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Susceptibility of Culex pipiens from Essien Udim, Nigeria to the Essential Oil of Corymbia torelliana (K. D. Hills & L. A. S. Johnson)


ABSTRACT
Mosquitoes serve as major vectors of disease-causing organisms such as filarial worms, malaria parasites, and arboviruses in sub-Saharan Africa, including Nigeria. Effective vector surveillance is critical in the control and elimination strategies. This study was conducted to evaluate the efficacy of Corymbia torelliana essential oil against Culex pipiens mosquitoes from Ukana Uwa West and Adiasim Ikot Essiendot both in Essien Udim local Government area of Akwa Ibom State. Larvae collected from both communities were reared to adults. Adult mosquitoes were morphologically identified using standard taxonomic keys and Culex pipiens was used for susceptibility tests. Test oil was obtained from the flower and flower buds of Corymbia torelliana by hydro-distillation and the composition determined via Gas Chromatography-Mass Spectrometry (GC-MS). From 4 ml stock solution, 31.25, 62.50, 125 and 250 and 500 µl/mL concentrations of C. torelliana oil were prepared using two-fold serial-dilution with 10% Tween 80 as diluent. Each concentration and control had 100 adult mosquitoes exposed. Essential oil from C. torelliana revealed 18 volatile compounds. Major constituents included α-Terpineol (34.60%), α-Pinene (10.15%), p-Cymen-8-ol (8.27%), Copaene (6.53%), and Verbenol (5.47%). Susceptibility tests showed that Cu. pipiens from Adiasim Ikot Essiendot was more susceptible to the oil than those from Ukana Uwa West. Complete knockdown was achieved at 125 µl/mL after 30 minutes in Adiasim, while 250 µl/mL was needed in Ukana. Full mortality occurred at 500 µl/mL in both populations. Probit analysis confirmed lower KD₅₀ and LC₅₀ values for the Adiasim population, indicating higher sensitivity. These findings suggest that C. torelliana essential oil has potential as a natural adulticidal agent against Cu. pipiens, one of the causative agents of lymphatic filariasis.
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1.  INTRODUCTION
Mosquitoes, belonging to the dipteran family Culicidae, are blood-feeding flies and serve as major vectors of zoonotic diseases worldwide (WHO, 2024). These insects transmit a wide range of arboviruses (arthropod-borne viruses), which present serious public health threats and cause significant morbidity and mortality in both humans and animals. Over 100 mosquito-borne arboviruses are known to be potentially life-threatening (Nebbak et al., 2022; Ferraguti, 2024). Major diseases transmitted by mosquitoes include filariasis, Japanese encephalitis, dengue fever, yellow fever, and malaria. These illnesses continue to contribute to high disease burdens, loss of life, and considerable socio-economic disruption globally (Chilakam et al., 2023; Roiz et al., 2024).
The Culicidae family includes over 3,200 mosquito species worldwide (Sarra et al., 2017). Among these, the Culex genus is the most widespread, comprising around 800 species. Notable members such as Culex pipiens, Cu. quinquefasciatus, and Cu. tarsalis are common across North America, Europe, the Arabian Peninsula, and other regions. Culex pipiens (commonly known as the common or northern house mosquito) has a broad geographic distribution, including Europe, Africa, Asia, North and South America, and Australia, as well as Saudi Arabia (Harbach, 2012; Sarra et al., 2017). It is a species complex characterized by considerable morphological and biological variation. This mosquito is a key vector for several diseases, including West Nile virus, filariasis caused by Wuchereria bancrofti, Brugia malayi, Sindbis virus, St. Louis encephalitis, Western equine encephalitis, Rift Valley fever, Japanese encephalitis, Tahyna virus, avian malaria, and Oropouche fever (Dehghan et al., 2010; Harbach, 2012). In addition to its medical importance, Cu. pipiens is also a nuisance species due to its wide host range and the high-pitched noise it is known for.
Vector control plays a crucial role in the prevention and management of mosquito-borne diseases (Deribe et al., 2021). Its primary objective is to reduce or eliminate mosquito populations that transmit disease-causing pathogens. Beyond disease prevention, effective vector control also enhances public health and minimizes the nuisance caused by mosquitoes, contributing to improved quality of life. In regions like sub-Saharan Africa where diseases such as malaria and lymphatic filariasis are prevalent vector control significantly reduces disease transmission and the associated economic burden (WHO, 2019). Lymphatic filariasis, for instance, can result in debilitating conditions such as elephantiasis and hydrocele, leading to long-term disability and reduced productivity. By targeting mosquito vectors, these socio-economic consequences can be mitigated. As such, vector control remains a key component in integrated strategies aimed at eliminating mosquito-borne diseases (WHO, 2019; Deribe et al., 2021).
For many years, synthetic insecticides have been the most commonly used method for controlling insect vectors. However, their effectiveness is increasingly compromised, primarily due to the widespread development of resistance among target insect populations (Gan et al., 2021; Sanou et al., 2021; Talipouo et al., 2021). Additionally, synthetic insecticides often pose environmental risks, as many are not eco-friendly and can produce harmful side effects. In contrast, plant-based insecticides offer a promising alternative for vector control, particularly in managing mosquitoes (Ubulom et al., 2019; Umohata et al., 2020; Ubulom et al., 2024). Derived from natural sources, these botanicals are biodegradable and generally safer for the environment. Their growing popularity stems from both their proven efficacy and their reduced ecological impact compared to synthetic chemicals. Plants produce a wide array of bioactive compounds, known as metabolites, many of which have demonstrated significant insecticidal properties (Ghosh et al., 2012). Essential oils extracted from plants such as Annona muricata, Eryngium foetidum, Zingiber offincinale, Syzygium aromaticum and Plectranthus amboinicus have been reported to exhibit insecticidal, repellent, knockdown, and antifeedant activities against mosquitoes and other insect pests (Ubulom et al., 2019; Umohata et al., 2024; Ubulom et al., 2024). These findings highlight the potential of plant-based products as sustainable tools in integrated mosquito vector management.
Corymbia torelliana belongs to the Myrtaceae family, which comprises over 133 genera and more than 3,800 species worldwide (Wilson et al., 2001). This family includes the eucalypts, Eucalyptus, Corymbia, and Angophora which are native to the edges of tropical rainforests in Australia and are among the most widely planted hardwood trees globally (Hodel, 2012). The genus name Corymbia is derived from the term “corymb,” a type of flower arrangement in which flower stalks emerge from different points on the twig but form a flat-topped cluster (Hodel, 2012). The species name torelliana honors Count Luigi de Torelli, an Italian Senator who promoted the use of eucalypts to drain the malarial Pontine Marshes near Rome (Hodel, 2012). Initially described as Eucalyptus torelliana in 1877 from a specimen collected by E. Fitzalan in Trinity Bay, Queensland, Australia, the species was reclassified in 1995 by Australian botanists K.D. Hill and L.A.S. Johnson. Based on genetic and morphological evidence, they assigned it to the newly established genus Corymbia, recognizing its distinction from other Eucalyptus species (Hill & Johnson, 1995; Rozefelds, 1996).
Corymbia torelliana has a history of use in traditional medicine across countries such as Côte d'Ivoire, Nigeria, India, and Brazil. Its leaves have been used to treat various conditions, including toothaches, obesity, diabetes, respiratory and intestinal disorders, skin diseases, cancer, typhoid fever, and malaria (Bedi et al., 2003; Sillifat et al., 2005; Akin-Osanaiye et al., 2007). Additionally, essential oils (EOs) extracted from the leaves and fruits of C. torelliana have demonstrated cytotoxic effects against several cancer cell lines, including PC-3, Hep G2, Hs 578T, and MDA-MB-231 (Sillifat et al., 2005). The leaf essential oil has also shown moderate fumigant and repellent activity against the female coffee berry borer (Hypothenemus hampei) (Filomeno et al., 2017). Despite these promising findings, there is currently no documented evidence on the effectiveness of C. torelliana against adult Culex pipiens mosquitoes. This gap in knowledge highlights the need for further investigation, which this study has attempted to address.

