


[bookmark: _Hlk194732641][bookmark: _GoBack]Evaluation of the Knockdown and Insecticidal Potentials of the Essential Oils of Plectranthus amboinicus and Eryngium foetidum Against Culex quinquefasciatus


Abstract
Culex quinquefasicatus is an important vector of lymphatic filariasis and also a well-known nuisance mosquito. The insect’s resistance to synthetic insecticides has made its management extremely challenging. This study evaluated the knockdown and insecticidal effects of essential oils of Plectranthtus amboinicus and Eryngium foetidum against Culex quinquefasicatus. The oils were obtained by hydro-distillation and were each separately serially diluted in 15% tween -80 solution to obtain five concentrations (31.25, 62.5, 125, 250 and 500 μl/ml). Each concentration had four replicates. The control (1ml of 15% tween -80 solution) was also replicated four times. Whatman No. 1 filter paper was separately impregnated with different concentrations of the oils and placed inside the WHO insecticide susceptibility test tubes. Twenty adult mosquitoes were exposed to each oil concentration and control to ascertain the knockdown effect at intervals of 5 for 30 while the insecticidal effect was observed for 60 minutes at intervals of 10 minutes. Complete knockdown was observed in the highest concentration (500μl/ml) for P. amboinicus and E. foetidum after 20 and 30 minutes respectively. Both oils showed increased mortality as concentration increased. After 60 minutes exposure period, P. amboinicus oil recorded 100% mortality against Cu. quinquefasicatus with all test concentrations while 100% mortality was only recorded against the insect after 60 minutes exposure to the highest concentration of E. foetidum oil. There was no knockdown or mortality recorded in the control experiment. Plectranthus amboinicus oil was more potent than E. foetidum oil. This was judged by the 30 minute KD50 value of 12.793 μl/ml and 303.883µl/ml for E. foetidum and P. amboinicus respectively. Also, the LC50 value for P. amboinicus was 67.019 μl/ml while that of E. foetidum was 643.663 μl/ml, supporting a higher susceptibility of Culex quinquefasicatus to the oil of P. amboinicus. Both plant oils exhibited activity against Culex quinquefasicatus but P. amboinicus oil produced a more appreciable potency and should be incorporated into the production of potent natural insecticides against Culex quinquefasicatus.
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1. INTRODUCTION
Mosquitoes are among the most significant vectors of infectious diseases responsible for transmitting pathogens that cause severe morbidity and mortality in humans and animals globally. These insects, belonging to the family Culicidae, play a central role in the transmission of diseases such as lymphatic filariasis, malaria, dengue, Zika, chikungunya, yellow fever, and West Nile virus. According to the World Health Organization (WHO), mosquito-borne diseases account for over 700,000 deaths annually, making them one of the deadliest creatures on Earth (WHO, 2022; WHO, 2023). The capacity of mosquitoes to transmit pathogens comes from their hematophagous (blood-feeding) behaviour, where they act as vectors for various parasites, viruses, protozoa, and nematodes. Through their bites, they can transfer these pathogens from an infected host to an uninfected one, perpetuating disease transmission cycles. Mosquitoes thrive in diverse environments, ranging from urban areas to rural and forested regions, which makes controlling their populations a key challenge in preventing disease outbreaks. Although mosquito-borne diseases are a challenge to human health, human discomfort from bites is also of concern. Another concern is the noise made by some mosquito species, this often disturbs sleep which could result in insomnia with an attendant effect on health.
Culex quinquefasciatus is a well-known nuisance mosquito and a major vector of several diseases that have a profound impact on public health globally (Guo et al., 2020; Madhav et al., 2024). This species transmits pathogens such as West Nile virus (WNV), St. Louis encephalitis virus (SLEV), and is the primary vector of lymphatic filariasis (LF), which affects millions of people worldwide (WHO, 2018; Deribe et al., 2021, Madhav et al., 2024). It also contributes to the spread of newer viral threats like Tembusu virus (TMUV), posing risks to both human and animal health [ Nitatpattana et al., 2017; Guo et al., 2020; Sanisuriwong et al., 2020). One of the main challenges posed by Culex quinquefasciatus is its adaptability to various environments, including urban areas where stagnant water can serve as breeding grounds (Wilke et al., 2021). Recent researches highlight how this mosquito species thrives under a