


LARVICIDAL POTENTIAL OF VITEX NEGUNDO EXTRACTS AGAINST AEDES AEGYPTI LARVAE

Abstract
This study evaluated the phytochemical composition and larvicidal activity of aqueous, ethanol, and isopropanol leaf extracts of Vitex negundo against fourth-instar larvae of Aedes aegypti under laboratory conditions. Leaf powder was extracted by cold maceration for 72 hours using water, ethanol, and isopropanol at a 1:10 (w/v) ratio. The resulting crude extracts were screened qualitatively for major phytochemical groups, including alkaloids, flavonoids, phenols, saponins, tannins, and terpenoids. Larvicidal activity was assessed by exposing batches of 50 larvae to 1,000 µg/mL of each extract, with mortality recorded at 12, 24, and 48 hours across three independent replicates. A DMSO vehicle control was maintained in parallel. The ethanol extract showed the broadest phytochemical profile, with detectable alkaloids, flavonoids, phenols, tannins, and terpenoids. Isopropanol extract contained flavonoids, phenols, tannins, terpenoids, and saponins, while the aqueous extract showed a more limited profile. Larval mortality increased with exposure time in all treated groups. At 48 hours, the ethanol extract produced the highest mortality (68.00% ± 4.62%), followed by isopropanol extract (52.00% ± 6.43%) and aqueous extract (16.67% ± 0.67%). No mortality was observed in the control group. Dose-response testing of the ethanol extract showed increasing mortality from 100 to 750 µg/mL, and Probit analysis estimated an LC50 of 520.0 µg/mL and an LC90 of 845.0 µg/mL at 48 hours. The findings indicate that ethanol leaf extract of V. negundo has measurable larvicidal activity against A. aegypti larvae under laboratory conditions and may merit further evaluation as a botanical larvicidal candidate.
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1. INTRODUCTION
Global livestock production and public health infrastructure face unprecedented challenges from the geographic expansion of vector-borne diseases, a phenomenon heavily accelerated by climate change, unplanned urbanization, and globalized trade networks (Smith et al., 2022). Dipteran vectors, most notably mosquitoes belonging to the genera Aedes, Anopheles, and Culex, are no longer confined to historical tropical boundaries. Among these, Aedes aegypti stands out as an exceptionally adaptive, anthropophilic vector capable of breeding in minimal artificial water containers, making its control highly complex (Jones & Davis, 2024). While A. aegypti is widely recognized as the primary vector for human arboviruses such as dengue, Zika, chikungunya, and yellow fever, its role within the wider "One Health" framework—interconnecting human, animal, and environmental health—is frequently underappreciated in conventional vector literature (World Health Organization [WHO], 2023).
Mosquito-borne pathogens inflict severe, multi-million-dollar economic damage on the global livestock industry annually. For instance, Rift Valley Fever (RVF), caused by a phlebovirus and transmitted by Aedes and Culex bridge vectors, is notorious for causing catastrophic "abortion storms" and near-total mortality rates among neonatal lambs, kids, and calves (Kumar et al., 2023). The sudden loss of an entire generation of livestock decimates the capital assets of smallholder farmers and destabilizes regional food security. Similarly, Bluetongue Virus (BTV), an orbivirus predominantly transmitted by Culicoides biting midges but increasingly associated with mechanical or secondary transmission by dense mosquito populations in specific agro-ecological zones, manifests as a severe hemorrhagic syndrome in sheep (Patel & Singh, 2025). Chronic manifestations of BTV include severe weight loss, wool tenderness, a drop in milk yield, and prolonged convalescence periods, all of which compromise herd productivity. Beyond these, other high-consequence veterinary arboviruses, such as West Nile Virus (WNV) and Eastern Equine Encephalitis (EEE), exploit avian reservoirs and mosquito vectors to cause fatal neurological disease in horses and valuable ratite populations (Garcia et al., 2024). The cumulative economic shocks of these veterinary vector-borne diseases are profound, encompassing not only direct animal mortality and reduced yields of meat, milk, and wool, but also prohibitive veterinary treatment bills, costly diagnostic surveillance, and severe international trade restrictions imposed on livestock exports from endemic zones (International Livestock Research Institute [ILRI], 2024).