2. MATERIALS AND METHODS
2.1    	Collection and Identification of Plant Material
The plant used in this study, Corymbia torelliana (F. Muell.) K.D. Hill & L.A.S. Johnson, was collected from the Town Campus of the University of Uyo, Nigeria. Identification was carried out by Prof. (Mrs.) M. E. Bassey, a taxonomist in the Department of Botany and Ecological Studies, University of Uyo. A voucher specimen was prepared, assigned the number Umohata, UUYH 4575, and deposited in the herbarium of Botany and Ecological Studies, University of Uyo for future reference.

2.2 	Plant Processing
The flowers and flower buds of C. torelliana were cleaned with water and shade-dried on a laboratory bench for two hours to allow moisture to drain. After drying, the plant materials were pulverized using a manual blender. The resulting powder was weighed using a triple-beam balance and stored in sterile, labeled sample bags for subsequent use.

2.3 	Oil Extraction
Essential oil extraction was performed using hydro-distillation with a 5-liter capacity Clevenger-type apparatus, in accordance with the procedures outlined in the British Pharmacopoeia (2018). A total of 3,770 g of the pulverized plant material was mixed with 2.5 liters of water in the distillation flask. The mixture was heated with a mantle set at 70°C and distilled for four hours. The extracted essential oil was collected into labeled glass bottles, dried over anhydrous sodium sulphate to eliminate residual moisture, and stored in a deep freezer at -4°C until further analysis.