wide range of climatic conditions, and climate change is expected to further expand its geographical distribution (Djoufounna et al., 2022). Warmer temperatures and increased precipitation can facilitate its spread to previously unsuitable areas, exacerbating the risk of disease transmission in new regions. In addition to its role in human disease, Culex quinquefasciatus also transmits pathogens to animals, contributing to the broader ecological impact of mosquito-borne diseases. Studies show that this mosquito species efficiently transmits TMUV and other emerging viruses, which may lead to outbreaks in poultry and other animals, compounding its public health burden (Nitatpattana et al., 2017; Guo et al., 2020).
Vector control has become very essential in the control of mosquito borne diseases (Deribe et al., 2021). The primary goal of vector control is to reduce or eliminate the mosquito populations responsible for spreading disease pathogens. Vector control has a broader environmental and social impact by improving community health and reducing mosquito nuisance. In regions such as sub-Saharan Africa heavily affected by mosquito borne diseases such as lymphatic filariasis and malaria, controlling mosquito populations helps lower the burden of these diseases and the associated economic costs (WHO, 2018; WHO, 2022). For example, lymphatic filariasis causes chronic conditions like elephantiasis and hydrocele, leading to disability and loss of productivity. By reducing the vector population, these socio-economic impacts are alleviated, making vector control a critical part of comprehensive mosquito borne disease elimination strategies (Deribe et al., 2021; WHO, 2023).
The use of synthetic insecticides has over the years remained the most conventional method of insect vector control. However, the strength of these chemical insecticides is no longer sustainable due to several reasons, chief among which is the wide spread development of resistance to these insecticides by the insect vectors (Gan et al., 2021; Sanou et al., 2021; Talipouo et al., 2021). Another problem associated with the use of synthetic insecticide is their non-ecofriendly attributes which often results in harmful side effects. Plant-based insecticides offer several advantages in insect vector control, particularly in managing vectors such as mosquitoes (Ubulom et al., 2019; Umohata et al., 2020; Ubulom et al., 2024). Plant-based pesticides are derived from natural sources, making them biodegradable and less harmful to ecosystems. These natural alternatives are gaining attention due to their efficacy and environmental benefits compared to synthetic chemicals. Plants have the ability to synthesize compounds known as metabolites and the biological activities or potentials of these compounds have been identified (Ghosh et al., 2012). Also, essential oil extracted from plants such as, Annona muricata, Zingiber officinale and Syzygium aromaticum have been reported to show knockdown, insecticidal, repellent, and antifeedant activities against mosquitoes and other insect pests (Ubulom et al., 2019; El Karkouri et al., 2021; Umohata et al., 2024)
[bookmark: _Hlk217130380][bookmark: _Hlk217130517]Plectranthus amboinicus is a perennial herb that occurs naturally throughout the tropics and warm regions of Africa, Asia and Australia (Arumugam et al., 2016). The nutritional and therapeutic properties of this plant have been documented (Lukhoba et al., 2006; Arumugam et al., 2016). Also, studies have reported the antimicrobial, antiinflamentory, antitumor, wound healing, larvicidal and antioxidant activities of this plant (Lukhoba et al., 2006; Kweka et al., 2012; Paramasivam et al., 2020). The leaf extract of this plant has been found to be effective against cardiovascular, skin, digestive and urinary diseases (Lukhoba et al., 2006)
[bookmark: _Hlk217131050]Eryingium foetidium is a member of the Apiaceae family, the plant is native to Central America and West Indies and is widely distributed throughout tropical and sub-tropical parts of the world including Nigeria (Wong et al., 1994; Thomas et al., 2019). The leaves of this plant are reported to possess a characteristic pungent smell and also have several uses such as remedy for diabetes and hypertension, rheumatism, cold, asthma, cough and stomach disorder (Martins et al., 2003; Ortiz-Ruiz et al., 2024). The decoction of the leaves is known for its parasiticide, antihelmentic, antibacterial, anticancer and larvicidal uses (Shavandi et al., 2012; Aung et al., 2016; Linguaraju et al., 2016; Ortiz-Ruiz et al., 2024). However, there is a paucity of scientific information on the efficacy of P. amboinicus and E. foetidium against adult Culex quinquefasciatus mosquitoes, hence the need for this study.

