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Abstract

In this study, the toxic effects of the methanolic and aqueous 

extract obtained from the tree bark of Cleistopholis patens 

(Benth.) were evaluated against Anopheles gambiae Giles 

larvae and adult. Five treatment concentrations of C. patens 

extracts (0.1 ml, 0.2 ml, 0.3 ml, 0.4 ml, and 0.5 ml) were 

evaluated against A. gambiae’s larvae for contact effect and 

for the fumigant effect on adults. Knockdown and mortality 

data were obtained at intervals of 15, 30, 45, 60, 75, and 90 

minutes. The result showed that 0.4 ml and 0.5 ml 

concentrations of the methanolic extract achieved absolute 

(100 %) larvae mortality at 60- and 75-minutes post-

exposure. Likewise, after 90 minutes, 100% mortality was 

observed at 0.3 ml – 0.5 ml concentration. For aqueous 

extract treatments, larvae mortality recorded at 90 minutes 

ranged from 10 – 16.67% without significant difference 

(p>0.05). The high mortality of An. gambiae’s adult at 90 

minutes using methanol extract was 36.67 %, while aqueous 

extract was 30.00 %. LC50 and LC90 recorded for methanol 

extract on larvae were 0.10 ml and 0.31 ml, respectively, 

while aqueous extract was 0.817 ml and 1.186 ml 

respectively. For An. gambiae’s adult, LC50 and LC90 

recorded for methanol extract were 0.689 ml and 1.251 ml, 

respectively while aqueous extract was 1.428 ml and 2.575 

ml respectively. This study suggests that aqueous and 

methanolic extracts of C. patens possess insecticidal activity 

against An. gambiae. Thus, we recommend further 

investigation of its component to correlate insecticidal 

activity with the chemical constituent. 
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Introduction 

The principal vector of malaria is the mosquito, and it is transmitted to humans by the female of the genus Anopheles [1], 

especially Anopheles gambiae [2]. Together with AIDS, malaria is one of the causes of mortality in the population of Africa, 

South Asia, and Latin America [3]. It contributes a large part of the continued impoverishment of the population in Africa. With 

more infection burden on under 5 years old children and pregnant women [4]. The World Health Organisation (WHO) has 

stated malaria to be a life-threatening disease, accounting for 409 000 deaths among 229 million malaria cases reported for 

2019. Statistically, 67% (274 000) of the deaths were children that are under 5 years of age, 94% of the malaria and death cases 

were from African regions, and Nigeria happens to share the highest malaria global death (23%) from Africa  [5]. 

While the research on effective vaccines against malaria is still ongoing, conventional insecticides and repellents are seem 

effective and widely used to prevent the transmission of this arthropod – borne diseases by preventing the vector from having 

contact with humans. Repellents like IR3535, picaridin and DEET (N, N-diethyl-3-methylbenzamide), and insecticides; 

diazon, permetrin and Dichlorodiphenyltrichloroethane – DDT (banned) are the most common mosquito repellent/insecticide 

formulations available on the market, which has been the gold standard in repelling/eliminating mosquitoes and other biting 

insects [6-8]. Unfortunately, these synthetic chemicals have some shortcomings. Afify and Potter  [8] stated that DEET and other 

mosquito synthetic repellents mode of action is unclear yet, and human toxicity reactions of DEET after it applications vary 

from mild to severe [9], such as skin irritation (erythema and pruritis), disturb sensory, motor, memory and learning abilities  [10, 

11]. Others have resulted in the development of genetic resistant strains, poisoned the environment and non- target organisms 

[12]. To avoid these adverse effects, research on plant extract that can replace synthetic chemicals is very much crucial. 

