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              The use of plant-based insecticides is safer for both humans and 

the environment. Any insecticide has a negative impact on the growth and 

metabolic rate of the insect. The toxicity of two bee products (bee venom 

and propolis) and the commercial oils of garlic, marjoram and anise were 

tested against the late 3rd larval instar of Culex pipiens. After 24 h of 

treatment, the three oils showed larvicidal activity with LC50 of 1323.81, 

840.71 and 577.53 ppm for garlic, marjoram and anise, respectively. The 

metabolic rate change within the treated larvae was estimated through the 

determination of total proteins, carbohydrates and lipids. Garlic oil 

significantly reduced protein content from 33.8± 0.98 to 30.4 ± 0.4 mg/g. 

Marjoram and garlic oils significantly reduced carbohydrate content from 

15.76 ± 0.7 to 11.43 ± 0.66 and 11.2 ± 0.7 mg/g, respectively. Anise oil 

significantly increased lipid content from 3.11 ± 0.21 to 3.57 ± 0.14 mg/g. 

 
 

     INTRODUCTION 

 

              Mosquitoes are annoying insects that cause serious problems for humans. they are 

carriers of many diseases like lymphatic filariasis, chikungunya, dengue, malaria, Japanese 

encephalitis and dirofilariasis, (Hubálek, 2008; Lebl et al., 2015; Govindarajan et al., 

2016). Culex spp. spread widely in Egypt and they are vectors of many pathogens such as 

Wuchereria bancrofti and West Nile and Rift Valley fever viruses (Hanafi et al., 2011; 

Abdel-Hamid et al., 2011; Fortified et al., 2019).  Cx. pipiens strains pose a threat to 

human life as it is a vector for many arboviruses like; West Nile Virus, St. Louis 

encephalitis, rift valley fever and sindbis viruses (Turell, 2012). Female Culex pipiens is 

the main vector of lymphatic filariasis in Egypt (Salamah et al., 2016). 

               Chemical insecticides are the main method for controlling mosquitoes for 

centuries (Hemingway et al., 2006), but such chemicals adversely affected the environment 

and non-target organisms including humans (Aktar et al., 2009). Moreover, the prolonged 

use of a group of insecticides has led to the development of resistance in insect species 

(Ghorbani et al., 2018; Sh et al., 2020). In Egypt, mosquito species showed different levels 
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of resistance against chemical insecticides (Tageldin, R.A. et al, 2018; El-Hosainy et al., 

2018;  Abdelbaset B. Zayed et al, 2019;  Meshrif et al., 2021). There are several 

alternatives to chemicals including botanicals and plant-based insecticides which are eco-

friendly and have toxic, growth-reducing and repellent effects against insects (Regnault-

roger et al., 2012; Zahran et al., 2017; Baz et al., 2021; Baz et al., 2022a, b; Radwan et al., 

2022). 

               Several studies illustrated the toxicity levels of different commercial plant oils 

against Cx. pipiens larvae (Khater & Shalaby, 2008; Desouky et al., 2019;  Nagwa M. 

Elhawary et al., 2020; Baz et al., 2022 a, b). 

              Bee products including bee venom; which is composed of active molecules and 

propolis; which is a resin composed of more than 300 components have shown a wide 

range of biological activities (Robertson, 1990; Wehbe et al., 2019; Przybyłek & 

Karpiński, 2019; Anjum et al., 2019). For insecticidal activities; Propolis showed toxicity 

against larval stages of the lesser wax moth (Achroia grisella) (Ararso & Legesse, 2016) 

and the Greater Wax Moth (Galleria mellonella) (Fawzy et al., 2017). Bee venom showed 

toxicity against eggs and larvae of Achroia grisella (Mahgoub et al., 2018) and larvae of 

the black soldier fly (Hermetia illucens) (Nassar et al., 2020). 

              The aim of the present work included studying the efficacy of three essential oils; 

anise, garlic and marjoram, as well as bee venom and propolis against late 3rd larval instars 

of Culex pipiens field strain. The effect of the applied materials on the metabolic rate of the 

larvae also has been studied through the estimation of total protein, carbohydrate and lipid 

profiles within the larval body. 