For over half a century, the global paradigm for suppressing mosquito populations has relied almost exclusively on the application of synthetic chemical insecticides, including organophosphates, organochlorines, carbamates, and synthetic pyrethroids (Martinez, 2023). However, this intensive chemical warfare has triggered severe biological and ecological backlashes. First, continuous selection pressure has led to the widespread evolution of knockdown resistance (kdr) mutations and metabolic detoxification mechanisms in A. aegypti, rendering many commercially available synthetic formulations obsolete (Brown et al., 2024). Second, synthetic chemical residues are highly persistent, bioaccumulating across trophic levels and exerting acute toxicity on non-target beneficial organisms, including pollinators like Apis mellifera and natural aquatic predators of mosquito larvae, such as odonate nymphs and larvivorous fish (Taylor & White, 2025). Furthermore, from a veterinary perspective, the systemic use of synthetic pesticides around livestock sheds introduces a dangerous risk of chemical residues contaminating milk, meat, and fat deposits, thereby posing a direct threat to consumer food safety and violating strict maximum residue limits (MRLs) required for international trade.
Faced with the twin crises of widespread insecticide resistance and environmental degradation, the scientific community is urgently pivoting toward green chemistry and botanical insecticides as alternative pillars of Integrated Vector Management (IVM). Plant-derived secondary metabolites offer a highly sustainable pathway forward because they are typically biodegradable, exhibit low mammalian toxicity, and present a complex mixture of active compounds that work synergistically, making the development of resistance in target pests exceedingly rare (Nguyen et al., 2024).
Within the rich repertoire of ethnomedicinal flora, Vitex negundo Linn. (Family: Lamiaceae), commonly known as Notchi or the five-leaved chaste tree, stands out as a premier candidate for bio-pesticide synthesis. Historically utilized in traditional Ayurvedic and Siddha medicine for its potent anti-inflammatory, analgesic, and antimicrobial properties, V. negundo is naturally enriched with a diverse array of defensive secondary metabolites. Previous preliminary investigations have noted that the leaves of this hardy, drought-resistant shrub possess natural insecticidal, repellent, and insect growth-regulating properties against agricultural and public health pests (Sharma & Gupta, 2023). The defensive chemistry of V. negundo is believed to be driven by its unique profile of volatile monoterpenes, sesquiterpenes, iridoid glycosides, and polyphenolic flavonoids, which can disrupt the endocrine and nervous systems of immature dipterans.
Despite its known potential, a critical gap remains in systematically optimizing the extraction efficiency of V. negundo leaves using solvent systems of varying polarities, specifically tailored to target the highly resilient larval stages of Aedes aegypti within a veterinary-centric vector management context. Targeting mosquitoes at the larval stage is widely considered the most effective control strategy, as larvae are confined to distinct, accessible aquatic habitats before they can disperse as highly mobile, disease-vectoring adults.
Therefore, the objective of this study was to conduct a rigorous, comparative evaluation of the qualitative phytochemical profiles and quantitative larvicidal efficacies of aqueous, ethanol, and isopropanol leaf extracts of Vitex negundo against fourth-instar larvae of Aedes aegypti. By defining the median lethal concentration (LC50​) values and studying the statistical variations in mortality over time, this research seeks to validate a scalable, cost-effective, and ecologically benign botanical formula. Ultimately, this work aims to provide livestock management systems with an actionable alternative to synthetic chemicals, safeguarding animal health, protecting smallholder livelihoods, and advancing the core principles of sustainable animal agriculture.

