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Insecticidal Activities of some Tropical Plants Extracts against Malaria Mosquito, Anopheles gambae Giles (Diptera: Culicidae)

ABSTRACT
Anopheles mosquitoes are the primary vectors responsible for transmitting malaria-causing protozoans that affect populations worldwide. The use of synthetic insecticides to control mosquito populations can result in environmental pollution, human health risks, and depletion of the ozone layer. Consequently, there is a growing interest in identifying alternatives to synthetic insecticides. Botanical insecticides, which are inexpensive, readily available, and environmentally friendly, have emerged as viable options. This study investigated the insecticidal effects of methanol, ethanol, n-hexane, and acetone crude leaf extracts from Moringa oleifera, Eucalyptus citriodora, Mentha piperita, Azadirachta indica, and Andrographis paniculata on both adult and larval stages of Anopheles gambiae. Fresh leaves of the selected plants were collected, air-dried, and ground into powders. These powdered leaves were then extracted using absolute ethanol, methanol, n-hexane, and acetone at 60 °C in a Soxhlet extractor. Extract concentrations of 100, 150, 200, 250, and 300 ppm were prepared and tested against An. gambiae larvae and adults, with mortality recorded after 24 hours of exposure. The results demonstrated that ethanol and methanol extracts exhibited strong insecticidal activity, achieving 100% larval mortality at concentrations of 200, 250, and 300 ppm, and 100% adult mortality at 300 ppm. In contrast, n-hexane and acetone extracts showed limited activity against adult An. gambiae. Among the extracts tested, A. indica ethanol extract was the most potent, inducing 100% adult mortality at 300 ppm and complete larval mortality at 200 ppm. These findings indicate that leaf extracts of the tested plants, particularly A. indica, have significant potential for controlling both larval and adult An. gambiae. They may therefore serve as effective, eco-friendly alternatives to synthetic insecticides. 
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INTRODUCTION
Mosquitoes comprise more than 3,500 species globally, with approximately 837 species recorded in Africa, 100 in Europe, and 170 in North America. Despite this vast diversity, only a limited number of species are capable of transmitting disease-causing pathogens (Gordon and Molyneux 2008). It is also noteworthy that mosquito species are reproductively isolated and cannot interbreed(Sinka et al., 2010). Malaria is transmitted through the bite of female Anopheles mosquitoes. Over 500 Anopheles species have been identified worldwide, of which more than 30 pose significant public health concerns (Koenraadt and Takken 2013). Among these, three closely related species (Anopheles gambiae, Anopheles coluzzii, and Anopheles arabiensis) are responsible for the majority of malaria transmission (Martins and Leal 2015).
Anopheles mosquitoes serve as the primary vectors for malaria-causing protozoan parasites, including Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium malariae, and Plasmodium knowlesi (Govindarajan et al., 2016; Khater et al., 2020). Malaria is caused by protozoan parasites of the genus Plasmodium and is transmitted exclusively by female Anopheles mosquitoes (Eve et al., 2005). Owing to the high morbidity and mortality associated with malaria, Anopheles mosquitoes represent a major public health challenge that requires urgent and comprehensive control efforts (Bloland, 2001). According to the World Health Organization (WHO), an estimated 435,000 malaria-related deaths occurred globally in 2017, with children under five years accounting for 61% of these deaths. Furthermore, approximately 93% of malaria-related deaths were reported in Africa alone (WHO, 2015). In 2020, malaria cases were estimated at 241 million, with 627,000 deaths reported across 85 countries. Sub-Saharan Africa accounted for about 95% of malaria cases and 96% of malaria deaths, with nearly 80% of these deaths occurring among children under the age of five (WHO, 2021).