 

              MATERIALS AND METHODS 

 

Mosquito Larvae: 

            Cx. pipiens larvae were collected from Sinnuris district, Fayoum governorate, 

Egypt (at latitude 29˚ 24ʹ 32ʺ N and longitude 30˚ 51ʹ 45.5ʺ E). The larvae were collected 

from a highly infested long canal located next to houses and farmland and contained 

shallow polluted water with grasses grown on its margins (Fig. 1). Larvae were collected 

by dipping method (World Health Organization, 1975) and transported to the laboratory in 

buckets. At the laboratory, late third larval instars were identified under a microscope 

according to Harbach (1985) and counted in groups; each group contained 25 larvae. 

 

 
Fig. 1: Breeding site of the collected larvae. 

 

Tested Materials: 

A) Essential Oils: 

             Three essential oils were licensed for human uses by the Egyptian Ministry of 
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Health, including; anise (Pimpinella anisum, Apiales: Apiaceae), garlic (Allium sativum, 

Asparagales: Amaryllidaceae) and marjoram (Origanum majorana, Lamiales: Lamiaceae) 

were purchased from EL-CAPTAIN Company for cosmetics, extracting natural oils and 

plants (El-Obor city, Cairo, Egypt). 

B- Bee Products (bee venom and propolis): 

             Both (bee venom and propolise) were purchased from Imtenan Company (El-

Nozha, Cairo, Egypt) as powder.  

Bioassay Experiments: 

            A series of concentrations (200, 400, 600, 1500, and 2000 ppm) were prepared by 

using water with bee venom and ethanol 95% with essential oils and propolis.  

Test procedures were carried out according to the world health organization  (WHO, 

1981). Twenty-five mosquito larvae were put in a cup containing 24 ml of water and left 

for 10 minutes before adding to a glass beaker containing 225 ml of water and 1 ml of the 

tested concentration. In the control group, 1 ml of the appropriate solvent (ethanol or 

water) was added. For each concentration and also the control group, 100 larvae were used 

as the experiments were replicated four times. After 24 h of post-treatment, mortalities 

were recorded. The experiment was conducted at room temperature (25 ˚C ± 2), normal 

relative humidity (62% ± 2) and natural photoperiod. 

Biochemical Studies: 

               Larvae were treated with the LC50 of the toxic materials while control group was 

treated with the solvent. After 24 h, life larvae were filtered (Fig. 2), and frozen at -20 ˚C 

for further analysis. 

              Larvae were homogenized in distilled water (50 mg/ml) by using a chilled glass 

Teflon tissue homogenizer (ST – 2 Mechanic-Preczyina, Poland). The homogenate was 

centrifuged at 8000 r.p.m. for 15 minutes at 2 ºC in a refrigerated centrifuge. The deposit 

was discarded and the supernatant was used to determine the total proteins, carbohydrates 

and lipids. All experiments were conducted in triplicate (Amin, 1998). 

 

 
Fig. 2: A) larvae during filteration,  B) after complete filteration. 

 

1. Determination of the Total Proteins: 

              The total Proteins were determined as follows; Protein reagent was prepared from 

Coomassie Brilliant blue G-250, ethanol (95%) and phosphoric acid (85%). After that, 50 

µl containing 10 to 100 µg of bovine serum albumin (serial concentrations) were treated 

with phosphate buffer solution and protein reagent. The absorbance rate was measured at 

595 nm and the standard curve was plotted between protein weight (bovin serum albumin) 

and its corresponding absorbance. This curve was used in the determination of protein in 

the unknown sample by the same method of the standard determination, (Bradford, 1976). 
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2. Determination of the Total Carbohydrates: 

              Carbohydrates were extracted and prepared for assay (Crompton & Birt, 1967) 

and estimated in the acid extract by the reaction of the phenol-sulphuric acid (Dubois et al., 

1956). The absorbance of the characteristic yellow-orange color was measured at 490 nm 

against blank. The total carbohydrates were expressed as µg glucose ̸ gm fresh weight. 

3. Determination of the Total Lipids: 

              Lipids were estimated as follows; 250 ul of the sample were added to 5 ml of 

concentrated sulphuric acid in a test tube and heated in a boiling water bath for 10 minutes. 