2.4 	Gas Chromatography–Mass Spectrometry (GC–MS) Analysis
The essential oil was analyzed using the method described by Essien et al. (2019). The analysis was conducted at Leedex Laboratories, Lagos, Nigeria, using a Gas Chromatography–Mass Spectrometry (GC–MS) system manufactured by Agilent Technologies (Santa Clara, CA, USA). The system comprised an Agilent 7890N gas chromatograph coupled with a Triple Quad 7000A mass spectrometer, operating in electron ionization (EI) mode at 70 eV, with a scan range of m/z 40–600 amu. Data acquisition and processing were carried out using Agilent ChemStation software. Separation was achieved on an HP-5 ms fused silica capillary column (30 m × 250 µm × 0.25 µm film thickness), coated with 5% phenyl-methyl polysiloxane as the stationary phase. Helium served as the carrier gas, maintained at a constant pressure of 100.0 KPA and a flow rate of 0.80 ml/min. The inlet and mass spectrometer detector (MSD) temperatures were both set to 250 °C. The oven temperature programme was as follows: an initial temperature of 50 °C held for 5 minutes, followed by a ramp of 6 °C/min to 190 °C, held for 20 minutes; then increased at 7 °C/min to 290 °C and held for 15 minutes; and finally increased at 7 °C/min to 300 °C, where it was held for 10 minutes. The oil sample was dissolved in dichloromethane, and 2 µL of the solution was injected with a split ratio of 20:1 (split flow: 19.9 ml/min). Compound identification was performed by comparing the resulting mass spectra with those in the NIST 11.s library database and by referencing retention indices (RI) from published literature. The relative concentrations of the components were calculated as the percentage of each compound’s peak area relative to the total peak area of the chromatogram. Retention indices were determined using a homologous series of n-alkanes and calculated by linear interpolation on the HP-5 ms column.

2.5 	Mosquito Larval Collection and Rearing
[bookmark: _Hlk204756235]Intensive mosquito larval sampling was conducted twice weekly from July to October 2024 across the two communities.  Puddles, ponds, stagnant water, tree-holes, plant axils, clay pots, used or discarded vehicle tyres and domestic containers were sampled for larvae. A total of 20 locations were sampled, with ten sites per community. Sampling was performed using a 175 ml dipper as described by Service, (2012). Collected samples from each community were carefully transported in labelled plastic containers to the insectary of the Department of Animal and Environmental Biology, Faculty of Biological Sciences, University of Uyo. Larvae from each community were separately reared in labelled rearing troughs in the insectary using water taken from breeding habitats. They were fed with a pinch of pulverized quaker oat as described by Ubulom et al. (2019) and Umohata et al. (2020). Pupae were transferred into adult emergence cages. Emerged adults were identified morphologically using a simple dissecting light microscope and classified to genus and species level following the taxonomic keys of Gillet and Smith (1972) and Gillies and Coetzee (1987). Emerged Culex pipiens mosquitoes which were the most predominant mosquito species from the two communities were used for the mosquito susceptibility test. Some of the distinguishing features of Culex pipiens were: the abdomen was rounded or blunt at the tip, dark above, and had creamy basal bands on each tergite, which widened toward the centre. The ventral surface was mostly covered with pale scales. They were fed and maintained in insect cages on a 10% sucrose solution as described by the World Health Organization (WHO, 2005) and Onyido et al. (2009).

2.6 	Test Mosquito Species
[bookmark: _Hlk204760281]Culex pipiens mosquitoes were used for the susceptibility test because they were the most predominant mosquito species from the two communities sampled in Essien Udim LGA. The adult Culex pipiens were sourced from larval stock obtained from Ukana Uwa West and Adiasim Ikot Essiendot communities in Essien Udim LGA and maintained in the Insectary of the Department of Animal and Environmental Biology, Faculty of Biological Sciences, University of Uyo, Nigeria. They were separately reared to adulthood following standard procedures as described by Ejeta et al. (2021). Rearing involved selecting fourth instar larvae of Culex pipiens 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 as described by Ubulom et al.  (2019) and 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 emerged adult Culex pipiens mosquitoes from each location were subsequently fed separately on a 10% sucrose solution soaked in cotton pads according to the method described by WHO, (2005) and Onyido et al. (2009).

2.7 	Preparation of Test Oil Concentrations 
The oil concentrations for this study were prepared from a stock solution (4 mL of pure oil) through a two-fold serial dilution, using 10% Tween 80 as the diluent. This process yielded essential oil concentrations of 31.25, 62.50, 125, 250, and 500 µl/mL for C. torelliana which were used in the experiments. Each control setup consisted of 1 mL of 10% Tween 80 without essential oil.



[bookmark: _Hlk204760595]2.8 	Knockdown Tests 
The knockdown potential of the oil from C. torelliana was evaluated against adult Culex pipiens mosquitoes from Ukana Uwa West and Adiasim Ikot Essiendot in the laboratory of the Department of Animal and Environmental Biology, Faculty of Biological Sciences, University of Uyo, Nigeria.
The test oil was prepared in five concentrations, with each concentration replicated four times. The control setup, consisting of 1 mL of 10% Tween 80, was also replicated four times. Two-to-five-day old adult female Cu. pipiens mosquitoes were collected from the rearing cage from each location using an aspirator and exposed to the experimental and control setups within WHO Insecticide Susceptibility Test tubes. For each replicate, 25 adult female mosquitoes were used, resulting in a total of 100 mosquitoes exposed per test concentration, as well as for the control setup. The knockdown efficacy of the 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 as described by Ubulom et al. (2024). The experiment was conducted separately with mosquitoes from each location. 

[bookmark: _Hlk204760682]2.9 	Insecticidal Tests 
To determine the insecticidal efficacy of the oil of C. torelliana, five concentrations (31.25, 62.50, 125, 250, and 500 µl/mL) were prepared, with each concentration replicated four times. The control setup, along with its replicates, consisted of 1 ml of 10% Tween 80. Two-to-five-day old adult Cu. pipiens 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, 25 adult mosquitoes were exposed, resulting in a total of 100 mosquitoes per oil concentration and control. The insecticidal efficacy of the oil concentration and the control was assessed over a 60-minute period, with observations recorded at 10-minute intervals as described by Ubulom et al. (2024). The experiment was conducted separately with mosquitoes from each site.