Plant extracts have been proved to have antibacterial, antifungal and insecticidal properties, as well as being effective, safe to 

users, and also inexpensive to use [13-15]. Recently, extracts of several plants including neem (Azadirachta indica), croton 

(Codiaeum variegatum), citronella grass (Cymbopog annardus), basil (Ocimum sp), Clerodendrum capitatum, Bridelia 
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machrantha, clove (Syzygium aromaticum), prickly straggler 

(Solanum trilobatum), musk basil (Moschosma 

polystachyum) and thyme (Thymus vulgaris) have been 

studied as possible mosquito insecticides and repellents [16-

19]. 

Genus Cleistopholis comprises of three species: C. staudii, 

C. glauca and C. patens, and it belongs to Annonaceae 

family. They can be found in the tropical forest of Western 

and Central Africa. For instance, C. patens is widely present 

in Angola, Burkina Faso, Cameroon, Cote d’lvoire, 

Democratic Republic of Congo, Ghana, Liberia, Senegal, 

Uganda, Togo and Nigeria. Traditionally, the plant is used 

as medicine to treat tuberculosis, headaches, stomach aches, 

diarrhea, swellings, edemas, panaris bronchitis, hepatitis, 

menstrual irregularities and in friction against rickets in 

children [15, 20]. The result of the Udem et al. [21] study, 

validated the use of C. patens aqueous leaf extract as a 

hypolipidemic and hypocholesterolemic agents in native 

medicine. Furthermore, studies carried out on solvent 

extracts of C. patens led to isolation and structure 

elucidation of several secondary metabolites: Terpenes, 

alkaloids and oligorhamnosides [22]. The chemical 

compositions of C. patens essential oils isolated by other 

studies from various parts of the plant in Nigerian, Cote 

d’lvoire and Cameroon are presented in Table 1 [23-25]. Thus, 

this study aimed to investigate the potential of Cleistopholis 

patens on the control of Anopheles gambia; a malaria 

vector. 

 
Table 1: Chemical compositions of essential oils extracted from C. 

patens parts 
 

Parts Chemical components Composition (%) 

Trunk bark oil p-cymene 13.4% 

 Myrcene 12.0% 

 δ-cadinene (Cameroon) 28.7 

 α-copaene (Cameroon) 16.9 

 Germacrene B 7.4 – 20.6 

 Germacrene D 0 – 25.4 

 (E)-β-caryophyllene 0.4 – 69.1 

 β-pinene 0 – 57 

 β-elemol 0.1 – 29.9 

 α-pinene 0.1 – 30.6 

 α-phellandrene 0 – 33.2 

 Juvenile hormone III 0 – 22.9 

 Sabinene 0 – 20.3 

Fruit oil Linalool 23.1% 

 
Trans- linalool oxides 

(tetrahydrofuran) 
17.7 

 
Cis-- linalool oxides 

(tetrahydrofuran) 
17.0 

Leaf oil (E)-β-ocimene 0.1 – 33.2 

 Linalool 0.1 – 38.5 

 (E)-β-caryophyllene 0.3 – 39.3 

 β-pinene Traces – 59.1 

 Germacrene B 0 – 21.2 

 Germacrene D 0.0 – 33.1 

 Sabinene Traces – 54.2 

Root oil Patchoulenone 0 – 70.5 

 β-pinene 0 – 51.9 

 α-pinene 0.2 – 25.7 

 Bornyl acetate 0.5 – 31.2 

 Juvenile hormone III 0.3 – 22.2 

 β-elemol 0 – 18.8 

 

Materials and methods 

Collection of plant materials 

The tree bark of Cleistopholis patens was obtained from a 

farm at Modebiayo camp, Ondo East Local Government 

Area, Ondo, Ondo State. 

 

Preparation of plant powder 

The tree bark was cut into smaller sizes and was air dried for 

a week before it was pounded using pestle and mortar into a 

form that can be milled using the milling machine. After 

being milled thoroughly, it was sieved in 600 nm laboratory 

sieve to remove any form of particles that might be present. 

It was kept in an airtight plastic container and stored at an 

ambient temperature of 28 ±2°C and 75 ±5% relative 

humidity. 