After cooling to room temperature, the digest was added to phospho-vanillin reagent. After 

45 minutes, the developed color was measured at 525 nm. The optical density was 

compared to that of a reference standard and results were expressed as mg lipids/ml 

haemolymph, (Knight et al., 1972). 

Data Analysis: 

              Data were analyzed by using IBM SPSS statistics program version 26 for 

Windows. The total mortalities were subjected to Probit analysis for determining the lethal 

concentrations. The mortality of each group and also the biochemical results were analyzed 

by using one-way analysis of variance (ANOVA) followed by Tukey’s test (Post-Hoc 

multiple comparisons). Data were significant if P < 0.05. 

 

              RESULTS AND DISCUSSION 

 

1. The Two Bee Products:  

             Bee venom and propolis didn’t show any significant effect on larval mortality 

percentage up to 2000 ppm. 

2. Essential Oils: 

           The larvicidal activity of the essential oils against Cx. pipiens larvae (Table 1) 

indicated that larval mortalities were increased by increasing concentration values. 

Mortalities weren’t corrected by Abbotts’s formula because control mortalities were less 

than 5% (World Health Organization, 2018).  

 

Table (1): Larvicidal activity of essential oils and bee products against late 3rd larval stages 

of Cx. pipiens after 24 h of post-treatments. 

 
 Values followed by the same letter(s) are not significantly different (Tukey’s HSD, P > 0.05).       

 

          The calculated lethal concentrations for anise, marjoram and garlic oils were 

displayed in Table 2. Anise oil (Pimpinella anisum) was the most effective oil with LC50 of 

577.53 ppm, followed by marjoram oil (Origanum majorana) and then garlic oil (Allium 

sativum) with LC50 of 840.71 and 1323.81 ppm, respectively. 
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Table 2: Lethal concentrations of the essential oils against the late 3rd Cx. pipiens larval 

instars 24 h post-treatments. 

 
LC: lethal concentration, LCL: lower Confidence Limit, UCL: Upper Confidence Limit, X2: Chi-

square (significant at P < 0.05), df: degree of freedom. 

 

3. Determination of Total Protein, Carbohydrate and Lipid: 

              Data in Table (3) showed that protein content in larvae treated with anise oil 

increased from 33.8 to 35.3 mg/g while decreased to 31.8 and 30.4 mg/g with marjoram 

and garlic oils. The reduction of protein content in the case of garlic oil was statistically 

significant.  

              Anise oil treatment increased carbohydrate content from 15.76 to 15.93 mg/g 

while there was a significant reduction to 11.43 and 11.2 mg/g with marjoram and garlic 

treatments. 

             Anise and garlic treatments increased lipid content from 3.11 mg/g in control 

larvae to 3.57 and 3.36 mg/g in treated larvae while marjoram treatment reduced lipid 

content of larvae to 2.98 mg/g. The increase in the case of anise treatment was statistically 

significant.  

 

Table 3: Effect of essential oils on total protein, carbohydrate and lipid contents. 

 
Note: All values in units of mg/g.   *. Significant value at the 0.05 level. 

 

              DISCUSSION 

 

              Essential plant oils are an affordable solution for controlling mosquitoes. In this 

work marjoram, garlic and anise oils showed toxicity against Cx. pipiens larvae, The LC50 

values for anise, marjoram and garlic oils were 577.53, 840.71 and 1323.81 ppm, 

respectively.  

               Propolis and bee venom didn’t show toxicity against the larvae up to 2000 ppm 
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although these products were toxic against other insects (as previously mentioned), this 

may be because the larvae used in the experiment were reared in the field and had a higher 

natural tolerance (Sehgal et al., 2014).  

              For essential oils, the mortality increased by increasing concentration during the 

experiment, similar findings were recorded by (Iqbal et al., 2018; Desouky et al., 2019)   

The present study indicated that anise oil was the most effective one against the larvae 

followed by marjoram oil. It was reported from previous studies that anise oil contained 

anethol (as a major component) and this component has a high toxicity against Cx. pipiens 

larvae (Konstantopoulou, 2012; Oz et al., 2018), Cx. quinquefasiatus larvae  (Benelli et al., 

2017; Benelli et al., 2018; Sergio Andrade-Ochoa et al, 2018), the gypsy moth (Kosti´c et 

al., 2021) and mites (El-sayed et al., 2022). 