Currently, synthetic insecticides remain the most widely used tools for mosquito control. The scale-up of long-lasting insecticidal nets (LLINs) and indoor residual spraying (IRS) has contributed significantly to reductions in malaria cases and deaths worldwide (WHO, 2015; Isman, 2006). However, the extensive use of synthetic insecticides has led to the accumulation of persistent, non-biodegradable chemicals in the environment, resulting in ecological imbalance and toxic effects on non-target organisms (WHO, 2012). In addition to environmental pollution, concerns such as high mammalian toxicity, cost, and limited availability persist. Moreover, mosquito populations have developed genetic resistance to many commonly used synthetic insecticides (Singh et al., 2007; Obembe et al., 2024). Recent WHO reports confirm widespread resistance in Anopheles mosquitoes to the four major classes of insecticides pyrethroids, organochlorines, carbamates, and organophosphates across different regions of the world (WHO, 2019). Consequently, there is an increasing need to explore alternative mosquito control strategies (Markouk et al., 2000).
In this context, botanical insecticides, including plant extracts and essential oils with insecticidal properties, have gained recognition as promising alternatives to synthetic insecticides. These botanicals possess larvicidal, pupicidal, and adulticidal activities and have also been reported to inhibit oviposition in mosquitoes (Obembe et al., 2025) Numerous plant species with natural mosquito-repellent properties have been identified. Notable examples include citronella oil derived from lemongrass (Cymbopogon citratus) and azadirachtin obtained from the neem plant (Azadirachta indica). (Trongtokit et al., 2005) demonstrated strong repellent activity of citronella oil against Aedes aegypti, the vector of dengue fever. Other plant extracts with proven mosquito-repellent properties include eucalyptus and lavender. Beyond repellency, certain plant-derived compounds exhibit potent insecticidal effects, leading to mosquito mortality. Pyrethrum, extracted from chrysanthemum flowers and rich in pyrethrins, is a well-known natural insecticide that targets the mosquito nervous system, causing paralysis and death. Its effectiveness against Aedes mosquitoes and its potential as an eco-friendly alternative to synthetic insecticides have been demonstrated (Govindarajan et al., 2016).
Botanical insecticides are considered environmentally sustainable due to their biodegradability and rapid breakdown in the environment, thereby reducing soil, water, and air pollution compared with synthetic chemical insecticides. They also pose lower risks to humans and livestock because of their relatively low mammalian toxicity when used appropriately, making them safer for farmers, consumers, and animals, particularly in smallholder farming systems where access to protective equipment may be limited. Additionally, botanical insecticides reduce the likelihood of pest resistance owing to the presence of multiple bioactive compounds with diverse modes of action. Their local availability and cost-effectiveness further enhance their suitability for integrated vector management programs(Shaalan et al., 2005; Isman, 2006; Pavela, 2016; Obembe et al., 2025).
The present study therefore aimed to evaluate the insecticidal effects of Moringa oleifera, Eucalyptus citriodora, Mentha piperita, Azadirachta indica, and Andrographis paniculata against the malaria vector Anopheles gambiae.
 