 

Extraction of plant oil 

The methanolic extract of the powder of Cleistopholis 

patens of the tree bark was done using a Soxhlet apparatus 

in which the active ingredients in the plant bark were 

removed and the filtrate was concentrated using Rotary 

evaporator. Thereafter, it was air dried to remove the trace 

of the organic solvent used. 

The aqueous extract was obtained by dissolving 500 g of C. 

patens bark powder in 250 ml of dechlorinated water. After 

several hours of thorough mixing, this concoction was then 

filtered using a muslin cloth to separate the fibrous material 

and other large particles. 

 

Collection and breeding of mosquito 

A shallow container with a larger surface area was 

established outside, under a partial shade. The container was 

filled with rain water and water from the Fisheries and 

Wildlife's aquarium FUTA. Small quantity of industrial 

yeast was sprinkled on the surface and allowed to 

decompose slowly; this was added to nourish the developing 

larvae. They were transferred to a screened cage of 20 x 20 

x 20 cm, where the adults emerged. At emergence, A. 

gambiae was identified using Gilles and De-Mellon’s (26) 

key. 

After emergence, female mosquitoes obtained blood meal 

from caged immobilized Albino rats. This is to make their 

egg fertile while male mosquitoes were fed on a 10% 

sucrose solution. The egg or mass were kept to continue to 

the next generation. 

 

Test of essential oil on Anopheles gambiae adults 

Mosquitoes used in this study were laboratory-raised female 

Anopheles gambiae. The insects were reared as described 

above. The larvae were reared at 26–28 °C and fed on yeast. 

The adults were maintained in 10% glucose solution and the 

females fed on rat blood thrice a week. Rearing 

temperatures and relative humidity in the adult insect were 

26–28 °C and 70–80% respectively.  

 

Bioassay for the larvicidal activity 

Bioassay for the larvicidal activity was carried out using 

Alouni et al. [27] procedures with slight modifications. Ten 

(10) larvae each, were introduced into small plastic dishes 

containing 50 ml of dechlorinated water. The treatment set 

was respective concentrations of the plant extracts (0.1 ml, 
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0.2 ml, 0.3 ml, 0.4 ml, and 0.5 ml). A control was used for 

each solvent extract, containing only larvae. Mortality 

counts of larvae were monitored at regular intervals i.e. 15, 

30, 45, 60, 75 and 90 minutes after treatment. The 

treatments were replicated three times. The percentage 

mortality was calculated and corrections for mortality were 

done when necessary, using Abbot's (28) formula. Larvae 

are considered dead if they settle and remain motionless in 

the bottom of the plastic dishes after being probed with a 

needle. 

 

Adulticidal bioassay 

Adulticidal bioassay was performed by using a clean glass 

beaker. Different concentrations (0.1 ml, 0.2 ml, 0.3 ml, 0.4 

ml, and 0.5 ml) of the extract were impregnated on separate 

filter papers (diameter 6.5 cm), allowed to dry and then 

placed in a beaker. Twenty female mosquitoes were released 

into the beaker, and there were three replicates per 

concentration. Beakers were tightly covered with netting 

materials and filter paper without treatment served as 

control. Mosquito mortality was determined at 15, 30, 45-, 

60-, 75- and 90-minute exposure. Mosquito mortality was 

recorded as dead if it was lying on its back or side and was 

unable to maintain flight after a gentle tap on the bottom. 

 

Statistical Analysis of Data 

The data were analyzed using one way Analysis of Variance 

(ANOVA) for determination of larvae and adult mortality. 

The differences between the treatments were determined by 

Tukey’s HSD (Honestly Significant Difference) at p > 0.05. 

LC50 and LC90 were determined using the Log Probit 

analysis test. 