2.  MATERIALS AND METHODS
2.1  Collection, Identification and Authentication of E. foetidum and P. amboinicus
The plants used in this study were sourced from the medicinal plant garden of the Department of Pharmacognosy and Natural Medicine, Faculty of Pharmacy, University of Uyo, Nigeria. Their identification and authentication were carried out by a plant taxonomist from the Department of Botany and Ecological Studies, Faculty of Science, University of Uyo, Nigeria, with voucher numbers UUH40019 and UUH40026 assigned to P. amboinicus and E. foetidum, respectively. 

2.2  Oil Distillation
The leaves of P. amboinicus and the aerial parts of E. foetidum used in this study were processed by washing separately and allowing them to drain by shade drying on a laboratory bench for two hours. The plant materials were then shredded and individually weighed using a triple-beam balance before being stored in sterile, labelled sample bags. Oil extraction from 1000 g of each plant sample was conducted separately via hydrodistillation using a 5 L capacity Clevenger-type apparatus, following the procedures outlined in the (Medicines & Health Care Products Regulatory Agency, 2018). For each extraction, 2.5 litres of water was added to 1000 g of plant material in the flask of the Clevenger apparatus, and the mixture was heated using a heating mantle set to 70°C for four hours. The extracted oils were collected in labelled glass sample bottles, dried over sodium sulphate to remove residual moisture, and stored in a deep freezer at -4°C until use.

2.3 Test Mosquito Species
The Culex quinquefasciatus mosquitoes used in this study were sourced from larval stock maintained in the Insectary of the Department of Animal and Environmental Biology, Faculty of Biological Science, University of Uyo, Nigeria. They were reared to adulthood following standard procedures before the experiments commenced (Ejeta et al., 2021). Rearing involved selecting fourth instar larvae of Culex quinquefasciatus from the larval stock using pipettes and transferring them into cups containing 100 ml of water each. These cups were placed in screened metal cages measuring 30 × 50 × 20 cm (length, width, and depth, respectively). The larvae were fed with a small amount of fine Quaker oats dissolved in water (Ubulom et al., 2019; Umohata et al., 2020).
Once pupae emerged, they were transferred to separate cups containing 100 ml of water without nutrients and kept in the same cages for adult emergence. The adult Culex quinquefasciatus mosquitoes were subsequently fed on a 10% sucrose solution soaked in cotton pads (Pappathi et al., 2021)

2.4 Preparation of Test Oil Concentrations:
 The oil concentrations for this study were prepared separately for each plant oil from a stock solution (1 ml of pure oil) through a two-fold serial dilution, using 15% Tween 80 as the diluent. This process yielded essential oil concentrations of 31.25, 62.50, 125, 250, and 500 µl/ml for P. amboinicus and E. foetidum, which were used in the experiments. Each control setup consisted of 1 ml of 15% Tween 80 without essential oil.

2.5 Knockdown Tests: 
The knockdown potential of the oils from P. amboinicus and E. foetidum was evaluated against adult Culex quinquefasciatus mosquitoes in the laboratory of the Department of Animal and Environmental Biology, Faculty of Biological Sciences, University of Uyo, Nigeria. Each test oil was prepared in five concentrations, with each concentration replicated four times. The control setup, consisting of 1 ml of 15% Tween 80, was also replicated four times. Adult Cu. quinquefasciatus mosquitoes were collected from the rearing cage using an aspirator and exposed to the experimental and control setups within WHO Insecticide Susceptibility Test tubes. For each replicate, 20 adult mosquitoes were used, resulting in a total of 80 mosquitoes exposed per test concentration, as well as for the control setup.
The knockdown efficacy of each oil was determined by impregnating a 12 × 15 cm sheet of Whatman No. 1 filter paper with 1 ml of the test oil using a micropipette. The impregnated filter paper was air-dried for 5 minutes before being placed into the WHO susceptibility test tubes, following standard procedures (WHO, 2016). Knockdown effect was assessed visually at 5-minute intervals over a total exposure period of 30 minutes.