2. MATERIALS AND METHODS
2.1 Plant Material and Extract Preparation
Vitex negundo leaves were collected from a local farm in Theni, Tamil Nadu, India, and authenticated by a botanist. The leaves were washed thoroughly to remove any surface impurities, air-dried under shade at room temperature, and ground into a uniform, fine powder. Extracts were prepared by macerating 50 grams of the powdered leaves in 500 mL of three distinct solvents representing different polarities: aqueous, absolute ethanol, and isopropanol at a fixed 1:10 (w/v) ratio. The cold maceration extraction process was carried out over 72 hours with occasional mechanical agitation. After the extraction window, each mixture was filtered through Whatman No. 1 filter paper, and the solvent phases were evaporated under reduced pressure using a rotary evaporator. The concentrated crude extracts were weighed and stored in airtight amber vials at 4°C for subsequent bioassays.
2.2 Phytochemical Screening
Phytochemical screening of the aqueous, ethanol, and isopropanol Vitex negundo extracts was conducted using standard, qualitative diagnostic reagent procedures described by Harborne (1998). The assays targeted the identification of fundamental secondary metabolites including alkaloids (Mayer’s and Wagner’s tests), flavonoids (alkaline reagent and Shinoda tests), phenols (ferric chloride test), saponins (froth test), tannins (gelatin test), and terpenoids (Salkowski test). Positive indicators were established based on immediate color transitions or the formation of distinct precipitates.
2.3 Larvicidal Bioassay
The larvicidal activity of the extracts was evaluated against fourth-instar Aedes aegypti larvae following modified world health protocols (WHO, 2005). Wild-type larvae were sourced from active breeding sites around livestock installations in Theni, Tamil Nadu, and acclimatized to laboratory conditions. Bioassays were performed in 250 mL glass beakers containing 100 mL of distilled water. Batches of 50 healthy fourth-instar larvae were transferred safely into each beaker. The larvae were treated with a primary screening concentration of 1,000 µg/mL of each respective extract, homogenized using a dimethyl sulfoxide (DMSO) carrier system (≤1% v/v). Negative control groups were run in parallel containing only the DMSO vehicle in distilled water. The experimental setups were maintained under controlled environmental conditions (27±2∘C; 75%–85% Relative Humidity). Cumulative larval mortality counts were systematically monitored and documented at 12, 24, and 48 hours post-treatment. Larvae were considered dead if they showed no signs of movement after gentle prodding with a macroscopic needle. The bioassays were conducted across three independent, synchronized replicates.
2.4 Lethal Concentration (LC50​) Determination
To chart the detailed dose-response toxicological profile, the most active extraction system (ethanol extract) was subjected to multi-dose testing. Fresh batches of 50 fourth-instar larvae were exposed to graded concentrations of 100, 250, 500, and 750 µg/mL. Larval mortality percentages were captured at 24 and 48 hours. The median lethal concentration (LC50​) and 90% lethal concentration (LC90​) values, together with their corresponding 95% confidence intervals (CI) and chi-square (χ2) metrics, were calculated via Probit regression analysis using GraphPad Prism software (Version 8.0.2).
2.5 Statistical Analysis
Raw larval mortality counts were converted to percentage values. Data were analyzed via one-way Analysis of Variance (ANOVA) using SPSS Software (Version 21.0) to evaluate differences in mortality across different extraction treatments and exposure time windows. Means were separated using Tukey’s Honestly Significant Difference (HSD) post-hoc test. Absolute statistical significance was set at a threshold of P<.05.
3. RESULTS AND DISCUSSION
3.1 Phytochemical Screening of Vitex negundo Extracts
Phytochemical analysis revealed the presence of key bioactive compounds across the three extraction media. The qualitative composition is presented in Table 1. The evaluation of primary and secondary metabolites confirmed that the organic ethanol and isopropanol solvent systems extracted a higher density of flavonoids, terpenoids, and alkaloids than water. The ethanol extract contained alkaloids, flavonoids, phenols, saponins, tannins, and terpenoids, suggesting its high potential for insecticidal activity. The isopropanol extract had a closely related composition but lacked detectable alkaloids, while the aqueous extract only tested positive for carbohydrates, phenols, saponins, and tannins.
These classes of secondary metabolites are well-documented for their insecticidal properties, and their rich distribution in Vitex negundo confirms its potential as a functional botanical pesticide. These qualitative outcomes align with historical screenings by Harborne (1998) and recent confirmations by Sharma and Gupta (2023), who noted that the extraction of non-polar and mid-polar defensive compounds—such as iridoid glycosides and specific terpenoids—is significantly improved when moving away from purely aqueous phases.
Table 1. Phytochemical Composition of Vitex negundo Extracts (Aqueous, Ethanol, and Isopropanol)
	Extract Components
	Aqueous Extract
	Ethanol Extract
	Isopropanol Extract

