high concentrations of phenolics (8278 mg/100 g) and terpenoids (1324.26 mg/100 g). Results of Bioassay experiment showed dose- and time-dependent larval mortality, with ethanolic extracts achieving 100 % mortality within 45–60 minutes and significantly lower EC₅₀ values compared to aqueous extracts. 
Conclusion: These findings suggest that ethanol more effectively extracts hydrophobic bioactive compounds such as terpenoids and flavonoids responsible for larvicidal activity. This study underscores H. suaveolens as a potent, natural mosquito control agent, offering an eco-friendly alternative to synthetic insecticides.
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1. INTRODUCTION 

Over 50 species of the 500 species of Anopheles mosquitoes recognized globally are responsible for the transmission of malaria through the bites of infected female Anopheles spp. (Sanghong et al., 2015). Therefore, mitigation of mosquito bites represents one of the most effective strategies for decreasing the incidence of malaria (Soonwera, 2015; Asadollahi et al., 2019). The application of repellents to safeguard individuals from mosquito bites has been previously acknowledged as a component within a comprehensive integrated approach to insect-borne disease management (Amer and Mehlhorn, 2006). A majority of commercially available repellents are synthesized utilizing chemical compounds, including N, N-diethyl-meta-toluamide (DEET), Allethrin, N, N-diethyl mendelic acid amide, and Dimethyl phthalate (Alayo et al., 2015). It has been established that chemical repellents pose risks to public health and should be utilized judiciously due to their adverse effects on synthetic fabrics and plastics, as well as potential toxic reactions, including allergic responses, dermatitis, and cardiovascular and neurological side effects, which have been documented following improper application (Sanghong et al., 2015).
Hyptis is a genus belonging to the mint family (Lamiaceae), comprising approximately 300 species native to the tropical and subtropical regions of the Americas (Handayani, 2003; Quiroz, 2016). Hyptis suaveolens exhibits remarkable genetic polymorphism and morphological as well as physiological plasticity, traits that enable it adapt effectively to varying environmental conditions. This adaptability contributes to both inter- and intrapopulational diversity in its chemical constituents (Barbosa et al., 2013) and in floral and seed morphology (Gadidasu et al., 2011). Nonetheless, these variations are generally insufficient to warrant separate taxonomic classification (Gadidasu et al., 2011). The specie was first described in 1806 by the French botanist Pierre-Antoine Poiteau, and the Latin epithet suaveolens—meaning “sweet-scented”—alluding to its characteristic fragrance (Hyde et al., 2016).
Commonly known as Vilayati tulsi or bush mint, H. suaveolens (L.) Poit. is a suffrutescent perennial plant that thrives along roadsides (Mishra et al., 2021). Its stem is thick, quadrangular, and velvety, covered with long hairs and minute erect glandular dots. The leaves are simple, opposite, and decussate with petioles measuring 2–4 cm in length, supporting leaf blades 2–10 cm long and 4–6 cm wide, featuring irregular serrated margins and glandular hairs. The inflorescence consists of panicles or short umbels bearing 2–5 zygomorphic, blue-purplish flowers in axillary clusters. The campanulate calyx, 4–6 mm long, has five teeth, a glandular-pubescent surface, and ten distinct ribs. The corolla is bilabiate and blue, extending beyond the calyx tube (8–10 mm long). The lower lip is divided into three lobes, and the four didynamous stamens are inserted at the top of the corolla tube. The ovary is four-lobed with a slender style ending in a small bilobed stigma (Saha et al., 2017; Mishra et al., 2021).
Mosquito-borne diseases such as dengue, yellow fever, malaria, filariasis, and viral encephalitis continue to affect a significant proportion of the global population. Apart from disease transmission, mosquito bites can trigger allergic, localized, and systemic reactions. Extracts of H. suaveolens demonstrated notable larvicidal activity against the yellow fever mosquito (Aedes aegypti) and Aedes albopictus larvae, largely attributed to the presence of bioactive compounds such as α-pinene, β-pinene, sabinene, terpinolene, β-caryophyllene, and 4-terpineol (Conti Barbara et al., 2012). Tripathi and Upadhyay (2009) assessed the contact and fumigant toxicity, as well as the repellency, of H. suaveolens leaf essential oil against four stored-product coleopteran pests: Callosobruchus maculatus (Bruchidae), Rhyzopertha dominica (Bostrychidae), Sitophilus oryzae (Curculionidae), and Tribolium castaneum (Tenebrionidae). Gas chromatographic analysis identified four major constituents: sabinene (41.0 %), terpinen-4-ol (12.31%), β-pinene (10.0 %), and β-caryophyllene (8.0 %). The oil, tested at concentrations of 0.05–2.0 %, exhibited significant contact toxicity when topically applied to adult insects. Repellency, evaluated using an area preference test at concentrations of 0.4–18.3 mg/cm², ranged from 20.0 to 94.7 % within 5 hours, with C. maculatus being the most susceptible specie. Fumigant toxicity assays revealed LD₅₀ and LC₅₀ values of 57.0 μg/mg insect weight and 4.7 mg/L air, respectively, for C. maculatus. In another study, Conti et al. (2011) investigated essential oil (EO) extracted from fresh leaves of H. suaveolens and its major constituents for larvicidal and repellent effects against Aedes albopictus one of the most invasive mosquito species globally. The EO exhibited strong insecticidal activity, with mortality increasing proportionally to dosage. At concentrations of 400–450 ppm, larval mortality ranged from 93.33 % to 98.33 %, while lower concentrations (250–350 ppm) yielded moderately reduced but statistically comparable mortality rates. Among the identified compounds, terpinolene proved the most potent. Repellent efficacy of H. suaveolens EO, tested at 0.03748–0.7496 μg/cm², demonstrated significant protective action lasting 16–135 minutes, depending on concentration and exposure time. Though the efficacy of this plant extract on some other insects has been documented, information on its effect on Anopheles mosquito is limited. This present study therefore, evaluated the larvicidal potentials of H. suaveolens on Anopheles mosquito instar larvae.

