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Mosquitocidal Activities of Cassia javanica Methanol Extract against the Dengue Vector Aedes aegypti
Abstract

Dengue fever, transmitted by Aedes aegypti, remains a major public health concern, and the emergence of insecticide resistance necessitates the search for novel vector control agents. This study evaluated the multi-target bioefficacy of Cassia javanica methanol extract against all life stages of Ae. aegypti. The extract exhibited dose-dependent toxicity across larval instars, pupae, and adults. The highest larvicidal susceptibility was observed in first instar larvae (LC50 = 263.51 µg/mL), while pupae demonstrated the highest tolerance (LC50 = 440.92 µg/mL). Ovicidal assessment revealed a progressive decline in egg hatchability with increasing extract concentration; complete inhibition (no hatching) was recorded at 500 µg/mL, compared to 95.2% hatchability in the control. Adulticidal activity was also concentration-dependent, yielding an LC50 of 277.42 µg/mL after 24 hours of exposure. Furthermore, the extract provided notable repellent activity. At 500 ppm, the formulation offered 64.3% protection over 180 minutes post-application, whereas the lowest concentration (100 ppm) resulted in only 12.5% protection. Chi-square values (χ²) for all probit regression models were not significant (α = 0.05), indicating good fit of the data. The results clearly demonstrate that C. javanica methanol extract possesses potent and broad-spectrum activity against Ae. aegypti, affecting egg hatching, larval and pupal development, adult survival, and host-seeking repellency. These findings highlight the potential of C. javanica as a promising source of phyto-insecticidal compounds for integrated vector management strategies, particularly in combating insecticide-resistant mosquito populations.

Keywords
Cassia javanica; Aedes aegypti; larvicidal; ovicidal; adulticidal; repellent activity; dengue vector; plant extract; vector control.

Introduction
Dengue fever remains one of the most rapidly spreading mosquito-borne viral diseases globally, posing a significant public health challenge in tropical and subtropical regions [1]. The primary vector responsible for dengue transmission is Aedes aegypti, a highly adapted urban mosquito species that breeds in artificial water containers and feeds preferentially on humans [2]. The expansion of global travel, unplanned urbanization, climate change, and inadequate waste management have collectively contributed to the resurgence and geographical spread of both the vector and the diseases it transmits, including dengue, chikungunya, Zika, and yellow fever. Despite ongoing control efforts, dengue cases continue to rise at an alarming rate, with millions of infections reported annually worldwide [3].

The primary strategy for preventing dengue outbreaks has historically relied on vector control through the use of synthetic chemical insecticides [4]. Organophosphates, pyrethroids, and insect growth regulators have been extensively applied as larvicides and adulticides in both domestic and public health settings [5]. However, the prolonged and indiscriminate use of these chemical agents has led to the development of widespread insecticide resistance among Ae. aegypti populations. Resistance mechanisms, including target site mutations, metabolic detoxification, and behavioral avoidance, have been documented across multiple geographic regions, severely compromising the efficacy of conventional control programs [6]. Furthermore, synthetic insecticides pose significant environmental and health risks, including non-target toxicity, bioaccumulation, water contamination, and adverse effects on human health such as neurotoxicity and endocrine disruption [7].

These challenges have intensified the urgent need for environmentally sustainable, biodegradable, and target-specific alternatives for mosquito control [8]. Plant-derived extracts have emerged as promising candidates in this regard. Plants naturally produce a diverse array of secondary metabolites, including alkaloids, terpenoids, phenolics, flavonoids, and saponins [9], which serve as defense mechanisms against herbivorous insects. Many of these phytochemicals exhibit potent insecticidal, growth-regulating, ovicidal, larvicidal, pupicidal, adulticidal, and repellent properties [10]. Unlike synthetic chemicals, botanical insecticides often possess novel modes of action, which may circumvent existing resistance mechanisms. Additionally, they are generally considered safer for non-target organisms, degrade more rapidly in the environment, and are more acceptable to communities accustomed to traditional plant-based remedies.

Cassia javanica, commonly known as pink shower or Java cassia, is a flowering tree belonging to the family Fabaceae. It is widely distributed across Southeast Asia and other tropical regions, where various parts of the plant have been used in traditional medicine for treating skin disorders, fevers, and gastrointestinal ailments. Previous phytochemical investigations have revealed that Cassia species are rich in anthraquinones, flavonoids, and other bioactive compounds with demonstrated antimicrobial, antioxidant, and anti-inflammatory properties. However, the potential of C. javanica as a source of mosquito control agents remains relatively underexplored [11]. Given the documented insecticidal activity of related Cassia species, it is hypothesized that extracts from C. javanica may interfere with multiple physiological targets across different developmental stages of Ae. aegypti.