MATERIALS AND METHODS
Collection and Authentication of Plant Materials
Mature and fully developed fresh leaves of Moringa oleifera, Eucalyptus citriodora, Mentha piperita, Azadirachta indica, and Andrographis paniculata were collected from the campus of Ekiti State University, Ado-Ekiti, Nigeria. The plant materials were authenticated by the Herbarium Curator in the Department of Plant Science and Biotechnology, Ekiti State University, Ado-Ekiti, Nigeria.
Preparation of Plant Extracts
The collected leaves were thoroughly washed with tap water and air-dried separately under laboratory conditions in the Department of Plant Science and Biotechnology, Ekiti State University, Ado-Ekiti, for a period of two weeks. The dried leaves were manually ground using a pestle and mortar, after which the powdered samples were sieved through a 1 mm² mesh to obtain fine powders. The powders were stored in labeled, airtight plastic containers at room temperature until use.
One hundred grams (100 g) of each powdered plant sample (M. oleifera, E. citriodora, M. piperita, A. indica, and A. paniculata) were placed in a thimble and extracted separately using absolute ethanol at 60 °C in a Soxhlet extractor. The resulting extracts were concentrated using a rotary evaporator and subsequently air-dried to remove residual solvent. The same extraction procedure was followed using methanol, n-hexane, and acetone. All extracts were collected separately in specimen bottles and stored in a refrigerator at 4 °C until required for bioassay experiments.
Preparation of Stock Solutions
One gram (1 g) of each crude plant extract was dissolved separately in 100 mL of the corresponding solvent (ethanol, methanol, n-hexane, or acetone) in a 250 mL Wheaton glass bottle to obtain a 1% stock solution. From this stock solution, working concentrations of 100, 150, 200, 250, and 300 ppm were prepared for larval and adult mosquito bioassays.
Collection and Rearing of Mosquito Larvae
Mosquito larvae were collected and reared following the procedure described by (Obembe et al., 2025). Two black plastic water baths (200 L capacity) with large surface areas were filled with rainwater to simulate natural mosquito breeding conditions. Fifty grams (50 g) of yeast were dissolved in the water to serve as food for the developing larvae. The yeast-enriched water also functioned as bait to attract adult mosquitoes for oviposition.
The containers were left outdoors to allow adult mosquitoes to lay eggs, which later developed into larvae. Subsequently, the containers were transferred to the laboratory and maintained under standard rearing conditions of 12:12 h light and dark photoperiods, in accordance with (WHO, 2015) guidelines. Third instar larvae were distinguished from pupae by the absence of a respiratory siphon and the presence of spiracles on the eighth abdominal segment. Additionally, larvae were elongated in shape, whereas pupae exhibited a swollen anterior region. One of the water baths was placed in a large netted cage to prevent the escape of emerging adult mosquitoes. Larvae were considered dead when they failed to surface for gaseous exchange.