2.6 Insecticidal Tests: 
To determine the insecticidal efficacy of the oils, five concentrations (31.25, 62.50, 125, 250, and 500 µl/ml) were prepared for each oil, with each concentration replicated four times. The control setup, along with its replicates, consisted of 1 mL of 15% Tween 80. Adult Cu. quinquefasciatus mosquitoes were collected from the rearing cages, as described in the knockdown tests, and exposed to the test oil concentrations and their controls within transparent WHO Insecticide Susceptibility Test tubes. For each experimental setup, 20 adult mosquitoes were exposed, resulting in a total of 80 mosquitoes per oil concentration and control. The insecticidal efficacy of each oil concentrations and the control was assessed over a 60-minute period, with observations recorded at 10-minute intervals.
2.7 Statistical Analysis: 
The data generated from this research were analyzed using one-way analysis of variance (ANOVA) to assess the significance of the differences in the potency of the oils. Probit analysis was performed to determine the median lethal concentrations (LC50) of the oils along with their confidence intervals. Additionally, the Log-time Probit model was applied to estimate knockdown doses (KD). All statistical analyses were conducted using SPSS version 21.

3 RESULTS
 3.1 Knockdown Effect of the Oils of P. amboinicus and E. foetidum 
The oil yield analysis indicated that P. amboinicus had a higher essential oil content (0.2%) compared to E. foetidum (0.05%). When test mosquitoes were exposed to the lowest concentration (31.25 µl/ml) of P. amboinicus oil, 26 mosquitoes (32.5%) were knocked down within 15 minutes. By the end of the 30-minute exposure period, the same concentration achieved a 100% knockdown effect. At the highest concentration (500 µl/ml), P. amboinicus oil knocked down 100% of the mosquitoes within 15 minutes of exposure. Results detailing the knockdown effects of other concentrations of the oils are presented in Table 1 (a and b). Additionally, it was observed that all mosquitoes knocked down after exposure to 500 µl/ml of P. amboinicus oil were moribund. Mosquitoes that were not immediately knocked down during the initial 5 minutes of exposure to this concentration exhibited reduced agility.





Table 1a:	Knockdown Effect of Different Concentrations of P. amboinicus oil on Cu. quinquefasciatus
	Concentration (µl/ml)
	Total Number Knocked Down (%)/Time of Exposure

	
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min

	31.25
	6(7.5)
	14(17.5)
	26(32.5)
	36(45)
	62(77.5)
	80(100)

	62.5
	18(22.5)
	36(48)
	50(62.5)
	62(77.5)
	78(97.5)
	80(100)

	125
	30(37.5)
	60(75)
	76(95)
	80(100)
	80(100)
	80(100)

	250
	34(42.5)
	64(80)
	78(97.5)
	80(100)
	80(100)
	80(100)

	500
	42(52.5)
	76(95)
	80(100)
	80(100)
	80(100)
	80(100)

	Control 
(1ml of 15% Tween 80)
	0(0)
	0(0)
	0(0)
	0(0)
	0(0)
	0(0)


No. of test mosquitoes per group (n)=80; Values in bracket are percentage knockdown values





Table 1b:	Mean Knockdown values of Cu. quinquefasciatus exposed to different concentrations of P. amboinicus oil
	Concentration (µl/ml)
	

	
	5 minutes
	10 minutes
	15 minutes
	20 minutes
	25 minutes
	30 minutes

	31.25
	1.50±0.29d
	3.50±0.29d
	6.50±0.29c
	9.00±0.58c
	15.50±0.29b
	20.00±0.00a

	62.5
	4.50±0.29c
	9.00±0.58c
	12.50±0.29b
	15.50±0.29b
	19.50±0.29a
	20.00±0.00a

	125
	7.50±0.29b
	15.00±0.58b
	18.00±0.58a
	19.25±0.75a
	20.00±0.00a
	20.00±0.00a

	250
	8.50±0.29b
	16.00±0.58b
	19.00±0.58a
	20.00±0.00a
	20.00±0.00a
	20.00±0.00a

	500
	10.50±1.29a
	19.00±0.58a
	20.00±0.00a
	20.00±0.00a
	20.00±0.00a
	20.00±0.00a