2.10 [bookmark: _Hlk204760774]Statistical Analysis
The data collected in this study were analyzed using the Statistical Package for Social Sciences (SPSS), version 21. Data generated from this study were analysed using one-way analysis of variance (ANOVA) to determine if the differences in the potency of the oil concentrations were significant. Probit analysis was performed to determine the 30 min KD50 and the 60 min. median lethal concentrations (LC50) of the oil along with their confidence intervals. 


3. RESULTS:
3.1 	Composition of Essential Oil
The essential oil extracted from the flowers and flower buds of Corymbia torelliana was colourless, with a hydro-distillation yield of 0.38%. The Chromatogram as shown in Figure 1 shows “18” peaks, out of which 5 compounds were found to be major constituents of volatile oil. The chemical composition of the essential oil is summarized in Table 1. A total of eighteen volatile compounds were identified, representing 100% of the total oil content. The major constituents included α-Terpineol (34.60%), α-Pinene (10.15%), p-Cymen-8-ol (8.27%), Copaene (6.53%), and Verbenol (5.47%). In terms of compound classes, monoterpenes constituted the majority (86.48%), while sesquiterpenes accounted for 13.56% (Table 2). 
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[bookmark: _Hlk204899059]Figure 1:	Gas Chromatography-Mass Spectrometry (GC-MC) Profile of the Essential Oil from the Flower and Flower Buds of Corymbia torelliana

Table 1:	Chemical Composition of the Essential oil from the flower and buds of Corymbia torelliana

	Compound
	Retention Index (RI)
	Concentration (%)
	Molecular Formula
	Molecular Weight
	Quality Index (%)

	α -Pinene
	948
	10.15
	C10H16
	136
	97

	β -Pinene
	943
	4.08
	C10H16
	136
	97

	Eucalyptol
	1059
	1.61
	C10H18O
	154
	93

	Linalol
	1082
	3.50
	C10H18O
	154
	96

	Limonene epoxide
	1031
	2.66
	C10H16O
	152
	85

	Fenchol
	1138
	2.16
	C10H18O
	154
	95

	α -Campholenal
	1155
	1.58
	C10H16O
	152
	91

	Verbenol
	1136
	5.47
	C10H16O
	152
	92

	endo- Borneol
	1138
	2.34
	C10H18O
	154
	94

	L-terpinen-4-ol
	1137
	2.89
	C10H18O
	154
	96

	p-Cymen-8-ol
	1197
	8.27
	C10H14O
	150
	92

	α -Terpineol
	1143
	34.60
	C10H18O
	154
	96

	D-Verbenone
	1119
	2.38
	C10H14O
	150
	85

	5-Isopropenyl-2-methyl-7-oxabicyclo[4.1.0]heptan-2-ol
	1169
	2.24
	C10H16O2
	168
	82

	α limonene diepoxide
	1128
	2.50
	C10H16O2
	168
	88

	(+)-Nerolidol
	1564
	4.01
	C15H26O
	222
	88

	Copaene
	1221
	6.53
	C15H24
	204
	94

	Caryophyllene
	1494
	3.02
	C15H24
	204
	90

	Total identified
	
	100
	
	
	









Table 2:	Percentage Composition of Classes of Compounds in Essential Oils from the Flower and Flower Buds of C. torelliana

	Compound Class
	Concentration (%)

	Monoterpenoid hydrocarbon
	14.23

	Oxygenated monoterpernoids
	72.2

	Sesquiterpenoid hydrocarbon
	9.55

	Oxygenated Sesquiterpenoid
	4.01

	Total monoterpernoid
	86.43

	Total sesquiterpenoid
	13.56

	Total hydrocarbon compounds
	23.78

	Total oxygenated compounds
	76.21

	Total identified
	100








3.2	Knockdown Effect of the Oil of C. torelliana on Cu. pipiens from Ukana Uwa West and Adaisim Ikot Essiendot 

[bookmark: _Hlk209178849]When Culex pipiens mosquitoes from Ukana Uwa West were exposed to the lowest concentration (31.25 µl/mL) of C. torelliana oil, 6% of the mosquitoes were knocked down within 30 minutes. The knockdown effect increased with increase in oil concentration as exposure of the insects to 250 µl/mL of the oil elicited 12% knockdown effect within 5 minutes. At an exposure period of 25 minutes, the same concentration (250 µl/mL) achieved a 100% knockdown effect. At the highest concentration (500 µl/mL), C. torelliana 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 3a and 3b. Additionally, it was observed that all mosquitoes knocked down after exposure to 500 µl/mL of C. torelliana oil were moribund. Mosquitoes that were not immediately knocked down during the initial 5 minutes of exposure to 250 µl/mL concentration of the oil exhibited reduced agility. There was no knockdown effects on mosquitoes exposed to the control set up throughout the experiment.




