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1. Introduction

   Insect vectors, particularly mosquitoes (Diptera: Culicidae) 

are among the most dangerous and serious insect pests of 

medical significance. There are about 2 700 species of mosquito 

worldwide; the three more important genera are the Culex, 

Anopheles and Aedes. They are well-known vector borne illness, 

a few of which result in millions of fatal, epidemic diseases 

such as yellow fever, dengue fever, West Nile virus, Japanese 

encephalitis, Louis encephalitis, malaria, Zika virus, chikungunya 

and filariasis causing deaths in animals and humans in the world 

each year[1-4]. The species Culex pipiens L. (C. pipiens) has a 

large geographic distribution and may be found through the world 

in all urban and sub-urban tropical and temperate zones. The 

principal larval developmental or breeding sites of this mosquito 

are artificial containers, septic tanks, water irrigation channels, 

animal watering basins and temporary pools[5], where they play 

significant roles in the transmission of parasite and many illnesses 

that infect human, like the West Nile virus, Louis encephalitis 

virus, bird malaria (Plasmodium spp) and filarial worms[6,7]. We 

found many preparations and apparatuses designed to prevent or 

decrease such vectors, comprising microbial formulations and 

pesticides[8] such as, the conventional insecticides, pyrethroids 

and organophosphates. The pyrethroids are nowadays the most 

extensive insecticides for the indoor fight against mosquito adults 
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while organophosphate insecticides are commonly utilized in the 

mosquito reproduction sites as larvicides[9,10]. Nevertheless, these 

conventional insecticides have not been absolutely successful 

due to augmentation resistance developed by numerous mosquito 

species[11], and also side effects on the environment and public 

health. This represents a major obstacle encountered in effective 

control programs[12]. Therefore, in recent years, researches 

are increasingly directed their attention on the development of 

biodegradable phytopesticides of plant origin extracts, essential 

oils and plant derived bioactive compounds. The plant natural 

products are effective, environment-friendly and mitigate the long 

term environmental effects of pesticide use. In addition, pests 

rarely develop resistance against pesticide of plant origin[13-16]. 

Many species of the genus Scabiosa (Dipsacaceae) have been 

pharmacologically and chemically used for their potential new 

drugs and medicinal use[17-19]. The genus species were supposed 

to relieve itching of scabies and other skin diseases, including 

wounds caused by the bubonic plague[20]. Scabiosa succisa was 

utilized to heal bites of poisonous insects and in certain dermatoses 

like scabies, herpes, ulcer and ringworm[21]. In our previous 

works, several biological activities of Scabiosa arenaria Forssk. 

(S. arenaria) extracts were studied such as their antioxidant, 

antimicrobial, anti-glucosidase and anti-acetylcholinesterase[22-

25]. However, to the best of our knowledge, no species of the 

family Dipsacaceae has been examined as a potential source of 

mosquitocides. In this scenario, this paper sheds light on the 

larvicidal activity of stems + leaves, flowers, fruits and roots 

extracts of S. arenaria.

2. Materials and methods 

2.1. Plant collection

   The botanical identification of the plant S. arenaria of this study 

was identified by the professor Fethia Harzallah (Laboratory of 

Genetic, Biodiversity and Valorisation of Bioresources, LR11ES41, 

Higher Institute of Biotechnology of Monastir, University of 

Monastir, Tunisia). This species was collected at the flowering 

stage. The deposition of voucher species (Sa 110) was done in 

the Laboratory of Heterocyclic Chemistry, Natural Products and 

Reactivity, Team: Medicinal Chemistry and Natural Products, 

Faculty of Sciences of Monastir, University of Monastir, Monastir, 

Tunisia.