The present study, therefore, aims to systematically evaluate the bioefficacy of Cassia javanica methanol extract against all major life stages of the dengue vector Ae. aegypti. Specifically, the investigation focuses on determining the larvicidal and pupicidal activity across four instar stages, assessing the ovicidal potential through egg hatchability assays, evaluating adulticidal effects on adult mosquitoes, and quantifying the repellent activity over time. By providing a comprehensive profile of the extract's multi-stage activity, this study seeks to contribute valuable baseline data for the future development of C. javanica-based botanical insecticides as part of integrated vector management strategies.

Materials and Methods
Plant Collection and Identification
Plant material of Cassia javanica was collected from wild-growing populations in the Thanjavur wild area, Tamil Nadu, India. Healthy, mature plant parts including leaves, bark, and pods were carefully handpicked during the flowering season to ensure optimal secondary metabolite content. The collected specimens were thoroughly washed with running tap water to remove surface debris, followed by rinsing with distilled water, and subsequently shade-dried at room temperature for two weeks. Complete drying was confirmed by brittle texture upon handling. The dried plant material was then mechanically ground into a coarse powder using an electric grinder and stored in airtight containers at room temperature until extraction. Taxonomic identification was performed by a certified plant taxonomist at the Department of Botany, Bharathidasan University, Tiruchirappalli. A voucher specimen was prepared and deposited in the university herbarium for future reference. Authentication was based on morphological characteristics including leaf arrangement, flower structure, pod morphology, and bark texture following standard taxonomic keys.

Extraction Procedure
The extraction of bioactive compounds from Cassia javanica was carried out using methanol via Soxhlet extraction methodology. Approximately 500 grams of the dried, coarsely powdered plant material was packed uniformly into a cellulose thimble and placed inside the Soxhlet extractor apparatus. Methanol (2.5 liters) was used as the extraction solvent due to its high polarity and excellent capability to dissolve a wide range of phytochemicals including flavonoids, phenolics, alkaloids, and terpenoids. The extraction was conducted continuously for 72 hours at a temperature range of 60-65°C, allowing repeated percolation of solvent through the plant matrix. Each cycle consisted of solvent boiling, vapor condensation, siphoning, and re-flooding, ensuring exhaustive extraction. The resulting methanol extract was collected and concentrated under reduced pressure using a rotary vacuum evaporator at 45-50°C to remove the solvent completely. The semi-solid crude extract was then transferred to glass petri dishes and dried in a vacuum desiccator. The final dried extract was weighed to calculate yield, stored in amber-colored glass vials at 4°C, and subsequently reconstituted in appropriate solvents (dimethyl sulfoxide or ethanol) to prepare various test concentrations for bioassays [12].
Larvicidal and Pupicidal Activity
The larvicidal and pupicidal activity of Cassia javanica methanol extract was evaluated against all four larval instars (first, second, third, and fourth) and pupae of Ae. aegypti. Stock solutions of the extract were prepared in dimethyl sulfoxide and diluted with dechlorinated tap water to obtain five test concentrations: 100, 200, 300, 400, and 500 µg/mL. For each concentration, twenty larvae or pupae were introduced into 250 mL glass beakers containing 200 mL of the test solution. Each concentration was replicated three times. A control group was maintained in dechlorinated water with an equivalent volume of dimethyl sulfoxide. Mortality was recorded after 24 hours of continuous exposure. Larvae or pupae were considered dead if they showed no movement upon gentle probing with a fine needle. Percentage mortality was calculated using Abbott's formula when control mortality exceeded 5%. The lethal concentrations (LC50 and LC90) along with 95% confidence limits, regression equations, and chi-square values were determined using probit analysis [13].

Ovicidal Activity
Ovicidal activity was assessed by evaluating the hatchability of Ae. aegypti eggs following exposure to the methanol extract. Freshly laid egg rafts (less than 6 hours old) were collected from laboratory-reared adult colonies. Five concentrations of the extract (100, 200, 300, 400, and 500 µg/mL) were prepared in dechlorinated water. For each concentration, 50 eggs were immersed in 100 mL of the test solution in separate plastic trays. A control group was maintained in dechlorinated water only. Each treatment was replicated five times. After 24 hours of exposure, the eggs were washed thoroughly with distilled water and transferred to clean trays containing fresh dechlorinated water for hatching. Egg hatchability was monitored daily for 7 days. The percentage of egg hatchability was calculated as the number of first-instar larvae emerged divided by the total number of eggs, multiplied by 100. Treatments showing no hatching were recorded as NH (No Hatching). Means were compared using one-way ANOVA followed by Tukey's test [14].