	Control (1ml of 15% Tween 80)
	0.00±0.00e
	0.00±0.00e
	0.00±0.00d
	0.00±0.00d
	0.00±0.00d
	0.00±0.00b

	Total
	5.42±0.79
	10.42±1.45
	12.67±1.54
	13.96±1.54
	15.83±1.51
	16.67±1.55

	p Value
	<0.001*
	<0.001*
	<0.001*
	<0.001*
	<0.001*
	N/A


No. of test mosquitoes per group (n)=80; Values of knockdown are Mean ± SE
Means along the same column with the same superscript = not significantly different 
Means along the same column with different superscripts = significant

In this study, 10% of the test mosquitoes exposed to 31.25 µl/ml of E. foetidum oil were knocked down after a 30-minute exposure period. At a concentration of 250 µl/ml, the oil achieved a 70% knockdown effect within the same exposure period. At 500 µl/ml, E. foetidum oil elicited a 100% knockdown of the mosquitoes by the end of 30 minutes. Additional results detailing the knockdown effects of other concentrations of E. foetidum oil are presented in Table 2 (a and b). No knockdown effect was observed in mosquitoes exposed to the control (15% Tween-80) and its replicates throughout the 30-minute experiment.

Table 2a: Knockdown effect of different concentrations of E. foetidum oil on Cu. quinquefasciatus
	Concentration
(µL/mL)
	Total Number Knocked Down (%)/ Time Exposure

	
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min

	31.25
	0(0)
	0(0)
	0(0)
	0(0)
	4(5)
	8(10)

	62.5
	0(0)
	0(0)
	0(0)
	0(0)
	8(10)
	16(20)

	125
	0(0)
	0(0)
	8(10)
	16(20)
	20(25)
	24(30)

	250
	12(15)
	24(30)
	28(35)
	32(40)
	44(55)
	56(70)

	500
	26(32.5)
	52(65)
	56(70)
	64(80)
	76(95)
	80(100)

	Control (1ml of 15% Tween 80)
	0(0)
	0(0)
	0(0)
	0(0)
	0(0)
	0(0)


No. of test mosquitoes per group (n)=80; Values in bracket are percentage knockdown values
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Table 2b:	Mean Knockdown values of Cu. quinquefasciatus exposed to different concentrations of E. foetidum oil
	Concentration (µl/ml)
	

	
	5 minutes
	10 minutes
	15 minutes
	20 minutes
	25 minutes
	30 minutes

	31.25
	0.00±0.00c
	0.00±0.00c
	0.00±0.00c
	0.00±0.00
	1.00±0.58d
	2.00±1.15d

	62.5
	0.00±0.00c
	0.00±0.00c
	0.00±0.00c
	0.00±0.00
	2.00±0.00d
	4.00±0.00cd

	125
	0.00±0.00c
	0.00±0.00c
	2.00±0.00c
	4.00±0.00
	5.00±0.58c
	6.00±1.15c

	250
	3.00±0.58b
	6.00±1.15b
	7.00±0.58b
	8.00±0.00
	11.00±0.58b
	14.00±1.15b

	500
	6.50±0.87a
	13.00±1.73a
	14.00±1.15a
	16.00±0.00
	19.00±0.58a
	20.00±0.00a

	Control (1ml of 15% Tween 80)
	0.00±0.00c
	0.00±0.00c
	0.00±0.00c
	0.00±0.00
	0.00±0.00d
	0.00±0.00d

	Total
	1.58±0.53
	3.17±1.07
	3.83±1.09
	4.67±1.22
	6.33±1.41
	7.67±1.50

	p Value
	<0.001*
	<0.001*
	<0.001*
	N/A
	<0.001*
	<0.001*


     No. of test mosquitoes per group (n)=80; Values of knockdown are Mean ± SE
        Means along the same column with the same superscript = not significantly different 
        Means along the same column with different superscripts = significant


3.2 Insecticidal effects of oils of P. amboinicus and E. foetidum 
Observations on the insecticidal effect of 31.25 µl/ml of P. amboinicus oil showed 100% mortality of the test mosquitoes at the end of a 60-minute exposure period. Exposure to 125 µl/ml of the same oil resulted in 100% mortality within 50 minutes. At the highest concentration (500 µl/ml), the oil elicited total mortality (100%) after 40 minutes of exposure. Additional results on the insecticidal effects of other concentrations of P. amboinicus oil are presented in Table 3 (a and b).