Larvicidal Bioassay
Larvicidal activity of ethanol, methanol, n-hexane, and acetone crude leaf extracts of the test plants was evaluated at concentrations of 25, 50, 100, 150, 200, 250, and 300 ppm. Twenty (20) third instar larvae were introduced into a 250 mL beaker containing 99 mL of distilled water, after which 1 mL of the desired extract concentration was added. A control setup containing 100 mL of distilled water without extract was also prepared.
The bioassay was conducted for 24 hours under laboratory conditions of 28 ± 5 °C temperature, 75 ± 15% relative humidity, and a 12:12 h light and dark photoperiod. Larvae were not fed during the exposure period. Each treatment was replicated three times on different days. Mortality was recorded after 24 hours, and percentage mortality was calculated. Larvae were considered dead if they did not rise to the water surface for respiration.
Adulticidal Bioassay
Adulticidal activity was assessed following the method described by (Maia and Moore 2011). Ethanol, methanol, n-hexane, and acetone crude leaf extracts of M. oleifera, E. citriodora, M. piperita, A. indica, and A. paniculata were tested at concentrations of 100, 150, 200, 250, and 300 ppm.
Clean, dry 250 mL Wheaton bottles with screw caps were coated internally with 1 mL of the desired extract concentration and allowed to air-dry. Uncoated bottles served as controls. Adult mosquitoes previously fed with yeast solution were introduced into the bottles using a mouth aspirator, and the bottles were sealed to prevent escape. Mosquitoes were exposed to the treatments for 24 hours under laboratory conditions of 28 ± 5 °C, 75 ± 15% relative humidity, and a 12:12 h light and dark photoperiod.
After exposure, the mosquitoes were transferred to transparent 250 mL plastic containers and provided with yeast solution. Mortality was assessed after a further 24 hours.
Data Analysis
Data obtained from the study were analyzed using Analysis of Variance (ANOVA), and mean differences were separated using Fisher’s Least Significant Difference (LSD) test.
TABLES
Table 1. Mean % larval mortality of M. oleifera crude leaf extracts at different rates against Anopheles gambiae larvae after 24 h of exposure
	Conc. (ppm)
	