Adulticidal Activity
The adulticidal activity of the methanol extract was evaluated against 3- to 5-day-old female Ae. aegypti mosquitoes, which are the primary disease vectors. Five test concentrations (100, 200, 300, 400, and 500 µg/mL) were prepared in acetone. The World Health Organization standard tube test method was followed. For each concentration, 20 mosquitoes were introduced into exposure tubes lined with Whatman No. 1 filter paper impregnated with 1 mL of the respective test solution. Control tubes were treated with acetone alone. Five replicates were maintained for each concentration. After 24 hours of continuous exposure, mortality was recorded. Mosquitoes were considered dead if they were unable to stand or fly upon vigorous shaking of the tube. Percentage mortality was corrected using Abbott's formula where necessary. Probit analysis was performed to calculate LC50 and LC90 values along with their 95% confidence limits. The regression equation and chi-square goodness-of-fit test were also computed [15].

Repellent Activity
The repellent activity of Cassia javanica methanol extract was assessed against adult female Ae. aegypti using the human bait technique under controlled laboratory conditions. Five concentrations (100, 200, 300, 400, and 500 ppm) were prepared in ethanol. A control was maintained with ethanol alone. Three healthy human volunteers with no prior exposure to repellents and no skin allergies participated in the study after providing informed consent. One forearm of each volunteer was exposed to the environment after treatment with 1 mL of the test solution evenly spread over the skin surface from wrist to elbow. The other forearm served as control. The number of mosquitoes landing and taking a blood meal was recorded at 30-minute intervals over a total period of 180 minutes (30, 60, 90, 120, 150, and 180 minutes post-application). Percentage protection was calculated using the formula: [(Number of landings in control − Number of landings in treated) / Number of landings in control] × 100. Each concentration was tested in triplicate [16].

Data Analysis
All mortality data were expressed as mean ± standard deviation. Probit analysis was used to calculate LC50, LC90, 95% confidence limits, regression equations, and chi-square values. Percentage hatchability and protection data were analyzed by one-way ANOVA followed by Tukey's post-hoc test. Significance was set at p < 0.05.
Results and Discussion 

Larvicidal and Pupicidal Activity
The methanol extract of Cassia javanica exhibited pronounced dose-dependent larvicidal and pupicidal activity against all developmental stages of Ae. aegypti. Mortality increased progressively with increasing concentration from 100 to 500 µg/mL across all instars and pupae. The first instar larvae demonstrated the highest susceptibility, with an LC50 of 263.51 µg/mL, followed by second (289.31 µg/mL), third (311.04 µg/mL), fourth (344.64 µg/mL), and pupae (440.92 µg/mL) (Table 1. and Fig. 1). This inverse relationship between developmental stage and susceptibility is noteworthy, as younger larvae consistently showed greater mortality than older larvae and pupae. The LC90 values followed the same trend, ranging from 487.96 µg/mL for first instar to 683.69 µg/mL for pupae. The regression equations showed positive slopes (0.004-0.006), confirming concentration-dependent mortality. The chi-square values (0.084 to 1.482, all non-significant at α=0.05) indicate that the probit models provided an excellent fit to the experimental data. These findings align with previous reports on Cassia species, where secondary metabolites such as anthraquinones and flavonoids interfere with larval physiological processes including molting, neuromuscular function, and digestive enzyme activity. The reduced susceptibility of later instars and pupae may be attributed to thicker cuticles, enhanced detoxification mechanisms, or reduced feeding rates in older stages [17]. Nevertheless, the substantial mortality achieved even against pupae suggests that C. javanica extract contains potent bioactive compounds capable of disrupting development throughout the mosquito life cycle.