 

Result 

The larvicidal effect of Cleistopholis patens on Anopheles 

gambiae 

The larvicidal effect of Cleistopholis patens on Anopheles 

gambiae with methanol and aqueous solvent extraction was 

shown in Table 2 and 3 respectively. In Table 2, 0.5 ml 

concentration was significantly different (p < 0.05) from 

control (0.00 %), 0.1 ml (10.00 %) and 0.2 ml (10.00 %) but 

not from others at 15 minutes of exposure. At 30 minutes, 

mortality ranged from 26.67 % to 53.33 % and control (0.00 

%) was significantly different (p <0.05) from other 

treatments, except 0.1 ml concentration (26.67 %). There 

was no significant difference between 0.1 ml (40.00 %) and 

0.2 ml (43.33 %), likewise among 0.3 ml (70.00 %), 0.4 ml 

(80.00 %) and 0.5 ml (83.33 %) at 45-minute exposure. At 

0.4 ml and 0.5 ml concentration, there was absolute 

mortality (100 %) by 60- and 75-minutes exposure. 

Likewise, in 90 minutes, 100 % mortality was observed 

from 0.3 ml to 0.5 ml concentration. 

In Table 3 (aqueous extract), there was no mortality in A. 

gambiae recorded on the larvicidal effect of Cleistopholis 

patens in the first 15 minutes of the observation. It was in 

0.4 ml (3.33%) and 0.5 ml (3.33%) concentration that 

mortality was recorded in 30 minutes. A mortality of 6.67 % 

was recorded for 0.3 ml, 0.4 ml and 0.5 ml concentration at 

45 minutes exposure. At 60 minutes, there was no 

significant difference (p > 0.05) among 0.3 ml (6.67 %), 0.4 

ml (10.00 %) and 0.5 ml (10.00 %). Concentration 0.5 ml 

(13.33 %) was not significantly different from 0.3 ml (10.00 

%) and 0.4 ml (10.00 %). At 90 minutes, mortality recorded 

in the treatments ranged from 10.00 % to 16.67 % without 

significant difference (p > 0.05). 

 

Adulticidal effect of Cleistopholis patens on Anopheles 

gambiae 

Mortality effect of methanol and aqueous extract of C. 

patens on A. gambiae was recorded in Table 4 and 5 

respectively. In Table 3, there was no significant difference 

(p > 0.05) among 0.2 ml (10.00 %), 0.3 ml (10.00 %), 0.4 ml 

(20.00 %) and 0.5 ml (20.00 %) in the first 15 minutes. 

Concentration 0.5 ml (26.67 %) was significantly different 

(p < 0.05) from other treatments at 30 minutes. There was 

no significant difference (p > 0.05) between 0.4 ml (26.67 

%) and 0.5 ml (30.00 %) at 45 minutes. At 60 minutes, the 

mortality recorded range from 6.67 % to 30.00 % and there 

was no significant difference (p > 0.05) among 0.3 ml 

(23.33 %), 0.4 ml (26.67 %) and 0.5 ml (30.00 %). Likewise 

in 75 minutes, there was no significant difference (p > 0.05) 

among 0.3 ml (30.00 %), 0.4 ml (30.00 %) and 0.5 ml 

(33.33 %). There was no significant difference (p > 0.05) in 

A. gambiae mortality recorded among 0.2 ml (26.67 %), 0.3 

ml (33.33 %), 0.4 ml (33.33 %) and 0.5 ml (36.67 %) at 90 

minutes of exposure to methanol extract of C. patens. 

Mortality of A. gambiae due to aqueous extract of C. patens, 

was 0.00 % for all the concentrations at first 15 minutes 

(Table 5). Mortality of 3.33 % was only recorded at 0.5 ml 

concentration at 30 minutes, and at 45 minutes for 0.4 ml 

and 0.5 ml concentration. There was no significant 

difference (p > 0.05) among the treatments at 60- and 75-

minutes exposure but the highest mortality recorded was in 

0.5 ml (13.33 % and 20.00 % respectively). At 90 minutes, 

the mortality of A. gambiae range was 13.33 % - 30.00 % 

and there was no significant difference among 0.2 ml (23.33 

%), 0.3 ml (23.33 %), 0.4 ml (26.67 %) and 0.5 ml (30.00 

%). 