Table 3a:	Insecticidal effect of different concentrations of P. amboinicus oil on Cu. quinquefasciatus
	Concentration (µl/ml)
	Total Mortality (%)/Time of Exposure

	
	10 min
	20 min
	30 min
	40 min
	50 min
	60 min

	31.25
	0(0)
	6(7.5)
	16(20)
	26(32.5)
	50(62.5)
	80(100)

	62.5
	0(0)
	14(17.5)
	34(42.5)
	52(65)
	70(87.5)
	80(100)

	125
	0(0)
	16(20)
	40(50)
	60(75)
	80(100)
	80(100)

	250
	6(7.5)
	32(40)
	58(72.5)
	72(90)
	80(100)
	80(100)

	500
	24(30)
	58(72.5)
	76(95)
	80(100)
	80(100)
	80(100)

	Control (1ml of 15% Tween 80)
	0(0)
	0(0)
	0(0)
	0(0)
	0(0)
	0(0)


No. of test mosquitoes per group (n)=80; Values in bracket are percentage mortality values


Table 3b:	Mean Mortality values of Cu. quinquefasciatus exposed to different concentrations of P. amboinicus oil
	Concentration (µl/ml)
	

	
	10 minutes
	20 minutes
	30 minutes
	40 minutes
	50 minutes
	60 minutes

	31.25
	0.00±0.00c
	1.50±0.29ef
	4.00±0.58d
	6.50±0.29e
	12.50±1.44b
	20.00±0.00

	62.5
	0.00±0.00c
	3.50±0.29de
	8.50±0.87c
	13.00±0.58d
	17.50±0.29a
	20.00±0.58

	125
	0.00±0.00c
	4.00±0.58c
	10.00±0.58c
	15.00±0.00c
	20.00±0.00a
	20.50±0.87

	250
	1.50±0.28b
	8.00±0.58b
	14.50±0.29b
	18.00±0.58b
	20.00±0.00a
	20.00±0.58

	500
	6.00±0.58a
	14.50±0.87a
	19.00±0.58a
	20.00±0.00a
	20.00±0.00a
	20.00±0.00

	Control (1ml of 15% Tween 80)
	0.00±0.00c
	0.00±0.00f
	0.00±0.00e
	0.00±0.00f
	0.00±0.00c
	0.00±0.00

	Total
	1.25±0.47
	5.25±1.02
	9.33±1.33
	12.08±1.44
	15.00±1.52
	16.67±1.55

	p Value
	<0.001*
	<0.001*
	<0.001*
	<0.001*
	<0.001*
	N/A


      No. of test mosquitoes per group (n)=80; Values of knockdown are Mean ± SE
        Means along the same column with the same superscript = not significantly different 
        Means along the same column with different superscripts = significant

	When adult Cu. quinquefasciatus mosquitoes were exposed to 125 µl/ml of essential oil from E. foetidum, 50% mortality was observed after a 60-minute exposure period. In contrast, exposure to the highest concentration of the oil (500 µl/ml) resulted in 100% mortality within the same period. Additional results are detailed in Table 4 (a and b). No mortality was recorded in the control group (15% Tween-80) or its replicates throughout the 60-minute exposure period.
Table 4a: Insecticidal effect of different concentrations of E. foetidum oil on Cu. quinquefasciatus
	Concentration
(µl/ml)
	Total Mortality (%) / Time of Exposure

	
	10 min
	20 min
	30 min
	40 min
	50 min
	60 min

	31.25
	0(0)
	0(0)
	0(0)
	0(0)
	8(10)
	16(20)

	62.5
	0(0)
	0(0)
	0(0)
	0(0)
	0(0)
	24(30)

	125
	0(0)
	0(0)
	0(0)
	0(0)
	8(10)
	40(50)

	250
	0(0)
	0(0)
	0(0)
	24(30)
	40(50)
	56(70)

	500
	0(0)
	12(15)
	24(30)
	40(50)
	72(90)
	80(100)

	Control (1ml of 15% Tween 80)
	0(0)
	0(0)
	0(0)
	0(0)
	0(0)
	0(0)