2. MATERIALS and methods 

Collection of Plant Specimens
[bookmark: _Hlk215067038]Leaves of Hyptis suaveolens was collected from wild populations in the forested areas of Ezza North and Ikwo Local Government Areas of Ebonyi State using a snowballing approach. Specimens were identified by a plant taxonomist at the Department of Applied Biology, Faculty of Science, Ebonyi State University Abakaliki. Samples were transported in sterilized specimen bags to the Applied Biology Laboratory, Ebonyi State University, Abakaliki for analysis. Leaves were washed with tap water, air-dried at 36–37°C for five days, and subjected to a traditional confirmatory test which indicated potential residual effects against mosquitoe larvae.
Preparation of Plant Extracts
Dried leaves of H. suaveolens were ground into fine powder at the International Centre for Ethnomedicine and Drug Development (InterCEDD) Nsukka, in Enugu State, Nigeria and sieved through 1.0–1.5 mm mesh size. There hundred (300 g), 200 g, 100 g, and 50 g of the powder were measured and soaked separately in absolute ethanol and distilled water (1500, 1000, 500, and 300 ml) respectively for 48 hours with intermittent shaking. The mixtures were filtered through cheesecloth, and ethanol extracts were concentrated using a rotary evaporator at the Biochemistry Laboratory, Ebonyi State University. Aqueous extracts were lyophilized at the Central Science Laboratory, UNN, using a Lyovapor L-300 model at −4° C to obtain pure dry extracts.
Collection and Rearing of Mosquito Larvae
Anopheline larvae (3rd–4th instars) were collected between March and August 2024 from ditches within the PRESCO campus, Ebonyi State University, and its environs (temperature: 27–31° C and pH 7.1). Approximately 1000 larvae were identified based on long palps and black-and-white wing scales. Larvae were reared in plastic bowls covered with nets and fed with ground biscuit crumbs.
Larvicidal Bioassay of Hyptis suavoelens.
Bioassay experiments were conducted using 20 viable Anopheles larvae per replicate, in triplicate, for each extract concentration. Extracts (1–2 g) derived from varying dry leaf weights (300–50 g) were tested in 50 ml distilled water. Larval mortality was monitored at 5-minute intervals for one hour. Larvae were considered dead when no movement was observed. Mortality and resistance rates were calculated, and trials were repeated for solvent extracts of H. suaveolens. 
 Qualitative Phytochemical Screening of Hyptis suavoelens.
Phytochemical screening was performed following the methods of Harborne (1998), and Sofowora (2008).
· Alkaloids were identified using Dragendorff’s and Wagner’s tests.
· Flavonoids were detected via the aluminum chloride test.
· Tannins and phenolic compounds were determined using ferric chloride, lead acetate, and gelatin tests.
· Saponins were assessed through foaming and emulsion tests.
· Triterpenoids were detected using Salkowski’s test, while steroids were confirmed using Liebermann–Burchard’s test.
Quantitative Phytochemical Analysis of Hyptis suavoelens.
Five grams of the powdered material was exhaustively extracted with 80 % methanol by cold maceration for three days, and quantified using standard protocols as documented below.
· Total Phenolics: Determined using the Folin–Ciocalteu method (Galvão et al., 2018); absorbance measured at 550 nm and results expressed as mg/g gallic acid equivalents (GAE).
· Saponins: Quantified by vanillin–sulfuric acid assay at 527 nm (Le et al., 2019).
· Tannins: Estimated using the Van-Burden and Robinson (1981) method at 530 nm; expressed as mg tannic acid equivalents.
· Flavonoids: Determined by the method of Pallab et al. (2013) using NaNO₂–AlCl₃ reaction, measured at 510 nm and expressed as mg rutin equivalents.
· Alkaloids: Quantified following Harborne (1998) by sulfuric acid extraction; absorbance read at 490 nm and expressed as atropine equivalents.
· Steroids: Estimated using Zak (1954) at 540 nm and expressed as mg/g cholesterol.
· Terpenoids: Determined using Ghorai et al. (2012) with phosphomolybdic acid–H₂SO₄ method at 700 nm and expressed as Linalool equivalents.
Data/Statistical Analysis
[bookmark: _Hlk215071628]Data were analyzed using IBM SPSS (Version 24). Analysis of variance (ANOVA) was used to test variations among treatment groups. Larval mortality data were subjected to probit regression analysis following Finney (1971) to estimate LC₅₀ values and 95% confidence limits.