Table 3a:	Knockdown Effect of Different Concentrations of C. torelliana oil on Cu. pipiens from Ukana Uwa West

	Concentration (µl/mL)
	Percentage (%) Knockdown /Time of Exposure (Minutes)

	
	5 
	10 
	15 
	20 
	25 
	30 

	31.25
	0.00
	0.00
	0.00
	2.00
	4.00
	6.00

	62.5
	0.00
	0.00
	2.00
	6.00
	8.00
	10.00

	125
	0.00
	0.00
	4.00
	10.00
	18.00
	30.00

	250
	12.00
	32.00
	54.00
	76.00
	100.00
	100.00

	500
	30.00
	58.00
	100.00
	100.00
	100.00
	100.00

	Control 
(1mL of 10% Tween 80)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


No. of test mosquitoes per group (n)=100







Table 3b:	Mean Knockdown values of Cu. pipiens from Ukana Uwa West exposed to different concentrations of C. torelliana oil

	Concentration (µl/mL)
	Time (Minutes)

	
	5 
	10 
	15 
	20 
	25 
	30 

	31.25
	0.00±0.00c
	0.00±0.00c
	0.00±0.00c
	0.50±0.29de
	1.00±0.00d
	1.50±0.29d

	62.5
	0.00±0.00c
	0.00±0.00c
	0.50±0.29c
	1.50±0.29cd
	2.00±0.00c
	2.50±0.29c

	125
	0.00±0.00c
	0.00±0.00c
	1.00±0.00c
	2.50±0.29c
	4.00±0.29b
	7.50±0.29b

	250
	3.00±0.58b
	8.00±0.00b
	13.50±0.87b
	19.00±0.50b
	25.00±0.00a
	25.00±0.00a

	500
	7.50±0.29a
	14.50±0.87a
	25.00±0.00a
	25.00±0.00a
	25.00±0.00a
	25.00±0.00a

	Control (1 mL of 10% Tween 80)
	0.00±0.00c
	0.00±0.00c
	0.00±0.00c
	0.00±0.00e
	0.00±0.00e
	0.00±0.00e

	Total
	1.75±0.59
	3.75±1.18
	6.67±1.99
	8.08±2.09
	9.58±2.29
	10.25±2.23

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


No. of test mosquitoes per group (n)=100; 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, 32% of the test mosquitoes from Adiasim Ikot Essiendot exposed to 31.25 µl/ml of C. torelliana oil were knocked down after a 30-minute exposure period. At a concentration of 125 µl/mL, the oil achieved a 100% knockdown effect within the same exposure period. At 500 µl/mL, C. torelliana oil elicited a 100% knockdown of the mosquitoes within 15 minutes exposure period. Additional results detailing the knockdown effects of other concentrations of C. torelliana oil on Cu. pipiens from Adiasim Ikot Essiendot are presented in Table 4a and 4b. No knockdown effect was observed in mosquitoes exposed to the control (1 mL of 10% Tween-80) and its replicates throughout the 30-minute experiment.

Table 4a:	Knockdown effect of different concentrations of C. torelliana oil on Cu. pipiens from Adiasim Ikot Essienndot

	Concentration
(µl/mL)
	Percentage (%) Knockdown/ Time of Exposure (Minutes)

	
	5 
	10 
	15 
	20 
	25 
	30 

	31.25
	0.00
	0.00
	2.00
	8.00
	16.00
	32.00

	62.5
	0.00
	2.00
	8.00
	20.00
	30.00
	64.00

	125
	12.00
	30.00
	52.00
	74.00
	94.00
	100.00

	250
	22.00
	42.00
	68.00
	92.00
	100.00
	100.00

	500
	44.00
	68.00
	100.00
	100.00
	100.00
	100.00

	Control (1 mL of 10% Tween 80)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


 No. of test mosquitoes per group (n)=100.




[bookmark: _Hlk176253370]Table 4b:	Mean Knockdown values of Cu. pipiens from Adiasim Ikot Essienndot exposed to different concentrations of C. torelliana oil

	Concentration (µl/mL)
	Time (Minutes)

	
	5 
	10 
	15 
	20 
	25 
	30 

	31.25
	0.00±0.00d
	0.00±0.00d
	0.50±0.29e
	2.00±0.58e
	4.00±0.58c
	8.00±1.15e

	62.5
	0.00±0.00d
	0.50±0.29d
	2.00±0.00d
	5.00±0.58d
	7.50±0.29b
	16.00±0.58b

	125
	3.00±0.58c
	7.50±0.29c
	13.00±0.58c
	18.50±0.29c
	23.50±0.87a
	25.00±0.00a

	250
	5.50±0.29b
	10.50±0.29b
	17.00±0.00b
	23.00±0.58b
	25.00±0.00a
	25.00±0.00a

	500
	11.00±1.15a
	17.00±0.58a
	25.00±0.00a
	25.00±0.00a
	25.00±0.00a
	25.00±0.00a

	Control (1 mL of 10% Tween 80)
	0.00±0.00d
	0.00±0.00d
	0.00±0.00e
	0.00±0.00e
	0.00±0.00d
	0.00±0.00d

	Total
	3.25±0.86
	5.92±1.34
	9.58±1.97
	12.25±2.13
	14.17±2.21
	16.50±2.03

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


     No. of test mosquitoes per group (n)=100; 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



3.3 	Insecticidal effect of oil of C. torelliana on Cu. pipiens from Essien Udim L.G.A. 
Observations on the insecticidal effect of 31.25 µl/mL of C. torelliana oil showed no mortality of the test mosquitoes from Ukana Uwa West at the end of a 60-minute exposure period. Exposure to 250 µl/mL of the same oil resulted in 46% mortality within 60 minutes. On exposure to the highest concentration of the oil (500 µl/mL), total mortality (100%) was elicited after 60 minutes of exposure. Additional results on the insecticidal effects of other concentrations of C. torelliana oil on Cu. pipiens mosquitoes from Ukana Uwa West are presented in Tables 5a and 5b).