Ovicidal Activity
The ovicidal potential of Cassia javanica methanol extract was clearly demonstrated through progressive inhibition of egg hatchability with increasing extract concentration. The control group showed high viability with 95.2% egg hatchability. Treatment with 100 µg/mL reduced hatchability to 77.4%, while 200 µg/mL resulted in 56.6% hatching. A marked decline was observed at 300 µg/mL (28.6%) and 400 µg/mL (6.8%) (Table 2 and Fig. 2). Complete inhibition of hatching (NH, No Hatching) was achieved at the highest tested concentration of 500 µg/mL. Statistical analysis using superscript letters (a-d) confirmed significant differences (p < 0.05) between successive concentration groups. This concentration-dependent ovicidal effect indicates that phytochemicals present in the extract can penetrate the egg chorion and disrupt embryonic development. The mechanism likely involves inhibition of chitin synthesis, disruption of lipid layers essential for waterproofing, or direct toxicity to the developing embryo within the egg [18]. Ovicidal activity is particularly valuable in vector control programs because targeting eggs prevents the emergence of larvae altogether, thereby breaking the transmission cycle at the earliest possible stage. Many synthetic ovicides are available, but they often pose environmental hazards [19]. The complete hatch inhibition at 500 µg/mL positions C. javanica as a highly promising botanical ovicide. Comparative studies with other plant extracts have reported varying degrees of ovicidal activity, but complete inhibition is relatively uncommon, underscoring the exceptional potential of this species [20].

Adulticidal Activity
The adulticidal activity of Cassia javanica methanol extract against female Ae. aegypti was evaluated over a concentration range of 100 to 500 µg/mL, revealing a clear dose-response relationship. Mortality increased steadily from 22.6% at 100 µg/mL to 38.0% at 200 µg/mL, 57.6% at 300 µg/mL, 66.6% at 400 µg/mL, and 80.8% at 500 µg/mL. The control group showed no mortality. The calculated LC50 was 277.42 µg/mL with 95% confidence limits of 246.27 to 306.79 µg/mL, while the LC90 was 599.94 µg/mL (539.65-690.02 µg/mL) (Table 3 and Fig. 3). The chi-square value of 0.978 (non-significant, df=3) confirms the reliability of the probit model. The regression equation yielded a positive slope, further supporting concentration-dependent toxicity [21]. Adulticidal activity is critical for vector control because adult mosquitoes are directly responsible for disease transmission [22]. The ability to achieve nearly 81% mortality at 500 µg/mL suggests that C. javanica extract contains neurotoxic or metabolic disruptors that affect adult physiology. Potential modes of action include acetylcholinesterase inhibition, sodium channel modulation, or octopamine receptor interference, similar to known botanical insecticides [23]. Compared to synthetic adulticides like pyrethroids, the LC50 value of 277.42 µg/mL is moderately high, indicating that further purification or synergistic combinations may enhance potency. Nevertheless, given the pressing need for resistance-breaking alternatives, this level of activity is highly encouraging [24].

Repellent Activity
The repellent activity of Cassia javanica methanol extract was evaluated over 180 minutes post-application at five concentrations (100-500 ppm), with results expressed as total landings and percentage protection. The control group recorded 168 total landings across all time points. Treatment with 100 ppm reduced total landings to 147, providing only 12.5% protection. Higher concentrations yielded substantially better protection: 200 ppm (122 landings, 27.4% protection), 300 ppm (99 landings, 41.1% protection), 400 ppm (81 landings, 51.8% protection), and 500 ppm (60 landings, 64.3% protection) (Table 4). Protection was highest during the initial 30-minute observation period across all concentrations, with gradual decline over time due to evaporation and absorption of volatile repellent compounds [25, 26]. The 500 ppm concentration maintained reasonable protection even at 180 minutes (only 3 landings compared to 12 in control). Repellency is a behavior-based control strategy that reduces human-vector contact without necessarily killing the mosquito, thereby decreasing disease transmission risk [27]. The observed protection levels are comparable to or better than many reported plant-based repellents [28]. The bioactive constituents responsible may include volatile terpenoids and essential oil components that interact with mosquito olfactory receptors, masking host attractants such as lactic acid and carbon dioxide [29]. While the protection percentage at 500 ppm (64.3%) is lower than synthetic DEET, the natural origin, biodegradability, and absence of dermal irritation make C. javanica a valuable candidate for formulation into repellent creams or sprays, particularly in resource-limited settings [30].