	      Percentage
	Mortality
	

	
	Ethanol
	Methanol
	n-hexane
	Acetone

	100
	75.50 ± 3.13a
	73.10 ± 3.12b
	71.15 ± 2.83c
	66.25 ± 2.72d

	150
	95.38 ± 2.14a
	92.45 ± 3.38b
	88.25 ± 3.16c
	84.50 ± 4.15d

	200
	100.00 ± 0.00a
	98.68 ± 3.26b
	92.15 ± 2.21c
	89.20 ± 2.18d

	250
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a

	300
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a

	Control
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a


Means within the same row followed by the same letter(s) are not significantly different (P ≤ 0.05) using New Duncan`s Multiple Range Test.
Table 2. Mean % larval mortality of E. citriodora crude extracts at different rates against An. gambiae larvae after 24 h of exposure
	Conc. (ppm)
	
	      Percentage
	Mortality
	

	
	Ethanol
	Methanol
	n-hexane
	Acetone

	100
	77.25 ± 2.33a
	74.85 ± 1.62b
	70.14 ± 2.17c
	68.15 ± 1.44d

	150
	98.54 ± 3.81a
	91.35 ± 4.19b
	92.4 ± 2.14c
	81.50 ± 3.71d

	200
	100.00 ± 0.00a
	98.68 ± 3.26b
	97.10 ± 2.67b
	90.70 ± 3.21c

	250
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a

	300
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a

	Control
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a


Means within the same row followed by the same letter(s) are not significantly different (P ≤ 0.05) using New Duncan`s Multiple Range Test.
Table 3. Mean % larval mortality of M. peperita crude leaf extracts at different rates against An. gambiae larvae after 24 h of exposure
	Conc. (ppm)
	
	      Percentage
	Mortality
	

	
	Ethanol
	Methanol
	n-hexane
	Acetone

	100
	72.50 ± 1.73a
	75.48 ± 3.19b
	73.30 ± 1.62c
	71.85 ± 2.77d

	150
	96.15 ± 4.13a
	92.17 ± 2.61b
	90.16 ± 4.20c
	80.56 ± 2.51d

	200
	100.00 ± 0.00a
	95.75 ± 2.12b
	94.60 ± 3.43b
	90.10 ± 2.39c

	250
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a

	300
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a

	Control
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a


Means within the same row followed by the same letter(s) are not significantly different (P ≤ 0.05) using New Duncan`s Multiple Range Test.

Table 4. Mean % larval mortality of A. indica crude leaf extracts at different rates against An. gambiae larvae after 24 h of exposure
	Conc. (ppm)
	
	      Percentage
	Mortality
	

	
	Ethanol
	Methanol
	n-hexane
	Acetone

	100
	87.25 ± 4.46a
	84.78 ± 3.37b
	78.28 ± 2.18c
	76.30 ± 3.67d

	150
	98.60 ± 4.26a
	94.25 ± 3.23b
	88.30 ± 2.44c
	85.15 ± 3.17d

	200
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a

	250
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a

	300
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a

	Control
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a


Mean within the same row followed by the same letter(s) are not significantly different (P ≤ 0.05) using New Duncan’s Multiple Range Test
Table 5. Mean % larval mortality of A. paniculata crude leaf extracts at different rates against An. gambiae larvae after 24 h of exposure
	Conc. (ppm)
	
	      Percentage
	Mortality
	

	
	Ethanol
	Methanol
	n-hexane
	Acetone

	100
	83.80 ± 3.12a
	78.30 ± 2.16b
	75.45 ± 2.13c
	72.15 ± 3.33d

	150
	89.25 ± 2.14a
	81.76 ± 2.17b
	78.50 ± 1.86c
	78.15 ± 2.11d

	200
	100.00 ± 0.00a
	91.25 ± 3.73b
	87.50 ± 3.38c
	82.48 ± 2.71d

	250
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a

	300
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a
	100.00 ± 0.00a

	Control
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a


Means within the same row followed by the same letter(s) are not significantly different (P ≤ 0.05) using New Duncan`s Multiple Range Test.