              O. majorana essential oil was reported to contain monoterpene and sesquiterpenes 

(Fouad et al., 2014) and Garlic essential oil was reported to contain ally disulfide and 

diallyl trisulfide as major components (Muturi et al., 2018). These components were 

responsible for the toxicity against the larvae (Kimbaris et al., 2009). 

             The previous analysis of garlic and marjoram oils (purchased from El-Captain 

company) indicated that the major constituents of garlic were 2,3,3-trimethyl Hexane, 

Tetradecane and 4 (Prop-2-enoyloxy) pentadecane while marjoram contained 4 (Prop-2-

enoyloxy) pentadecane, Sabinene and ç-Terpinene (Meguid et al., 2022). Another analysis 

of garlic oil (from the same company) revealed that the major component was 9-

Octadecenamide, (Z)- followed by Trisulfide, di-2-propenyl and isochiapin B (Baz et al., 

2022b). The insecticidal activity of the plant extracts may be due to the presence of many 

components like; phenolics, alkaloids and terpenoids (Pavela & Ocimum, 2008; Desouky 

et al., 2019). Each essential oil is composed of volatile constituents and its insecticidal 

activity results from a synergistic effect between its all components (Dhifi et al., 2016). 

The activity of the whole plant oil is more than that of its major components (Burt, 2004; 

Hategekimana & Erler, 2020). The minor constituents of the oil have an important role in 

its biological activity as they can strengthen its effect (El-Shemy, 2018). 

Plant extracts affected negatively on larval development and metabolic rate (Sharma et al., 

2011). In this study, larvae treated with anise oil showed an increase in protein content 

from 33.8 mg/g to 35.5 mg/g in treated larvae; similar findings recorded an increase in 

protein content after the treatment of Cx. pipiens larvae by Borago officinalis ethanolic 

extraction as a result of the increasing detoxification enzymes activity (Draouet et al., 

2020). 

                Treatment by garlic and marjoram oils reduced protein content in this experiment 

and the reduction caused by garlic oil was significant. This may be because of the 

larvicidal interference between plant extracts and hormones that regulates protein synthesis 

(Vijayaraghavan et al., 2010; Sharma et al., 2011). Similar to our findings, treatment with 

Ocimum basilicum oil decreased protein content; which may be because of the degradation 

of proteins or the inhibition of its synthesis (Dris et al., 2017), treatment by Origanum 

glandulosum oil (Bouguerra & Boukoucha, 2021) and also treatment by methoxyfenozide 

(Hamaidia et al., 2018). 

              Anise oil increased carbohydrate content to 15.76 mg/g in this experiment and this 

increase was not significant. It was reported a non-significant increase in carbohydrate 

content after treatment of Cx. pipiens adults by Tecoma stans ethanolic extracts (Hafsi et 

al., 2022).  

Garlic and marjoram oils significantly decreased carbohydrate contents to 11.2 and 11.43 

mg/g, respectively. similar to our results, it was reported a significant decrease in 

carbohydrate content after larval treatment with Ocimum basilicum oil (Dris et al., 2017) 

and also a reduction in carbohydrate and lipid contents after larval treatment by ethanolic 
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extraction of Borago officinalis as a result of the treatment stress (Draouet et al., 2020). 

Treatment with garlic and anise oils increased lipid content to 3.36 and 3.57 mg/g, 

respectively. The increase in the case of garlic treatment was significant. Our findings 

agreed with similar studies indicating that lipid content increased after larval treatment 

with Azadirachta indica extract (Sharma et al., 2011) and adult treatment with Tecoma 

stans ethanolic extracts (Hafsi et al., 2022).   

             Marjoram treatment decreased lipid content to 2.98 mg/g in this experiment, 

similar to our findings it was recorded that lipid content declined after larval treatment by 

the extract of Artemisia annua; this may be as a result of a shift in metabolism towards 

lipid catabolism because of the treatment stress (Sharma et al., 2011), after the treatment of 

Cx. pipiens and Cs. longiareolata larvae by methoxyfenozide (Hamaidia et al., 2018) and 

also (Draouet et al., 2020) (as mentioned above). It was explained that the physiological 

stress resulting from the larval treatment was responsible for the decrease in lipid content 

(Senthilkumar et al., 2009).  