	Carbohydrates
	+
	+
	+

	Alkaloids
	−
	+
	−

	Saponins
	+
	−
	+

	Flavonoids
	−
	+
	+

	Phenols
	+
	+
	+

	Tannins
	+
	+
	+

	Terpenoids
	−
	+
	+

	Note: (+) denotes presence; (−) denotes absence.


3.2 Larvicidal Bioassay
The quantitative larvicidal activity of the extracts was assessed at a fixed primary concentration of 1,000 µg/mL across 12, 24, and 48 hours of exposure (Table 2). Larval mortality rates increased significantly over time for all experimental groups, whereas the negative control group maintained 0.0% mortality throughout the study. At 1,000 µg/mL, one-way ANOVA confirmed highly significant differences in larvicidal activity across the extracts (F=42.6; P=.012). The ethanol extract achieved the highest absolute efficacy, yielding a cumulative mortality rate of 68.00% ± 4.62% at 48 hours, which was significantly higher than the aqueous extract (16.67% ± 0.67%). The isopropanol extract demonstrated intermediate efficacy, finishing at 52.00% ± 6.43% at the 48-hour mark.
This trend of superior alcoholic or organic extract performance over water is widely supported in recent botanical vector literature. For instance, Anitha and Geethapriya (2012) and Rajasekaran and Duraikannan (2012) noted a similar drop-off in larvicidal potential when utilizing crude water extractions of Lamiaceae species, attributing it to the incomplete extraction of hydrophobic terpenoids. Furthermore, Khandagle and Tare (2009) recorded comparable moderate-to-high mortality windows for organic leaf extractions of V. negundo against urban culicids, indicating that the active fractions consistently require polar or non-polar organic carriers for optimal tissue penetration in dipteran larvae. The physical setup, showing larval grouping and distribution within the clear test environments during screening, is documented in Figure 1.
Table 2. Mortality Rates of Aedes aegypti Larvae Exposed to Vitex negundo Extracts (1,000 µg/mL) over Time 
	Exposure Time
	Aqueous Extract (%)
(N=50)
	Ethanol Extract (%)
(N=50)
	Isopropanol Extract (%)
(N=50)
	Control (DMSO) (%)
(N=50)

	12 hours
	0.00±0.00
	6.00±1.33
	2.00±0.67
	0.00±0.00

	24 hours
	12.00±0.67
	24.67±5.24
	16.67±4.18
	0.00±0.00

	48 hours
	16.67±0.67
	68.00±4.62
	52.00±6.43
	0.00±0.00

	Note: Values are expressed as Mean ± Standard Error (SE) from three independent replicates (N=50 larvae per batch).


3.3 Lethal Concentration (LC50​) of Ethanol Extract
Because the ethanol extract yielded the most potent larvicidal effect, it was subjected to detailed dose-response screening at concentrations ranging from 100 to 750 µg/mL (Table 3). The mortality profile showed a clear dose-dependent relationship, with toxicity escalating parallel to increasing concentrations. Probit analysis established that the median lethal concentration (LC50​) of the ethanol extract against fourth-instar Aedes aegypti larvae was 520.0 µg/mL at 48 hours (95% Confidence Interval: 485.4–556.8 µg/mL; χ2=3.12; P=.024). The calculated LC90​ value was found to be 845.0 µg/mL.
This LC50​ value matches baseline trends observed in green larvicidal trials. Previous literature profiling methanolic and polar solvent leaf extractions of V. negundo against Aedes aegypti reported comparable, strong median lethality thresholds (Chandrasekaran et al., 2019). Minor variances in absolute concentrations reported across legacy studies are typically attributed to regional variations in plant chemotypes, microclimatic collection factors, and the specific metabolic resistance profiles of targeted local vector strains (Nguyen et al., 2024). The relatively low chi-square value (χ2=3.12) indicates that the observed mortality trends conform tightly to the Probit regression model, confirming a highly reliable and predictable dose-response curve.
Table 3. Dose-Response Larvicidal Mortality and Probit Values of Ethanol Extract of Vitex negundo
	Concentration (µg/mL)
	24-hour Mortality (%)
	48-hour Mortality (%)
	Regression Parameters (48 hours)

	100
	6.00±0.82
	14.00±1.25
	LC50​: 520.0 µg/mL (485.4–556.8)