3. results and discussion

[bookmark: _Hlk215071986]Qualitative phytochemical analysis of the compounds indicated the presence of tannins, flavonoids, alkaloids, saponins, phenols, terpenoids and steroids in Hyptis suaveolens leaf extract (Table 1). The quantitative phytochemical analysis of Hyptis suaveolens showed the presence of different compounds with values ranging from 8278 ± 10.4 to 3.00 ± 0.17 in the order of phenolics, terpenoids, flavonoids, alkaloids, tannins, steroids and saponins as shown in the table below. The phytochemical composition of H. suaveolens suggests its potential as larvicidal agent against mosquito larvae and other insect pests. The high phenolic content observed in H. suaveolens suggests a stronger potential for insecticidal and oxidative stress-inducing effects in larvae. Phenolic compounds have been widely reported for their toxic effects on insect larvae, primarily by disrupting their enzymatic activity and physiological processes (Nnamani et al., 2008; Catelan et al., 2015). Phenolics act as oxidizing agents that generate reactive oxygen species (ROS), leading to oxidative stress, cell damage, and ultimately larval mortality. Studies have shown that phenolic-rich plant extracts effectively inhibit the development of mosquito larvae by affecting their metabolic pathways (Hillary et al., 2024).
Table 1: Phytochemical Composition of H. suavolens
	Tests
	Qualitative
	Quantitative (mg/100g)