 

LC50 and LC90 of Cleistopholis patens on Anopheles 

gambiae 

LC50 and LC90 of C. patens on A. gambiae’s larvae at 90 

minutes exposure were shown on Fig 1. C. patens with 

water extraction have the highest lethal concentration while 

methanol extract has the lowest. LC50 and LC90 recorded for 

methanol extract were 0.101 ml and 0.310 ml respectively 

while water extract were 0.817 ml and 1.186 ml 

respectively. 

For A. gambiae’s adult (Fig 2), LC50 and LC90 recorded for 

methanol extract were 0.689 ml and 1.251 ml respectively 

while aqueous extract were 1.428 ml and 2.575 ml 

respectively. 
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Table 2: Larvicidal effect of methanol extract of Cleistopholis patens on Anopheles gambiae 
 

Concentration (ml) 
Exposure Time (Mins) 

15 30 45 60 75 90 

0.0 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 

0.1 10.00 ±0.00ab 26.67 ±3.33ab 40.00 ±5.77b 56.67 ±3.33b 80.00 ±5.77b 86.67 ±3.33b 

0.2 10.00 ±5.77ab 36.67 ±3.33b 43.33 ±3.33b 66.67 ±6.67bc 83.33 ±3.33bc 96.67 ±3.33c 

0.3 23.33 ±3.33abc 43.33 ±3.33b 70.00 ±5.77c 83.33 ±6.67cd 96.67 ±3.33cd 100.00 ±0.00c 

0.4 33.33 ±3.33bc 50.00 ±5.77b 80.00 ±5.77c 100.00 ±0.00d 100.00 ±0.00d 100.00 ±0.00c 

0.5 40.00 ±10.00c 53.33 ±12.02b 83.33 ±3.33c 100.00 ±0.00d 100.00 ±0.00d 100.00 ±0.00c 

Mean ± Standard error represents three (3) replicates. Means with the same letter down the column are not significantly different at P > 0.05 

using Tukey’s HSD (Honest Significant Difference). 

 
Table 3: Larvicidal effect of aqueous extract of Cleistopholis patens on Anopheles gambiae 

 

Concentration (ml) 
Exposure Time (Mins) 

15 30 45 60 75 90 

0.0 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 

0.1 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 10.00 ±0.00ab 

0.2 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 3.33 ±3.33ab 10.00 ±0.00ab 

0.3 0.00 ±0.00a 0.00 ±0.00a 6.67 ±3.33b 6.67 ±3.33b 10.00 ±0.00bc 13.33 ±3.33b 

0.4 0.00 ±0.00a 3.33 ±3.33a 6.67 ±3.33b 10.00 ±0.00b 10.00 ±0.00bc 13.33 ±3.33b 

0.5 0.00 ±0.00a 3.33 ±3.33a 6.67 ±3.33b 10.00 ±0.00b 13.33 ±3.33c 16.67 ±3.33b 

Mean ± Standard error represents three (3) replicates. Means with the same letter down the column are not significantly different at P > 0.05 

using Tukey’s HSD (Honest Significant Difference). 
 