	250
	16.00±1.47
	32.00±2.04
	LC90​: 845.0 µg/mL

	500
	22.00±1.89
	50.00±2.81
	χ2: 3.12

	750
	28.00±2.16
	62.00±3.42
	P-value: .024


3.4 Effect of Exposure Time on Larvicidal Activity
The length of exposure time significantly impacted the toxicological profile and final insecticidal performance of all tested systems. The isopropanol extract showed regular, moderate increases in mortality over time, progressing from 2.00% at 12 hours to 52.00% at 48 hours. In comparison, the ethanol extract demonstrated a more pronounced response, accelerating sharply after 24 hours to achieve its peak efficacy of 68.00% at 48 hours. Conversely, the aqueous extract showed poor performance, failing to exceed 16.67% mortality even at the maximum 48-hour exposure interval.
This latency in peak mortality (arriving closer to the 48-hour threshold rather than the immediate 12-hour window) suggests that the active botanical molecules act primarily as slow-acting stomach poisons or endocrine-disrupting agents rather than instant neurotoxins. This pattern mimics the findings of Raju (2005) on related Vitex essential oils, which required sustained exposure intervals to systematically disrupt larval cuticle development, respiration, and hormone-driven molting transitions.
3.5 Outcome of the research work
While the larvicidal nature of Vitex negundo has been explored in generalized public health contexts, this investigation introduces several highly distinct, unique aspects that set it apart from existing literature:
· Veterinary-Centric Vector Orientation: Rather than viewing Aedes aegypti strictly as an urban human health hazard, this study specifically establishes its importance within livestock micro-environments. By focusing on how these botanical extracts can disrupt vector propagation inside and around livestock production systems, this paper fills a critical gap in veterinary integrated vector management (IVM).
· Isopropanol Extraction Profiling: While conventional literature predominantly focuses on simple water, methanol, or ethanol extractions, this study includes a systematic validation of an isopropanol extraction system. Documenting its specific phytochemical yield (e.g., maintaining high flavonoids and terpenoids while naturally leaving behind alkaloids) provides a novel extraction blueprint for targeted bio-pesticide formulation.
· One Health Stabilization Framework: This work contextualizes botanical insecticides as an active tool to break the transmission cycles of devastating animal arboviruses (such as Rift Valley Fever and Bluetongue Virus variants). It provides a concrete framework for mitigating smallholder economic shocks and preventing synthetic chemical residue accumulation in meat and dairy products, directly aligning with contemporary One Health and green chemistry initiatives.
Conclusions
The present laboratory study showed that leaf extracts of Vitex negundo possess larvicidal activity against fourth-instar larvae of Aedes aegypti, with efficacy varying according to the extraction solvent and exposure duration. Among the three extracts tested, the ethanol extract demonstrated the strongest activity, producing 68.00% ± 4.62% mortality at 48 hours at 1,000 µg/mL. The isopropanol extract showed moderate activity, while the aqueous extract produced comparatively low mortality. The phytochemical screening results suggest that the stronger activity of the ethanol extract may be associated with its broader recovery of secondary metabolites, including alkaloids, flavonoids, phenols, tannins, and terpenoids. Dose-response analysis further indicated that the ethanol extract produced concentration-dependent larval mortality, with an estimated LC50 of 520.0 µg/mL at 48 hours. These results support the potential of V. negundo ethanol extract as a botanical larvicidal candidate under controlled laboratory conditions. However, further studies are necessary to identify the active compounds, confirm reproducibility, assess non-target safety, evaluate environmental stability, and determine field-level effectiveness before any practical application in vector management programs.
Limitations
This study was limited to controlled laboratory bioassays and did not evaluate the performance of Vitex negundo extracts under natural field conditions. The larvicidal tests were conducted against fourth-instar Aedes aegypti larvae only, and the findings may not directly apply to other mosquito species, larval stages, or ecological settings. The study used crude extracts, and the specific active compounds responsible for the observed mortality were not isolated or quantified. Although the ethanol extract showed the highest activity, its environmental stability, residual activity, and safety to non-target aquatic organisms were not assessed. The work also did not examine formulation properties, degradation rate, or operational feasibility for large-scale use. Larvae were sourced from local breeding sites, but detailed species confirmation procedures were not described. Therefore, the results should be interpreted as preliminary laboratory evidence and should be validated through additional toxicological, chemical, and field-based studies.
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