Table 5a:	Insecticidal effect of different concentrations of C. torelliana oil on Cu. pipiens from Ukana Uwa West

	Concentration (µl/mL)
	Percentage Mortality (%)/Time of Exposure (Minutes)

	
	10 
	20 
	30 
	40 
	50 
	60 

	31.25
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	62.5
	0.00
	0.00
	0.00
	0.00
	0.00
	2.00

	125
	0.00
	0.00
	0.00
	0.00
	2.00
	10.00

	250
	0.00
	0.00
	4.00
	14.00
	32.00
	46.00

	500
	0.00
	6.00
	30.00
	58.00
	94.00
	100.00

	Control (1mL of 10% Tween 80)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


No. of test mosquitoes per group (n)=100




Table 5b:	Mean Mortality values of Cu. pipiens from Ukana Uwa West exposed to different concentrations of C. torelliana oil

	Concentration (µl/mL)
	Time (Minutes)

	
	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±0.00c
	0.00±0.00c
	0.00±0.00d

	62.5
	0.00±0.00
	0.00±0.00b
	0.00±0.00b
	0.00±0.00c
	0.00±0.00c
	0.50±0.29d

	125
	0.00±0.00
	0.00±0.00b
	0.00±0.00b
	0.00±0.00c
	0.50±0.29c
	2.50±0.29c

	250
	0.00±0.00
	0.00±0.00b
	1.00±0.58b
	3.50±0.29b
	8.00±0.58b
	11.50±0.29b

	500
	0.00±0.00
	1.50±0.29a
	7.50±0.29a
	14.50±0.29a
	23.50±0.87a
	25.00±0.00a

	Control (1mL of 10% Tween 80)
	0.00±0.00
	0.00±0.00b
	0.00±0.00b
	0.00±0.00c
	0.00±0.00c
	0.00±0.00d

	Total
	0.00±0.00
	0.25±0.12
	1.42±0.58
	3.00±1.11
	5.33±1.80
	10.25±2.23

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


      No. of test mosquitoes per group (n)=100; 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. pipiens mosquitoes from Adiasim Ikot Essiendot were exposed to 62.5 µl/ml of essential oil from C. torelliana, 10% mortality was observed after a 60-minute exposure period.  Mortality increased to 74% when the mosquitoes were exposed to 250µl/ml of the oil after 60 minutes exposure period. Exposure to the highest concentration of the oil (500 µl/mL) however resulted in 100% mortality after 50 minutes exposure period. Additional results are detailed in Tables 6a and 6b. No mortality was recorded in the control group (10% Tween-80) or its replicates throughout the 60-minute exposure period




Table 6a:	Insecticidal effect of different concentrations of C. torelliana oil on Cu. pipiens from Adiasim Ikot Essiendot

	Concentration
(µl/mL)
	Percentage Mortality (%) / Time of Exposure (Minutes)

	
	10
	20
	30 
	40 
	50 
	60 

	31.25
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	62.5
	0.00
	0.00
	0.00
	0.00
	0.00
	10.00

	125
	0.00
	0.00
	2.00
	6.00
	14.00
	34.00

	250
	0.00
	2.00
	16.00
	34.00
	58.00
	72.00

	500
	6.00
	24.00
	50.00
	76.00
	100.00
	100.00

	Control (1mL of 10% Tween 80)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


   No. of test mosquitoes per group (n)=100


Table 6b:	Mean mortality values of Cu. pipiens from Adiasim Ikot Essiendot exposed to different concentrations of C. torelliana oil

	Concentration (µl/mL)
	Time (Minutes)

	
	10 
	20 
	30 
	40 
	50 
	60 

	31.25
	0.00±0.00b
	0.00±0.00b
	0.00±0.00c
	0.00±0.00d
	0.00±0.00d
	0.00±0.00d

	62.5
	0.00±0.00b
	0.00±0.00b
	0.00±0.00c
	0.00±0.00d
	0.00±0.00d
	1.50±0.29d

	125
	0.00±0.00b
	0.00±0.00b
	0.50±0.29c
	1.50±0.29c
	3.50±0.29c
	8.50±0.87c

	250
	0.00±0.00b
	0.50±0.29b
	4.00±0.00b
	8.50±0.29b
	14.50±0.29b
	18.00±0.58b

	500
	0.00±0.00a
	6.00±0.58a
	12.50±0.87a
	19.00±0.58a
	25.00±0.00a
	25.00±0.00a

	Control (1 mL of 10% Tween 80)
	0.00±0.00b
	0.00±0.00b
	0.00±0.00c
	0.00±0.00d
	0.00±0.00d
	0.00±0.00d