2.2. Preparation of S. arenaria extracts

   Plant samples (the flowers, the fruits, the roots and the stems 

+ leaves) were air-dried at room temperature and in darkness for 

two weeks. Then, 100 g of dried and powdered samples were 

extracted three times with methanol-water 80:20 (v/v) for three 

days at ambient temperature. After filtration, the crude extracts 

were then dried under a vacuum in a rotary evaporator. A portion 

of these extracts were dried completely for the larvicidal activity 

and the residual aqueous layer was after that exhaustively extracted 

by liquid/liquid partition with ethyl acetate (EtOAc) and butanol 

(n-BuOH) to yield dried fractions. The crude extracts and its 

fractions (sixteen samples) were maintained at 4 °C before analysis. 

2.3. Mosquito culture

   A local strain of C. pipiens larvae was collected from Oued 

Smaile (Monastir, Tunisia). The species was reared in a plastic 

tray (24 cm × 35 cm × 5 cm) at 12:12 light/dark photoperiod, 

60% ± 10% relative humidity at (26 ± 2) °C, in an insectary in 

the Laboratory of Histology Cytology and Genetics, Faculty of 

Medicine, University of Monastir, Tunisia. The third instar larvae 

were used for bioassays.

2.4. Evaluation of larvicidal activity

   The larvicidal activity test was carried out following the method 

used by the World Health Organization[26]. The stems + leaves, 

flowers, fruits and roots extracts of S. arenaria were dissolved in 

96% ethanol and afterwards diluted in distilled water to donate 

a range of concentrations that were utilized for test (60 µg/mL, 

30 µg/mL, 15 µg/mL and 7.5 µg/mL). 1 mL of every solution 

was added to 99 mL of faucet water in plastic goblet. Groups of 

20 larvae were taken on a strainer with fine mesh and transferred 

gently to the test medium by tapping.  

   The in vitro bioassays were applied three times: three replicates 

are determined for every dose as well as the witness. The latter 

represents the treatments without the samples which were 

performed in the same way. Treated and control larvae were 

held in the same conditions used for colony rearing. No food has 

been given to the larvae during the treatment. The larvae were 

considered dead if they were unable to move and to reach the 

water surface[27]. The mortality response of larvae was carried 

out for each experiment, 24 h after incubation, and the mortality 

percentage was reported from the average of three repetitions. 

2.5. Determination of lethal concentrations 

   The lethal concentrations (LC50 and LC90), are defined as 

the concentrations that cause 50% and 90% of mortality in the 

population of larvae studied, respectively, for a given time and for 

a single dose[28]. These two concentrations were calculated.

3. Results

   Results showing the effect of S. arenaria extracts on larvae of 
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the mosquito C. pipiens taken at the third larval stage (L3), showed 

a direct relation between the rate of larvae mortality and samples 

concentrations. The results are collected and presented in Figures 

1–4. Most of the extracts tested, and after 24 h of exposure, 

showed low mortality at 7.5 µg/mL, between 3.33% and 35.00%. 

The best one was recorded for the roots EtOAc fraction (35.0% ± 

0.9%). The mortality increased with concentrations. At 60 µg/mL 

concentration, the mortality of C. pipiens larvae was going from 

10% (stems + leaves crude extract, the EtOAc and water fractions 

of the flowers and the fruits) to 100.0% ± 2.2% (EtOAc fraction of 

the roots). For the second concentration (30 µg/mL), mortality was 

ranged between 5% (stems + leaves crude and water extracts and 

the fruits crude extract) to 90.0% ± 2.1% (roots EtOAc fraction). 

The four extracts of S. arenaria roots screened for larvicidal 

activity were found more effective as compared to stems + leaves, 

fruits and flowers extracts. Analyses showed that the roots EtOAc 

fraction was the most effective against C. pipiens larvae and 

exhibited the lowest LC50 and LC90 values [(15.00 ± 0.09) µg/mL 

and (30.00 ± 0.08) µg/mL], respectively. The stems + leaves EtOAc 

fraction indicated also an interesting LC50 value [(40.0 ± 0.2) µg/

mL], with mortality percentage of the order of 70.0% ± 1.5%. 