No. of test mosquitoes per group (n)=80; Values in bracket are percentage mortality values



Table 4b: 	Mean mortality values of Cu. quinquefasciatus exposed to different concentrations of E. foetidum oil
	Concentration 
(µl/ml)
	

	
	10 minutes
	20 minutes
	30 minutes
	40 minutes
	50 minutes
	60 minutes

	31.25
	0.00±0.00
	0.00±0.00b
	0.00±0.00b
	0.00±0.00b
	2.00±1.15c
	4.00±0.00d

	62.5
	0.00±0.00
	0.00±0.00b
	0.00±0.00b
	0.00±0.00b
	0.00±0.00c
	6.00±1.15d

	125
	0.00±0.00
	0.00±0.00b
	0.00±0.00b
	0.00±0.00b
	2.00±1.15c
	10.00±1.15c

	250
	0.00±0.00
	0.00±0.00b
	0.00±0.00b
	2.00±1.15b
	10.00±1.15b
	14.00±1.15b

	500
	0.00±0.00
	3.00±0.58a
	6.00±1.16a
	10.00±1.15a
	18.00±1.15a
	20.00±0.00a

	Control (1 ml of 15% Tween 80)
	0.00±0.00
	0.00±0.00b
	0.00±0.00b
	0.00±0.00b
	0.00±0.00c
	0.00±0.00e

	Total
	0.00±0.00
	0.50±0.25
	1.00±0.50
	2.33±0.80
	5.33±1.42
	9.00±1.41

	p Value
	NA
	<0.001*
	<0.001*
	<0.001*
	<0.001*
	<0.001*


        No. of test mosquitoes per group (n)=80; Values of mortality are Mean ± SE;
         Means along the same column with the same superscript = not significantly different 
           Means along the same column with different superscripts = significant

3.3 Median 30 minutes KD50 and 60 minutes LC50 values of essential oils of P. amboinicus and E. foetidum 

The 30-minute KD50 and 60-minute LC50​ values, along with their confidence intervals, for the essential oils of P. amboinicus and E. foetidum tested against Cu. quinquefasciatus are presented in Tables 5 and 6, respectively.

Table 5: 	30 Minute KD50 values of P. amboinicus and E. foetidum oils tested on Cu. quinquefascitus
	Oils
	KD50 Values (µl/ml)
	Confidence Interval (µl/ml)

	P. amboinicus
	12.793
	2.125 - 27.245

	E. foetidum
	303.883
	210.356 - 787.221



Table 6: 60 Minute LC50 values of P. amboinicus and E. foetidum oils tested on Cu. quinquefasciatus
	Oils
	LC50 Values (µl/ml)
	Confidence Interval (µl/l)