	Total
	0.25±0.12
	1.08±0.47
	2.83±0.96
	4.83±1.47
	7.17±1.98
	8.83±2.01

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


        No. of test mosquitoes per group (n)=100; 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


3.4 	Determination of KD50 and LC50 
The 30-minute KD50 and 60-minute LC50​ values, along with their confidence intervals, for the essential oils of C. torelliana tested against Cu. pipiens mosquitoes from Ukana Uwa West and Adiasim Ikot Essiendot communities are presented in Tables 7 and 8 respectively. The 30-minute KD50 values for the oil of C. torelliana tested on Cu. pipiens for Ukana Uwa West and Adiasim Ikot Essiendot were 238.083 µl/mL and 129.459 µl/mL respectively (Table 7). The 60-minutes LC50 values obtained were 517.959 µl/mL and 398.326 µl/mL for Ukana Uwa West and Adiasim Ikot Essiendot respectively (Table 8).







Table 7:	30 Minute KD50 values of C. torelliana oil tested on Cu. pipiens from Ukana Uwa West and Adiasim Ikot Essiendot Communities of Essien Udim L.G.A.

	Location
	KD50 Values (µl/mL)
	Confidence Interval (µl/mL)

	Ukana Uwa West
	238.083
	210.036 - 272.555

	Adiasim Ikot Essiendot
	129.459
	107.918 - 155.337





Table 8:	60 Minute LC50 values of C. torelliana oil tested on Cu. pipiens from Ukana Uwa West and Adiasim Ikot Essiendot Communities of Essien Udim L.G.A.

	Location
	LC50 Values (µl/mL)
	Confidence Interval (µl/mL)