             In conclusion, Propolis and bee venom didn’t show any significant effect on larval 

mortality while garlic, marjoram and anise oils showed larvicidal activity with LC50 values 

of 1323.81, 840.71 and 577.53 ppm, respectively. Out of the three essential oils, anise oil 

was the most effective one. Garlic oils significantly reduced protein content from 33.8 to 

30.4 mg/g. Marjoram and garlic oils significantly reduced carbohydrate content from 15.76 

to 11.43 and 11.2 mg/g respectively. Anise oil significantly increased lipid content from 

3.11 to 3.57 mg/g. The study demonstrated the important role of these oils in keeping water 

free of Cx. pipiens larvae and getting rid of an important vector-borne disease like 

mosquitoes. 

 

              REFERENCES 

 

Abdel-Hamid, Y. M., Soliman, M. I., & Kenawy, M. A. (2011). Geographical distribution 

and relative abundance of culicine mosquitoes in relation to transmission of 

lymphatic filariasis in El Menoufia Governorate, Egypt. Journal of the Egyptian 

Society of Parasitology, 41(1), 109–118. 

Abdelbaset B. Zayed, Azza A. Mostafa, Walaa A. Moselhy, Hanaa I. Mahmoud, S. H. H. 

(2019). Influence of Temperature Change on the Growth and Susceptibility of the 

Influence of Temperature Change on the Growth and Susceptibility of the 

Common House Mosquito , Culex pipiens in Egypt to Some Insecticides. 

International Journal of Ecotoxicology and Ecobiology, 4(2), 42–50. 

https://doi.org/10.11648/j.ijee.20190402.11 

Aktar, W., Sengupta, D., & Chowdhury, A. (2009). Impact of pesticides use in agriculture : 

their benefits and hazards. Interdisciplinary Toxicology, 2(1), 1–12. 

https://doi.org/10.2478/v10102-009-0001-7 

Amin ,T.R. (1998). Biochemical and physiological studies of some insect growth 

regulators on the cotton leafworm , Spodoptera littoralis (Boisd.) .Ph.D. thesis  , 

Faculty of science, Cairo Univ. 

Anjum, S. I., Ullah, A., Khan, K. A., Attaullah, M., Khan, H., Ali, H., Bashir, M. A., Tahir, 

M., Ansari, M. J., Ghramh, H. A., Adgaba, N., & Dash, C. K. (2019). 

Composition and functional properties of propolis (bee glue): A review. Saudi 

Journal of Biological Sciences, 26(7), 1695–1703. https://doi.org/10.1016/ 

j.sjbs.2018.08.013 

Ararso, Z., & Legesse, G. (2016). Insecticidal action of honeybees propolis extract against 

larvae of lesser wax moth. Agriculture and Biology Journal of North America, 

7(6), 302–306. https://doi.org/10.5251/abjna.2016.7.6.302.306. 



Adel. A. Abou El Ela et al. 

 

8 

Baz, M. M., Hegazy, M. M., Khater, H. F., & El-Sayed, Y. A. (2021). (2021). Comparative 

Evaluation of Five Oil-Resin Plant Extracts against The Mosquito Larvae, Culex 

pipiens Say (Diptera: Culicidae). Pakistan Veterinary Journal, 41(2). https://doi. 

org/10.29261/pakvetj/2021.010 

Baz, M. M., Selim, A. M., Radwan, I. T., & Khater, H. F. (2022a). Plant oils in the fight 

against the West Nile Vector, Culex pipiens. International Journal of Tropical 

Insect Science, 42(3), 2373–2380. https://doi.org/10.1007/s42690-022-00762-1 

Baz, M. M., Selim, A., Radwan, I. T., Alkhaibari, A. M., & Khater, H. F. (2022b). 

Larvicidal and adulticidal effects of some Egyptian oils against Culex pipiens. 