Table 6. Mean % adult mortality of M. oleifera crude leaf extracts at different rates against An. gambiae larvae after 24 h of exposure
	Conc. (ppm)
	
	      Percentage
	Mortality
	

	
	Ethanol
	Methanol
	n-hexane
	Acetone

	100
	25.15 ± 1.33a
	22.10 ± 0.87b
	5.20 ± 0.34c
	4.16 ± 0.21d

	150
	34.25 ± 1.22a
	32.16 ± 1.29b
	8.50 ± 0.41c
	8.22 ± 0.56c

	200
	52.30 ± 2.16a
	49.15 ± 2.12b
	15.25 ± 0.66c
	12.50 ± 0.27d

	250
	75.50 ± 3.23a
	68.40 ± 2.71b
	23.25 ± 0.85c
	19.23 ± 0.72d

	300
	85.20 ± 3.51a
	76.35 ± 2.41b
	30.55 ± 1.12c
	28.30 ± 1.16d

	Control
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a


Means within the same row followed by the same letter(s) are not significantly different (P ≤ 0.05) using New Duncan`s Multiple Range Test.


Table 7. Mean % adult  mortality of E. citriodora crude leaf extracts at different rates against An gambiae larvae after 24 h of exposure
	Conc. (ppm)
	
	      Percentage
	Mortality
	

	
	Ethanol
	Methanol
	n-hexane
	Acetone

	100
	28.30 ± 1.15a
	26.10 ± 1.13b
	8.25 ± 0.36c
	7.31 ± 0.27d

	150
	40.50 ± 1.64a
	36.78 ± 0.88b
	16.50 ± 0.41c
	14.17 ± 0.52d

	200
	58.30 ± 2.31a
	48.50 ± 1.27b
	19.22 ± 1.06c
	17.50 ± 1.13d

	250
	74.25 ± 2.73a
	70.50 ± 3.27b
	26.15 ± 1.21c
	25.20 ± 1.14c

	300
	90.20 ± 4.18a
	87.68 ± 3.12b
	29.50 ± 1.25c
	27.60 ± 0.71d

	Control
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00d


Means within the same row followed by the same letter(s) are not significantly different (P ≤ 0.05) using New Duncan`s Multiple Range Test.

Table 8. Mean % adult  mortality of M. peperita crude leaf extracts at different rates against An gambiae larvae after 24 h of exposure
	Conc. (ppm)
	
	      Percentage
	Mortality
	

		
	Ethanol
	Methanol
	n-hexane
	Acetone

	100
	26.50 ± 1.23a
	23.71 ± 0.82b
	7.15 ± 0.22c
	7.78 ± 0.24c

	150
	37.95 ± 1.17a
	33.50 ± 1.12b
	14.25 ± 0.47c
	12.27 ± 0.44d

	200
	55.25 ± 1.83a
	44.35 ± 1.14b
	17.50 ± 0.66c
	15.50 ± 0.51d

	250
	71.85 ± 3.23a
	68.55 ± 2.17b
	24.32 ± 0.66c
	21.25 ± 0.72d

	300
	86.23 ± 3.15a
	80.25 ± 3.16b
	26.24 ± 0.66c
	25.50 ± 0.92d

	Control
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a


Means within the same row followed by the same letter(s) are not significantly different (P ≤ 0.05) using New Duncan`s Multiple Range Test.