	Ukana Uwa West
	517.959
	450.126 - 627.868

	Adiasim Ikot Essiendot
	398.326
	345.467- 476.138




4. DISCUSSION
Comparative studies of volatile oils from the same plant species across different regions often reveal both similarities and differences. These variations can be attributed to factors such as climate, plant maturity, variety, processing techniques, and analytical methods (Thomas et al., 2017). The major constituent identified in the essential oil from this study, α-terpineol, was notably absent in the oil extracted from the seeds of E. torelliana collected in Oyo State, Southwestern Nigeria (Ololade & Olawore, 2013). However, α-terpineol has been reported in trace amounts in the volatile oils extracted from the leaves of E. torelliana sourced from Benin, Mali, and Congo-Brazzaville (Chalchat et al., 2000; Loumouamou et al., 2009; Silou et al., 2009). This research represents the first report on the essential oil composition of C. torelliana flowers and flower buds. Other major constituents identified in this study such as α-pinene, p-cymen-8-ol, copaene, and verbenol have previously been reported as significant components in E. torelliana volatile oils extracted from the leaves of the plants from other regions (Boland et al., 1991; Sohounhoue et al., 1996; Chalchat et al., 2000).
[bookmark: _Hlk204088559]In this study, the essential oil extracted from the flowers and flower buds of Corymbia torelliana was predominantly composed of monoterpenes (86.43%) and sesquiterpenes (13.56%). Monoterpenes (C₁₀) and sesquiterpenes (C₁₅) are hydrocarbon-based terpene derivatives commonly found in plant essential oils (Yadav & Upadhyay, 2022). Terpenes are a large and structurally diverse group of aromatic compounds occurring widely in nature. They play significant ecological roles in plants, such as attracting pollinators and deterring herbivores like insects and foraging animals. Additionally, certain terpenes function in plant defense by promoting recovery from physical damage or acting as part of the plant’s immune response against microbial pathogens. Beyond their ecological importance, terpenes are known for their diverse biological and pharmacological activities. They exhibit strong antimicrobial, antifungal, antiviral, antibacterial, antioxidant, and insecticidal properties (Choudhary et al., 2017; Yadav & Upadhyay, 2022). Moreover, terpenes are generally considered less toxic than synthetic chemical compounds, making them attractive for eco-friendly applications in the managements of insect pests (Panigrahy et al., 2020). The knockdown and insecticidal effects observed in this study are likely attributable to the high concentrations of monoterpenes and sesquiterpenes present in the essential oil of C. torelliana.
Also, the essential oil of Corymbia torelliana is rich in bioactive compounds such as α-pinene, and p-cymene. These same constituents have also been identified in the essential oil of Melaleuca alternifolia Cheel (Myrtaceae), which has demonstrated fumigant activity against Sitophilus zeamais. This activity was found to increase proportionally with concentration and was associated with the significant inhibition of key enzymes of the nervous system, including acetylcholinesterase (AChE), glutathione S-transferase (GST), and carboxylesterase (CarE) (Liao et al., 2016). Given their known biological activity, compounds such as α-terpineol, α-pinene, limonene, and p-cymene are likely contributors to the insecticidal effects observed with C. torelliana essential oil. These compounds are capable of disrupting critical enzymatic systems involved in detoxification and neural function, suggesting their role as potential mortality-inducing agents in the mechanism of action of the oil tested in this study. 
In general, the insecticidal activity of essential oils is often linked to the inhibition of acetylcholinesterase (AChE), particularly by monoterpenes (Lopez & Pascual-Villalobos, 2010; Praveena and Sanyayan, 2011). A hydrocarbon monoterpene, α-pinene, is known for its structural capacity to inhibit AChE more effectively than related alcohols and ketones (Saad et al., 2018). Due to their lipophilic nature and high volatility, monoterpenes also exhibit strong contact and fumigant toxicity to insects (Rice & Coats, 1994). These properties likely contributed to the insecticidal effect of Corymbia torelliana essential oil, in which α-pinene is one of the major components, against Culex pipiens.
The sensitivity of adult Aedes aegypti to essential oils has been linked to the presence of compounds such as 1,8-cineole, α-pinene, and p-cymene, with effectiveness particularly correlated to the concentration of p-cymene (Lucia et al., 2008; Lucia et al., 2009). Additionally, p-cymene-8-ol one of the major constituents in the oil tested in this study has demonstrated contact toxicity against two stored-product pests, the cigarette beetle (Lasioderma serricorne) and Liposcelis bostrychophila, with 24-hour LD₅₀ values of 39.68 µg/adult and 35.66 µg/adult, respectively (You et al., 2015). Thus, the insecticidal activity of Corymbia torelliana essential oil observed in this study may be attributed to the presence of its key components, particularly p-cymene and α-pinene.
There was a slight variation in the KD₅₀ and LC₅₀ values of the essential oil against mosquitoes from the two study communities, indicating some degree of heterogeneity among the tested populations. The knockdown and mortality observed in adult insects can be attributed to the toxicity of the essential oil through direct contact, its abrasive effects on the insect cuticle, or interference with the insect’s respiratory system as explained in studies by Schoonhoven, 1978; Mathur et al., 1985; Anjana et al., 1988; Kim et al., 2003. In this study, mosquitoes from Adiasim Ikot Essiendot were slightly more susceptible to C. torelliana essential oil, with KD₅₀ and LC₅₀ values of 129.459 µl/mL and 398.326 µl/mL respectively, compared to mosquitoes from Ukana Uwa West, which had higher KD₅₀ and LC₅₀ values of 238.083 µl/mL and 517.959 µl/ml. This difference in the susceptibility of the mosquitoes to the oil could be attributed to variation in the origin of the insects. This corroborates the reports of Cardiet et al. (2011) and Santos et al. (2021) who reported that the contact toxicity of essential oils or their isolated compounds can vary depending on several factors, including the insect species, population origin, and resistance levels. The essential oil of C. torelliana contained five major naturally volatile compounds that can function in attracting, repelling, or deterring target organisms depending on their concentration as reported by Koschier et al. 2007. These compounds likely contributed to the observed toxicity against Cu. pipiens. It is therefore plausible that C. torelliana oil acts similarly on C. pipiens, by affecting enzymatic detoxification processes, particularly involving superoxide dismutase (SOD) and catalase (CAT) which are antioxidant enzymes.
The results of this study on the knockdown and insecticidal effects of oil extracted from Corymbia torelliana against Culex pipiens align with findings from other studies investigating oils derived from plant species belonging to the same genus, Eucalyptus. These effects are largely attributed to the chemical constituents of the essential oils (EOs), many of which have been previously documented to exhibit lethal and sublethal effects against various mosquito species. For example, in studies where adults of Aedes aegypti were exposed to Eucalyptus camaldulensis EO, which is rich in α-pinene (22.52%), p-cymene (21.69%), α-phellandrene (20.08%), 1.8-cineole (9.48%), and ɣ-terpinene (9.36%), LC₅₀ of 31 μg/mL was recorded at 24 hours (Cheng et al., 2009). Additionally, several pure compounds were tested in the same study, yielding the following LC₅₀ (μg/mL) values: α-terpinene (14.7), α-phellandrene (16.6), limonene (18.1), p-cymene (19.2), terpinolene (28.4), and ɣ-terpinene (30.7). The compounds α-pinene, 1.8-cineole, and α-terpineol showed LC₅₀ values greater than 50 μg/mL. The knockdown and insecticidal effects observed in the present study is consistent with previously reported findings (Ubulom et al., 2024; Umohata et al., 2024).

5. CONCLUSION
In recent years, efforts to control mosquito populations have shifted towards environment-friendly alternatives, including plant-derived insecticides. Test oil was obtained by hydro-distillation and composition determined by GC-MS. A total of eighteen volatile compounds were identified from the essential oil obtained from the flower and flower buds of C. torelliana representing 100% of the total oil content. The major constituents included α-Terpineol (34.60%), α-Pinene (10.15%), p-Cymen-8-ol (8.27%), Copaene (6.53%), and Verbenol (5.47%). Essential oil extracted from the flowers and flower buds of Corymbia torelliana, a plant known for its ethnomedicinal value, demonstrated knockdown and insecticidal activity against the Culex pipiens species used in this research. Mosquitoes from Adiasim Ikot Essiendot were more susceptible to the oil compared to those from Ukana Uwa West, as shown by their lower KD₅₀ and LC₅₀ values. These results suggest that the essential oil of C. torelliana could be developed into a plant-based insecticide for use in controlling Culex pipiens. There is the need to further explore its potency against other mosquito species, as well as its other biological activity. Such a strategy could offer a safer, more sustainable approach to mosquito control, reducing reliance on synthetic chemicals and minimizing environmental and health risks and hazards.
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