	Phytochemicals
	Tannins
	+
	148.23 ± 5.96

	
	Flavonoids
	+
	192.38 ± 0.00

	
	Alkaloids
	+
	179.23 ± 18.93

	
	Saponins
	+
	3.00 ± 0.17

	
	Phenolics
	+
	8278 ± 10.4

	
	Terpenoids
	+
	1324.26 ± 26.2

	
	Steroids
	+
	6.26 ± 0.11


Key:  - = Absent; + = Present
Ethanolic leaf extracts of Hyptis suaveolens showed a dose-dependent mortality of third- and fourth-instar Anopheles mosquito larvae. Table 2 shows that the higher-concentration ethanol extracts especially at the 2 g dose killed all larvae within 45 to 60 minutes in most trials. The aqueous extracts, by contrast, worked much more slowly and less completely, topping out at around 75–85 % mortality even after two hours. Across board, the 2 g dose recorded higher mortality than the 1 g dose, and ethanol extracts consistently outperformed aqueous extracts at every concentration level. The time-dependent mortality observed, suggests that the extracts exhibit strong insecticidal activity, albeit with different efficacy patterns, suggesting their potential as botanical insecticides for mosquito control. The gradual increase in mortality followed by a peak and sharp decline suggests that both ethanol and aqueous extracts act quickly upon exposure but differ in their mode of action. Ethanolic extract exhibited faster onset and short-term efficacy, while aqueous extract appeared to exert a prolonged effect, reaching peak mortality at longer time. The higher concentration (2g dose) demonstrated greater mortality rates compared to the 1g dose, indicating a dose-dependent response, which aligns with previous studies on plant-based larvicides (Zuharah et al., 2021).
Several bioactive compounds identified in these extracts, have been documented in literature for their insecticidal and growth-inhibitory effects on mosquito larvae (Shaalan et al., 2005; Wink, 2020). More so, the observed effect could be in line with the fact that H. suaveolens contains potent insecticidal compounds mainly monoterpenes and sesquiterpenes in its essential oil. These are hydrophobic molecules (terpinolene, sabinene, β-pinene, and β-caryophyllene) that dissolve far better in organic solvents like ethanol than in water, and they're known for their strong larvicidal and repellent effects. Earlier work by Conti et al. (2012) reported high larval mortality and repellency from H. suaveolens essential oil and pinpointed these terpenoid compounds as the main active ingredients. The dose–response and time–mortality patterns we observed align well with what other plant-extract studies have reported (Ghosh et al., 2012). Because ethanol extracts performed so well, it makes sense to focus on formulations that concentrate the oil-soluble fraction, essential-oil concentrates or enriched terpene blends as the basis for botanical larvicides. More so, the study showcased the possibility of boosting stability and delivery using modern formulation techniques like nanoemulsions or micro-encapsulation, which have shown promise in improving H. suaveolens oil efficacy and would be worth pursuing for real-world applications (Peniche et al., 2022).
Table 2: Percentage mortality of H. suavolens extract against mosquito larvae
	Exposure (min)
	Ethanol Extract
	Aqueous extract

	
	50g/ 300ml
	100 g/500 ml
	200 g/1000 ml
	50g/ 300ml
	100 g/500 ml
	200 g/1000 ml

	
	1 g
	2 g
	1 g
	2 g
	1 g
	2 g
	1 g
	2 g
	1 g
	2 g
	1 g
	2 g

	5
	0.0
	3.3
	20.0
	30.0
	20.0
	33.3
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	10
	23.3
	33.3
	26.7
	40.0
	30.0
	40.0
	0.0
	0.0
	0.0
	0.0
	0.0
	5.0

	15
	36.7
	53.3
	46.7
	63.3
	50.0
	53.3
	10.0
	0.0
	15.0
	10.0
	20.0
	15.0

	25
	50.0
	73.3
	56.7
	70.0
	70.0
	63.3
	25.0
	10.0
	40.0
	15.0
	30.0
	20.0

	30
	73.3
	86.7
	66.7
	73.3
	93.3
	80.0
	45.0
	15.0
	55.0
	25.0
	35.0
	35.0

	45
	86.7
	96.7
	93.3
	86.7
	100.0
	100.0
	45.0
	30.0
	55.0
	40.0
	45.0
	45.0

	60
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	60.0
	45.0
	70.0
	55.0
	55.0
	65.0

	75
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	60.0
	45.0
	70.0
	60.0
	60.0
	70.0

	90
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	65.0
	55.0
	80.0
	65.0
	65.0
	80.0

	105
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	65.0
	55.0
	80.0
	75.0
	70.0
	80.0

	120
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	75.0
	75.0
	85.0
	85.0
	75.0
	80.0