Conclusion
The present study conclusively demonstrates that the methanol extract of Cassia javanica possesses potent multi-stage bioefficacy against the dengue vector Ae. aegypti. The extract exhibited significant larvicidal activity, with first instar larvae being the most susceptible (LC50 = 263.51 µg/mL), while pupae showed the highest tolerance. Complete ovicidal activity (no egg hatching) was achieved at 500 µg/mL, representing a critical intervention point for breaking the transmission cycle. Adulticidal activity reached nearly 81% mortality at the same concentration (LC50 = 277.42 µg/mL), and repellent activity provided 64.3% protection over three hours. The non-significant chi-square values across all bioassays validate the reliability of the dose-response relationships. These findings establish C. javanica as a promising, environmentally sustainable botanical insecticide capable of targeting multiple life stages of Ae. aegypti. Future research should focus on identifying the specific bioactive compounds responsible, elucidating their modes of action, evaluating field efficacy, and assessing safety profiles for non-target organisms. Cassia javanica holds strong potential for integration into community-based vector management programs.
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Figure 1. Larvicidal/pupicidal activity of Cassia javanica methanol extract against the dengue vector Ae. aegypti
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Figure 2. Ovicidal activity of Cassia javanica methanol extract against the dengue vector Ae. aegypti eggs
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Figure 3. Adulticidal activity of Cassia javanica methanol extract against the dengue vector Ae. aegypti
Table 1. Larvicidal and pupicidal activity of Cassia javanica methanol extract against Ae. aegypti
	Mosquito

life stages
	LC50
(LC90) (µg/mL)
	95% confidence Limit
	Regression equation
	χ2 (df=4)

	
	
	LC50 (LC90)
	
	

	
	
	LCL
	UCL
	
	

	1st Instar
	263.506

(487.955)
	240.698

(452.309)
	285.117

(535.512)
	y= -1.505 +0.006 x
	0.665 n.s.

	2nd Instar
	289.309

(541.607)
	264.984

(498.306)
	313.157

(601.265)
	y = -1.470 +0.005 x

 
	0.084 n.s.

	3rd Instar
	311.043

(572.142)
	286.479

(524.830)
	336.087

(638.199)
	y = -1.527 +0.005 x

 
	0.317 n.s.

	4th Instar
	344.639

(632.866)
	317.993

(574.399)
	373.903)

(717.737)
	y = -1.532 +0.004 x

 
	1.268 n.s.

	Pupa
	440.917

(683.692)
	407.426

(615.653)
	485.509

(785.250)
	y = -1.614 +0.004 x

 
	1.482 n.s.


Mortality rates are means ± SD of three replicates

LC50 = lethal concentration that kills 50% of the exposed organisms

LC90 = lethal concentration that kills 90% of the exposed organisms

LCL = Lower Confidence Limit

UCL = Upper Confidence Limit

χ2 = chi-square; n.s. = not significant (α = 0.05)
Table 2. Ovicidal activity of Cassia javanica methanol extract against Ae. aegypti eggs

	Species
	Egg hatchability

	
	Control 
	100 µg/mL
	200 µg/mL
	300 µg/mL
	400 µg/mL
	500 µg/mL

	Ae. aegypti
	95.2±1.30e
	77.4±1.81d
	56.6±1.51c
	28.6±1.67b
	6.8±1.92a
	NH


Values represent mean percent egg hatchability ± standard deviation (n=5 replicates). Means within a row followed by different superscript letters (a–d) are significantly different (P < 0.05). NH = No Hatching observed.
Table 3. Adulticidal activity of Cassia javanica methanol extract against Ae. aegypti
	Target
	Concentration (µg/mL)
	Mortality (%)
	LC50
 (LCL-UCL)
	LC90 
(LCL-UCL)
	χ2 (df=3)

	Ae. aegypti
	Control

100

200

300

400

500
	0.00±0.00a
22.6±1.14b
38.0±1.58c
57.6±1.81d
66.6±1.51e
80.8±1.30f
	277.421

(246.267- 306.788)
	599.935

(539.645- 690.018)
	0.978 n.s.


Mortality rates are means ± SD of five replicates

LC50 = lethal concentration that kills 50% of the exposed organisms

LC90 = lethal concentration that kills 90% of the exposed organisms

LCL = Lower Confidence Limit

UCL = Upper Confidence Limit

χ2 = chi-square; n.s. = not significant (α = 0.05).
Table 4. Repellent activity of Cassia javanica methanol extract against the dengue vector Ae. aegypti
	Concentration

(ppm)
	Time post application of repellent (min)
	Total
	% of protection

	
	30
	60
	90
	120
	150
	180
	
	

	Control 
	42
	36
	38
	22
	18
	12
	168
	--

	100
	38
	31
	33
	19
	16
	10
	147
	12.5

	200
	32
	27
	28
	15
	12
	8
	122
	27.4

	300
	28
	21
	22
	12
	10
	6
	99
	41.1

	400
	24
	16
	18
	10
	8
	5
	81
	51.8

	500
	18
	13
	12
	8
	6
	3
	60
	64.3