	P. amboinicus
	67.019
	34.552 - 101.432

	E. foetidum
	643.663
	442.229 - 1213.759





4 DISCUSSION
This study was conducted to evaluate the potency of essential oils derived from Plectranthus amboinicus and Eryngium foetidum against adult Culex quinquefasciatus mosquitoes. The knockdown and insecticidal effects demonstrated by the oils indicate that P. amboinicus oil exhibited significant potency against Cu. quinquefasciatus. Although E. foetidum oil showed some knockdown and mortality effects, its overall efficacy was less pronounced than that of P. amboinicus. 
[bookmark: _Hlk217132619]This research also demonstrated that the essential oil extracted from the fresh leaves of P. amboinicus exhibited a concentration and time dependent effect against adult Culex quinquefasciatus. Previous studies have documented the biological activity of P. amboinicus oil against mosquito species such as Ochlerotatus caspius, Aedes aegypti and Anopheles gambiae showing varying significant potency against these test species (Knio et al., 2008; Paramasivam et al., 2020; Ubulom et al., 2024). Additionally, the oil from P. amboinicus leaves has been reported to be particularly rich in phenolic monoterpenes, including thymol and carvacrol, which are believed to possess various pharmacological and biological properties (Arumugam et al., 2016). While the GC-MS analysis of the chemical constituents of the oils used in this study is ongoing, earlier reports of P. amboinicus oil on Anopheles stephensi attributed its efficacy to the presence of these compounds (Senthilkumar and Venkatesalu, 2010).  
[bookmark: _Hlk185757638]The toxicity of essential oil from P. amboinicus on the larvae of Cu. quinquefasciatus, Aedes albopictus and Aedes aegypti was evaluated. The study reported the high sensitivity of Cu. quinquefasciatus larvae to the essential oil of P. amboinicus when compared to the other two species (Huang et al., 2019). In this study, the knockdown and insecticidal effects of P. amboinicus oil on Cu. quinquefasciatus were observed and were highly significant. The effects are likely attributable to the active compounds in the oil (Senthilkumar and Venkatesalu, 2010). Overall, the findings of this study confirm the potent activity of P. amboinicus oil against Cu. quinquefasciatus mosquitoes.
[bookmark: _Hlk217133020]This investigation also highlighted that the efficacy of E. foetidum oil was both concentration and time dependent. Previous research on the chemical composition and antioxidant properties of E. foetidum as well as its insecticidal and phytotoxic activity revealed the presence of aliphatic and aromatic compounds with biological activity (Huang et al., 2019; Thomas et al., 2019). It was reported that E. foetidum essential oil, widely used as a medicinal herb in tropical regions, demonstrated effectiveness against Hyalomma lusitanicum, suggesting its potential as a natural biocide or acaricide for controlling this pest (Rodriguez-Orozio et al., 2023). This activity was attributed to the oil's high content of aldehydes and benzene derivatives. Furthermore, E. foetidum essential oil was noted to have no adverse phytotoxic effects and exhibited repellency and contact toxicity against the red flower beetle, Tribolium castaneum (Ruchuon and Mongkol 2022; Rodriguez-Orozio et al., 2023).  Also, the bio-efficacy of E. foetidum oil on adult Anopheles gambiae has been documented by Ubulom et al. (2024). The study reported a higher susceptibility of An. gambiae to E. foetidum oil (250µl/ml) than P. amboinicus oil with 100% knockdown and mortality recorded after an exposure period of 20 and 40 minutes respectively.
In this research, the knockdown and insecticidal effects of E. foetidum oil on Culex quinquefasciatus were observed but were not highly significant. The findings from this study have highlighted differences in the susceptibility of Cu. quinquefasciatus to the two oils tested. Although E. foetidum oil in another study had demonstrated a higher efficacy against adult Anopheles gambiae than E. foetidum oil (Ubulom et al., 2024), it was not particularly effective against Culex quinquefasciatus in this investigation. Syed et al. (2012), reported that the effectiveness of plant extracts against mosquitoes can vary depending on the plant species and mosquito species tested. This could also explain the differences in the susceptibility of the mosquito species to the tested oils.
The superior potency of P. amboinicus oil was further supported by probit analysis, which determined the 30-minute KD₅₀ and 60-minute LC₅₀ values as 12.798 µl/ml and 67.019 µl/ml, respectively, compared to 303.882 µl/ml and 643.663 µl/ml for E. foetidum. The absence of mortality observed when mosquitoes were exposed to 15% Tween-80 (control and replicates), suggests that tween-80 had no deleterious effects on adult Cu. quinquefasciatus.

5 CONCLUSIONS
Synthetic insecticides face significant limitations, including the development of resistance among vector species. Natural products derived from plants offer a promising alternative to mitigate these challenges. Plants are rich in bioactive phytochemicals, which can act as toxins, growth regulators, feeding deterrents and repellents against insect pests and vectors. These compounds are often biodegradable, less toxic to non-target organisms and as documented by Ohia and Ana, (2015) are less likely to induce resistance. Exploring plant-based insecticidal agents could provide effective tools for controlling mosquito-borne diseases such as lymphatic filariasis, transmitted by female Culex quinquefasciatus. The essential oil extracted from P. ambionicus and E. foetidum plants known for their ethnomedicinal value, demonstrated knockdown and insecticidal activity against the Culex quinquefasciatus species used in this research. The mosquitoes were more susceptible to P. amboinicus oil compared to the E. foetidum oil as shown by their lower KD₅₀ and LC₅₀ values. These results suggest that the essential oils of P. ambionicus and E. foetidum could be developed into a plant-based insecticide for use in controlling Culex quinquefasciatus.
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