Table 9. Mean % adult mortality of A. indica crude leaf extracts at different rates against An. gambiae larvae after 24 h of exposure
	Conc. (ppm)
	
	      Percentage
	Mortality
	

	
	Ethanol
	Methanol
	n-hexane
	Acetone

	100
	35.30 ± 1.22a
	32.25 ± 1.13b
	18.25 ± 0.62c
	16.15 ± 0.58d

	150
	46.46 ± 1.23a
	41.20 ± 1.23b
	22.10 ± 0.65c
	20.25 ± 0.78d

	200
	65.15 ± 2.66a
	61.30 ± 2.41b
	28.50 ± 1.18c
	25.50 ± 0.72d

	250
	88.25 ± 3.13a
	82.40 ± 3.33b
	35.12 ± 1.14c
	33.38 ± 1.23d

	300
	100.00 ± 0.00a
	92.50 ± 4.41b
	38.20 ± 1.33c
	32.15 ± 1.13d

	Control
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a


Means within the same row followed by the same letter(s) are not significantly different (P ≤ 0.05) using New Duncan`s Multiple Range Test.

Table 10. Mean % adult mortality of A. paniculata crude leaf extracts at different rates against An. gambiae larvae after 24 h of exposure
	Conc. (ppm)
	
	      Percentage
	Mortality
	

	
	Ethanol
	Methanol
	n-hexane
	Acetone

	100
	25.15 ± 1.14a
	21.50 ± 0.66b
	7.20 ± 0.27c
	5.17 ± 0.31d

	150
	32.25 ± 1.06a
	29.22 ± 1.14b
	9.28 ± 0.36c
	9.20 ± 0.43c

	200
	48.45 ± 1.34a
	44.50 ± 1.12b
	14.25 ± 0.38c
	13.35 ± 0.23d

	250
	72.46 ± 2.77a
	64.30 ± 3.18b
	21.72 ± 0.76c
	20.30 ± 0.54d

	300
	81.50 ± 4.22a
	78.25 ± 3.23b
	28.48 ± 1.06c
	26.50 ± 0.81d

	Control
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a


Means within the same row followed by the same letter(s) are not significantly different (P ≤ 0.05) using New Duncan`s Multiple Range Test.
RESULTS
Larvicidal Activity of Plant Extracts Against Anopheles gambiae
Larval mortality of Anopheles gambiae following 24-hour exposure to ethanol, methanol, n-hexane, and acetone leaf extracts of Moringa oleifera, Eucalyptus citriodora, Mentha piperita, Azadirachta indica, and Andrographis paniculata is presented in Tables 1–5. A concentration-dependent increase in larval mortality was observed across all treatments. All plant extracts exhibited significant larvicidal activity against An. gambiae larvae.
For M. oleifera, extracts prepared with all solvents caused 100% larval mortality at concentrations ranging from 250 to 300 ppm. The ethanol extract recorded 95% and 100% mortality at 150 and 200 ppm, respectively (Table 1). At 150 ppm, larval mortality ranged from 84.50% to 95.38% across the extracts, while mortality values between 66.25% and 95.38% were recorded at 100 ppm.
Similarly, E. citriodora leaf extracts from all solvents produced 100% larval mortality at concentrations of 250–300 ppm (Table 2). The ethanol extract caused 98.54% and 77.25% mortality at 150 and 200 ppm, respectively. At 150 ppm, mortality ranged from 81.50% to 98.54% across the extracts, while values between 68.15% and 77.25% were observed at 100 ppm.
In M. piperita, complete larval mortality (100%) was achieved with all solvent extracts at concentrations of 250–300 ppm. The ethanol extract produced 96.15% and 100% mortality at 150 and 200 ppm, respectively (Table 3). Mortality values at 150 ppm ranged from 80.56% to 96.15%, while at 100 ppm, mortality ranged between 66.25% and 72.50%.
For A. indica, all solvent extracts resulted in 100% larval mortality at concentrations between 200 and 300 ppm (Table 4). The ethanol extract caused 87.25% and 98.60% mortality at 100 and 150 ppm, respectively. At 150 ppm, larval mortality ranged from 85.15% to 98.60%, while values between 76.30% and 87.25% were recorded at 100 ppm.
In A. paniculata, all solvent extracts produced 100% larval mortality at concentrations of 250–300 ppm. The ethanol extract recorded 89.25% and 100% mortality at 150 and 200 ppm, respectively (Table 5). Mortality at 150 ppm ranged from 78.15% to 89.25%, while values between 72.15% and 83.80% were observed at 100 ppm.
Adulticidal activity of Plant Extracts against Anopheles gambiae
Mean percentage mortalities and toxicity effects of adult An. gambiae after 24 hours exposure to solvent extracts of the test plants are presented in Tables 6–10. Statistically significant differences (P ≤ 0.05) in adult mortality were observed among treatments and compared with the control. Adult mortality increased with increasing extract concentration and varied according to the extraction solvent. Ethanol and methanol extracts consistently showed higher adulticidal activity, whereas n-hexane and acetone extracts exhibited comparatively lower effects.
For M. oleifera, ethanol and methanol extracts caused 85.20% and 76.35% adult mortality, respectively, at 300 ppm, while n-hexane and acetone extracts produced lower mortalities of 30.35% and 28.30% at the same concentration (Table 6).
In E. citriodora, ethanol and methanol extracts resulted in high adult mortality of 90.20% and 87.68%, respectively, at 300 ppm. In contrast, n-hexane and acetone extracts recorded lower mortality rates of 29.50% and 27.60% at the same concentration (Table 7). Significant differences (P ≤ 0.05) were observed among the tested concentrations.
The ethanol and methanol extracts of M. piperita caused adult mortalities of 86.23% and 80.25%, respectively, at 300 ppm. Conversely, n-hexane and acetone extracts exhibited low adulticidal activity at all tested concentrations, with mortality values of 26.24% and 25.50% at 300 ppm (Table 8).
For A. indica, the ethanol extract produced 100% adult mortality at 300 ppm, while the methanol extract resulted in 92.50% mortality at the same concentration. In contrast, n-hexane and acetone extracts recorded lower mortalities of 38.20% and 32.15%, respectively (Table 9).
In A. paniculata, ethanol and methanol extracts caused adult mortalities of 81.50% and 78.25%, respectively, at 300 ppm. The n-hexane and acetone extracts showed lower adulticidal activity, with mortality values of 28.48% and 26.50% at the same concentration (Table 10).