The probit analysis of effective concentration values (EC50) for H. suaveolens extracts highlighted their relative larvicidal potency against mosquito larvae (Table 3). The EC50 value, which represents the concentration required to achieve 50 % larval mortality, serves as a key indicator of larvicidal strength (Ganesan et al., 2023). Lower EC50 values indicate higher potency, as smaller quantities of the extract are needed to exert lethal effects. The ethanolic extracts of H. suaveolens exhibited exceptionally low EC50 values, highlighting their high potency. This suggests that even at very low concentrations, H. suaveolens is capable of inducing significant mosquito larval mortality. The enhanced potency of ethanolic extracts can be attributed to higher solubility of their active phytochemicals, such as alkaloids, phenolics, flavonoids, and terpenoids, which play crucial roles in larvicidal activity (Fongang et al., 2021; Lee et al., 2024). In contrast, the aqueous extracts exhibited much higher EC50 values, indicating lower larvicidal potency. This suggests that substantially higher concentrations of aqueous extract are required to achieve comparable larvicidal effects. This discrepancy could be due to lower bioavailability of active compounds or weaker modes of action (Hu et al., 2023; Nicolescu et al., 2023). The superior efficacy of Hyptis suaveolens ethanolic extracts compared to their aqueous counterparts underscores the critical role of extraction solvent in determining the potency of botanical larvicides. Ethanol, being an intermediate-polarity solvent, is capable of dissolving both polar and non-polar phytochemicals, thereby maximizing the yield of bioactive compounds such as flavonoids, alkaloids, terpenoids, and phenolics. These compounds have well-documented ‘larvicidal properties, acting through multiple mechanisms including neurotoxicity, hormonal interference, and oxidative stress induction. This broad-spectrum phytochemical extraction explains why H. suaveolens ethanolic extracts produced lower EC₅₀ values demonstrating high potency at relatively low concentrations. This finding is consistent with previous research where ethanolic extracts of other larvicidal plants, such as Azadirachta indica, were found to exhibit significantly enhanced insecticidal activity compared to aqueous extracts (Manzano et al., 2020). In contrast, aqueous extracts of H. suaveolens, though less potent than ethanolic extracts, still showed considerable larvicidal activity, as evidenced by their relatively low EC₅₀. This suggests that H. suaveolens also contains a sufficient proportion of water-soluble bioactive compounds such as phenolics and saponins that can exert larvicidal effects even in the absence of ethanol. These findings have practical implications, especially in resource-limited settings where ethanol extraction may not be feasible. The ability of aqueous extracts to cause significant larval mortality indicates that H. suaveolens could serve as an accessible and cost-effective mosquito control agent, aligning with integrated pest management strategies in low-income regions.
Table 3: Probit evaluation of H. suaveolens extract for the effective concentration (EC50)
	Concentration
	Ethanolic Extract
	Aqueous Extract

	
	1 g
	2 g
	1 g
	2 g

	
	Log10
	Probit
	Log10
	Probit
	Log10
	Probit
	Log10
	Probit

	0.33
	-0.4815
	6.13
	-0.1739
	6.13
	-0.4815
	5.39
	-0.1739
	5.13

	0.2
	-0.699
	6.48
	-0.3979
	5.61
	-0.699
	5.84
	-0.3979
	5.39

	0.1
	-1
	7.33
	-0.699
	5.84
	-1
	5.52
	-0.699
	5.84

	0.07
	-1.1549
	7.33
	-0.8861
	7.33
	-1.1549
	7.33
	-0.8861
	6.28




4. Conclusion

This study demonstrated that ethanolic and aqueous leaf extracts of Hyptis suaveolens possess significant larvicidal activity against Anopheles mosquito larvae, with efficacy dependent on concentration, solvent type, and exposure time. The ethanolic extracts exhibited the higher larvicidal potency, achieving 100 % mortality within 60 minutes at higher concentrations, and demonstrated markedly lower EC₅₀ values than aqueous extracts. Phytochemical analyses revealed abundant terpenoids, phenolics, flavonoids, and alkaloids compounds known for their insecticidal, oxidative, and neurotoxic effects on mosquito larvae. The findings highlight H. suaveolens as a promising botanical alternative to synthetic larvicides, offering potential for environmentally safe mosquito control.

[bookmark: _GoBack]
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