Table 4: Adulticidal effect of methanol extract of Cleistopholis patens on Anopheles gambiae 
 

Concentration (ml) 
Exposure Time (Mins) 

15 30 45 60 75 90 

0.0 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 

0.1 0.00 ±0.00a 0.00 ±0.00a 3.33 ±3.33ab 6.67 ±3.33ab 10.00 ±0.00b 20.00 ±0.00b 

0.2 10.00 ±0.00ab 10.00 ±0.00ab 10.00 ±0.00b 13.33 ±3.33bc 20.00 ±0.00c 26.67 ±3.33bc 

0.3 10.00 ±0.00ab 13.33 ±3.33abc 20.00 ±0.00c 23.33 ±3.33cd 30.00 ±0.00d 33.33 ±3.33c 

0.4 20.00 ±0.00b 23.33 ±6.67bc 26.67 ±3.33cd 26.67 ±3.33d 30.00 ±0.00d 33.33 ±3.33c 

0.5 20.00 ±0.00b 26.67 ±3.33d 30.00 ±0.00d 30.00 ±0.00d 33.33 ±3.33d 36.67 ±3.33c 

Mean ± Standard error represents three (3) replicates. Means with the same letter down the column are not significantly different at P > 0.05 

using Tukey’s HSD (Honest Significant Difference). 

 
Table 5: Adulticidal effect of aqueous extract of Cleistopholis patens on Anopheles gambiae 

 

Concentration 

(ml) 

Exposure Time (Mins) 

15 30 45 60 75 90 

0.0 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 

0.1 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 6.67 ±3.33a 10.00 ±5.77a 13.33 ±3.33b 

0.2 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 6.67 ±3.33a 13.33 ±3.33a 23.33 ±3.33bc 

0.3 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 13.33 ±3.33a 16.67 ±3.33a 23.33 ±3.33bc 

0.4 0.00 ±0.00a 0.00 ±0.00a 3.33 ±3.33a 13.33 ±3.33a 20.00 ±5.77a 26.67 ±3.33c 

0.5 0.00 ±0.00a 3.33 ±3.33a 3.33 ±3.33a 13.33 ±3.33a 20.00 ±5.77a 30.00 ±0.00c 

Mean ± Standard error represents three (3) replicates. Means with the same letter down the column are not significantly different at P > 0.05 

using Tukey’s HSD (Honest Significant Difference). 
 

 
 

Fig 1: LC50 and LC90 of Cleistopholis patens on Anopheles gambiae’s larvae 
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Fig 2: LC50 and LC90 of Cleistopholis patens on Anopheles gambiae’s adult 
 

Discussion 

In this study, Cleistopholis patens has also shown potential 

to serve as botanicidal in controlling Anopheles gambiae. 

This concise with other researches that suggest 

phytochemicals as an alternative to conventional 

insecticides in mosquito control. In 2018, Ileke and Adesina 

[18] reported the bioefficacy of Clerodendrum capitatum and 

Bridelia machrantha leaves extracts against Anopheles 

gambiae giles, recording high mortality rate with C. 

capitatum. Also, Afolabi et al. [29] succeeded in examine 

Ocimum caninum, Ocimum gratissimum, Chromolaena 

odorata and Datura stramonium against adult Anopheles 

gambiae and reported that essential oils from the plant 

extracts have adulticidal and repellent effects on the An. 

gambiae mosquitoes. Furthermore, C. patens is available 

locally, not expensive to get, easy to cultivate and relatively 

safe. C. patens was reported by Ojo et al. [30] to be safe for 

humans, as its toxicological and histopathological effects 

were considered, and it proved not to be toxic to the liver 

and kidney of albino rats at the highest dose of 10%. 

It was observed in the result that mortality increases as the 

concentration increases and as well as exposure time 

increases. This is a positive indicator that C. patens can 

remain effective for more than one and half hours in 

eliminating mosquitoes. This observation was similar with 

the report of Akinneye and Afolabi [12] as ethanolic extract 

of C. patens’s stem-bark (Benth) were tested against the 

larvae and adults of Anopheles gambiae. Likewise, on 

Sitotroga cerealella infesting rice grains, Akinneye and 

Oyeniyi [31] reported insecticidal efficacy of C. patens 

powder to be even effective at 96 hours, achieving 78 – 

100% mortality with the highest concentration used. 