DISCUSSION
Mosquitoes are well-known vectors of several life-threatening diseases, including malaria, dengue fever, Zika virus infection, and chikungunya. Mosquito-borne diseases constitute a major global public health concern, affecting millions of people each year. The persistent prevalence of these diseases has intensified the search for alternative, sustainable, and environmentally safe mosquito control strategies (Nwankwo  et al., 2011). Control of Anopheles mosquitoes is particularly critical because they are the principal vectors of malaria, filariasis, and other arthropod-borne diseases in sub-Saharan Africa, in addition to causing severe biting nuisance to humans (Nwankwo  et al., 2011). In recent years, increasing attention has been directed toward the use of botanical pesticides, microbial agents, and insect growth regulators as eco-friendly alternatives to conventional chemical insecticides (Njom and Eze 2011). Numerous studies have evaluated the efficacy of phytochemicals derived from different plant species for mosquito control, highlighting their potential in integrated vector management programs (Nwankwo et al., 2011; Njom and Eze 2011). Although synthetic insecticides have played a significant role in mosquito vector control programs, their continued use has raised serious environmental concerns and contributed to the development of insecticide resistance. These challenges have necessitated the exploration of plant-based bioactive compounds that are effective against mosquito vectors, safe for non-target organisms, and free from residual toxicity. In this study, the larvicidal and adulticidal activities of different solvent extracts of Moringa oleifera, Eucalyptus citriodora, Mentha piperita, Azadirachta indica, and Andrographis paniculata were evaluated against Anopheles gambiae, the primary vector of malaria.
The findings revealed that ethanol and methanol extracts of the test plants exhibited strong larvicidal and adulticidal activities, achieving 100% mortality at higher concentrations. In contrast, n-hexane and acetone extracts demonstrated relatively low insecticidal efficacy against adult An. gambiae. This pattern suggests that the biologically active compounds responsible for mosquito mortality are predominantly polar in nature and are therefore more efficiently extracted using polar solvents such as ethanol and methanol. This observation is consistent with the findings of (Chore et al., 2014), who reported that solvent polarity significantly influences the insecticidal activity of plant extracts. Variations in insecticidal efficacy observed in this study across different concentrations and solvents further support previous reports that botanical insecticidal activity depends on plant species, mosquito species, geographical location, extraction methods, and solvent polarity (Ghosh et al., 2012).
The high efficacy of ethanol and methanol extracts observed in this study may be attributed to the presence of bioactive secondary metabolites with insecticidal properties. Compounds such as phenols, alkaloids, tannins, flavonoids, and glycosides have been widely reported to contribute to the insecticidal activity of botanical extracts (Endalkachew and Hailu  2014; Tamiru et al., 2014). Plants rich in secondary metabolites are known to exhibit diverse biological activities, including insecticidal effects (Gull et al., 2012; El-Moghazy and Abdel-Shafy 2019)
Neem (Azadirachta indica) has been extensively documented for its effectiveness in mosquito control. The major active compound, azadirachtin, interferes with mosquito feeding behavior, growth, and reproduction. Previous studies have demonstrated the larvicidal and pupicidal activities of neem extracts against various mosquito vectors of malaria and dengue (Govindarajan et al., 2016). In the present study, ethanol extracts of A. indica caused 100% adult mortality at 300 ppm and complete larval mortality at 200 ppm. Similarly, (Nwankwo et al., 2011) reported that neem essential oil exhibited strong repellency against Anopheles mosquitoes. Additionally, neem-based products are considered environmentally safe and biodegradable, with minimal ecological impact compared to synthetic insecticides (Pramanik et al., 2023).
The ethanol and methanol extracts of M. oleifera also exhibited high larvicidal and adulticidal activities against An. gambiae, with mortality increasing in a concentration-dependent manner. These results align with earlier studies reporting that extracts of M. oleifera possess effective larvicidal, pupicidal, and adulticidal properties against various mosquito species across different life stages (Nath  et al., 2006).
Similarly, larvae of An. gambiae were highly susceptible to extracts of E. citriodora, with ethanol and methanol extracts demonstrating superior potency against both larval and adult stages. Complete larval mortality was achieved at higher concentrations, while ethanol extracts produced up to 90.20% adult mortality at 300 ppm within 24 hours. These findings are consistent with the results reported by (Obembe et al., 2024), who observed 100% larval and adult mortality at higher doses of ethanol extracts of E. citriodora.
The larvicidal effectiveness of M. piperita observed in this study corroborates previous findings by 33, who reported over 90% larval mortality after 24 hours of exposure. Furthermore, the efficacy of A. paniculata extracts in mosquito control is supported by the work of (Njom and Eze 2011), who demonstrated the larvicidal, pupicidal, and ovicidal potential of A. paniculata fractions against Aedes aegypti and Culex quinquefasciatus.
CONCLUSION
[bookmark: _GoBack]The results of this study demonstrate that crude ethanol, methanol, n-hexane, and acetone leaf extracts of M. oleifera, E. citriodora, M. piperita, A. indica, and A. paniculata possess varying degrees of larvicidal and adulticidal activity against An. gambiae. Among the tested extracts, ethanol and methanol leaf extracts particularly those of A. indica were the most effective, showing strong potential for development into safe, biodegradable, cost-effective botanical insecticides for mosquito vector control.
Further studies should investigate the insecticidal potential of other plant parts, such as stems, roots, and seeds, as well as conduct detailed phytochemical analyses to identify, characterize, and formulate the bioactive compounds responsible for mosquito control. Such efforts will contribute to the development of sustainable and environmentally friendly alternatives to synthetic insecticides for integrated vector management programs
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