The LC50 values were considered effective (less than 100 mg/L) 

according to the classification of Thangam and Kathiresan[29]. 
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Figure 1. Evolution of C. pipiens mortality after 24 h of exposure to stems 
+ leaves extracts from Tunisian S. arenaria.
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Figure 2. Evolution of C. pipiens mortality after 24 h of exposure to 
flowers extracts from Tunisian S. arenaria.
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   Thus, these results showed that the roots and the stems + leaves 

EtOAc fractions certainly contained many active substances such 

as the secondary metabolites, which were responsible for this 

interesting activity. 

Crude extract

Fruits

n-BuOH Water fractionEtOAc fraction

Figure 3. Evolution of C. pipiens mortality after 24 h of exposure to fruits 
extracts from Tunisian S. arenaria.
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Figure 4. Evolution of C. pipiens mortality after 24 h of exposure to roots 
extracts from Tunisian S. arenaria.
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4. Discussion

   Several plants have represented a source of efficient and 

natural mosquitocidal agents[30,31]. Our paper represents the 

first work treating the larvicidal activity of species belonging 

to the Dipsacaceae family. In addition, few works touched the 

subject of sensibility of the mosquito C. pipiens by Tunisian 

plant extracts. Wafa et al.[32] have tested the larvicidal activity 

of aqueous extracts of leaves and seeds of Ricinus communis L. 

(Euphorbiaceae) against C. pipiens larvae. Toxicity showed a 

mortality of 100% after 24 h of exposure. This activity is due to 

its phenolic compounds. The same applies to Fatnassi et al.[33] 

who have worked also on a species belonging to the family 

Euphorbiaceae (Jatropha curcas L.) and found that the larval 

activity after 24 h of exposure, 100% mortality for aqueous seed 

extract. While in our work the organic extracts especially the 

EtOAc fractions exhibited the best larvicidal activity. While other 
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researchers from Tunisia, tested the toxicity of essential oils of 

plants like Salvia officinalis (Lamiaceae), Hypericum species 

(Hypericaceae) and Pituranthos tortuosus (Apiaceae) on the C. 

pipiens, such as Rouis et al.[34], Lamari et al.[35], Krifa et al.[36]. 

If we compare our results with other recent works around the 

world, several differences were found. Al-Mekhlafi et al.[37] and 

Al-Mekhlafi[38] showed that the EtOAc fractions of Xanthium 

strumarium (Asteraceae) seeds and Carum copticum (Apiaceae) 

fruits appear to have a weak larvicidal activity. On the contrary, 

the methanol extracts showed the best results (LD50 = 502.32 µg/

mL and 122.26 µg/mL, respectively). 

   The interesting larvicidal activity of roots EtOAc fraction of our 

study plant S. arenaria may be due to its compounds, thereby, the 

chemical composition of this fraction was studied in the previous 

works of our research team, thus the phytochemical screening of 

roots extracts was analyzed and indicated the presence of tannins, 

flavonoids, coumarins, steroids and saponins[23]. The same team 

has studied the chemical study of the roots EtOAc fraction and 

shown its richness in flavonoids and phenolic acid such as rutin, 

taxifolin, p-coumaric acid, catechin[39].  

   In the literature, many studies have confirmed the strong 

toxicity of saponic extracts on C. pipiens[40-42]. As well as the 

larvicidal activity of flavonoids was also proved[43,44]. Overall, 

this research demonstrated larvicidal activity of sixteen extracts 

obtained from flowers, fruits, stems + leaves and roots of S. 

arenaria against the mosquito C. pipiens. The roots EtOAc 

displayed highest larvicidal activity among the tested extracts. 

This mosquitocidal activity encouraged the use of plant extract 

as alternative mosquito control agents. The plant extracts have 

many advantages like biodegradability, low toxicity to mammals. 

In addition, they may decrease the application of conventional 

insecticides which retard the development of resistance and 

diminish environmental pollution. Even so, more researches are 

required to examine the efficacy of different phenolic compounds 

found in the active extract.
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