Absolute (100%) mortality was also recorded with C. patens 

stem bark powder against both larvae and adults of P. 

interpunctella at 96 hours by Adeyera et al. [32]. The ability 

of C. patens to persist for a longer period may be due to the 

presence of some phytochemicals that have high insecticidal 

effects, parts of the plant used and solvents used to extract 

the active ingredients. Plant extracts usually contain 

alkaloids, saponins, terpenoids and tanins which have 

insecticidal properties on insect vectors. In relation to Table 

1, the availability of Juvenile hormone III through the 

application of C. patens extract, might have inhibited A. 

gambiae metamorphosis and then terminated their 

development to pupal or adult. Juvenile hormone (JH) 

regulates post-embryonic development of an insect. At the 

end of larva stage, the level of JH needs to be lowered to 

permit ecdysteroid to process for pupal and adult 

characteristics. Research has also indicated that both α and 

β-pinene have numerous insecticide effects [33, 34]. It has also 

been demonstrated that phellandrene has insecticide ability 

to inhibit AChE [35]. Germacrene D is also a volatile terpene 

that can repel insects. 

Using methanol extract on the larvae stage, absolute 

mortality (100 %) was started with 0.4 ml concentration at 

one hour exposure and the least concentration to this, was 

0.3 ml concentration at 90 minutes of exposure. It took more 

exposure time for the least concentration to achieve the 

highest mortality. The increase in the mortality of the plant 

extract at higher concentrations may be due to the increase 

in the concentration of the active ingredient present in the 

extracts. Also, the lower concentrations may later attain 100 

% mortality, as it has been predicted by Kasim et al. [36] that 

most plants induced 50% larval mortality after some hours 

of exposure to the extract. Meanwhile, absolute mortality 

was not achieved on the adult mosquito, the highest 

mortality recorded was 36.67 % at 0.5 ml concentration for 

90 minutes exposure. This means that larvae are more 

susceptible to this plant than adults and this could be 

attributed to the active feeding stage of the larvae [37]. 

This study has also revealed the efficiency of organic based 

solvent in extracting the active ingredients from the plants. 

The concentration requires to achieve LC50 and LC90 (0.101 

ml and 0.31 ml respectively) of A. gambiae’s larvae by 

methanol extract of C. patens was far lesser to that of the 

aqueous extract (0.817 ml and 1.186 ml respectively). This 

was also observed with the adult and this may be due to the 

fact that the active ingredients in the plant are more polar in 

organic solvent than aqueous solvent. There is a fact that the 

extraction yield and biological activity of the resulting 

extract is not only affected by the extraction technique but 

also by the extraction solvent [38, 39]. Many solvents, 

including methanol, ethanol, acetone, and water, have been 

used for extracting bioactive compounds from the plant 

material. Due to the variety of bioactive compounds 

contained in plant materials and their differing solubility 

properties in different solvents, the optimal solvent for 

extraction depends on the particular plant materials, and the 

compounds that are to be isolated. In 2019, Dieu-Hien et al. 

[40] reported significant difference in the extraction yield of 
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S. buxifolia using different solvents, where methanol 

resulted in the highest extraction yield, followed by distilled 

water, ethanol, acetone, chloroform, and dichloromethane, 

indicating that the extraction efficiency favors the highly 

polar solvents. According to Harborne [41], a good solvent is 

characterized by its optimal extraction and its capacity in 

conserving the stability of the chemical structure of desired 

compounds. 

 

Conclusion 

This study has shown that the plant extracts of C. patens 

used for this research have good larvicidal properties and 

also adulticidal properties at higher concentration against 

malaria mosquitoes. The result also suggest that methanol is 

a good solvent for bio-active compounds extraction for this 

plant. The use of this potential plant is ecofriendly with no 

mammalian toxicity and as such can be included in vector 

management to reduce the morbidity and mortality caused 

by mosquito-borne diseases in tropical countries where 

mosquito-borne diseases are endemic. 
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