Scientific Reports, 12, 1–18. https://doi.org/10.1038/s41598-022-08223-y 

Benelli, G., Pavela, R., Iannarelli, R., Petrelli, R., Cappellacci, L., Cianfaglione, K., 

Heshmati, F., Nicoletti, M., Canale, A., & Maggi, F. (2017). Synergized mixtures 

of Apiaceae essential oils and related plant-borne compounds : Larvicidal 

effectiveness on the filariasis vector Culex quinquefasciatus Say. Industrial Crops 

& Products, 96, 186–195. https://doi.org/10.1016/j.indcrop.2016.11.059 

Benelli, G., Pavela, R., Petrelli, R., Cappellacci, L., Canale, A., Senthil-nathan, S., & 

Maggi, F. (2018). Not just popular spices ! Essential oils from Cuminum 

cyminum and Pimpinella anisum are toxic to insect pests and vectors without a ff 

ecting non-target invertebrates. Industrial Crops & Products, 124, 236–243. 

https://doi.org/10.1016/j.indcrop.2018.07.048 

Bouguerra, N., & Boukoucha, M. (2021). GC – MS and GC ‑ FID analyses , antimicrobial 

and insecticidal activities of Origanum glandulosum essential oil and their effect 

on biochemical content of CX pipiens larvae. International Journal of Tropical 

Insect Science, 41, 3173–3186. https://doi.org/10.1007/s42690-021-00513-8 

Bradford, M. M. (1976). A Rapid and Sensitive Method for the Quantitation Microgram 

Quantities of Protein Utilizing the Principle of Protein-Dye Binding. Analytical 

Biochemistry, 72, 248–254. 

Burt, S. (2004). Essential oils : their antibacterial properties and potential applications in 

foods a review. International Journal of Food Microbiology, 94(3), 223–253. 

https://doi.org/10.1016/j.ijfoodmicro.2004.03.022 

Crompton, M., & Birt, L. M. (1967). Changes in the amounts of carbohydrates , 

phosphagen , and related compounds during the metamorphosis of the blowfly ,. 

Journal of Insect Physiology, 13, 1575–1592. 

Desouky, A., El, A., & Mahmoud, S. H. (2019). Toxicological activity of four plant oils 

against Aedes caspius and Culex pipiens ( Diptera : Culicidae ). International 

Journal of Mosquito Research, 6(1), 86–94. 

Dhifi, W., Bellili, S., Jazi, S., Bahloul, N., & Mnif, W. (2016). Essential Oils ’ Chemical 

Characterization and Investigation of Some Biological Activities: A Critical 

Review. Medicines, 3(4), 25. https://doi.org/10.3390/medicines3040025 

Draouet, C., Hamaidia, K., Brakni, A., Boutemedjet, S., & Soltani, N. (2020). Ethanolic 

extracts of Borago officinalis L. affect growth, development and energy reserve 

profile in the mosquito Culex pipiens. Journal of Entomological Research, 44(2), 

203–210. https://doi.org/10.5958/0974-4576.2020.00037.7 

Dris, D., Tine-Djebbar, F., Bouabida, H., & Soltani, N. (2017). Chemical composition and 

activity of an Ocimum basilicum essential oil on Culex pipiens larvae: 

Toxicological, biometrical and biochemical aspects. South African Journal of 

Botany, 113, 362–369. https://doi.org/10.1016/j.sajb.2017.09.013 

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A., & Smith, F. (1956). Colorimetric 

Method for Determination of Sugars and Related Substances. Analytical 

Chemistry, 28(3), 350–356. 



Larvicidal and Biochemical Effects of Some Essential Oils and Bee Products Against Culex pipiens Larvae 9 

El-Hosainy, A., Zahran, M., & Sabry, S. (2018). Metabolic Changes Associated With 

Using Lambda-Cyhalothrin Insecticide and Their Effects on Resistance 

Development in The Mosquito, Culex pipiens (Diptera: Culicidae). Egyptian 

Academic Journal of Biological Sciences, 11(1), 43–52. 

El-Sayed, S. M., Ahmed, N., Selim, S., Al-khalaf, A. A., Nahhas, N. El, Abdel-hafez, S. 

H., Sayed, S., Emam, H. M., & Ibrahim, M. A. R. (2022). Acaricidal and 

Antioxidant Activities of Anise Oil ( Pimpinella anisum ) and the Oil ’ s Effect on 

Protease and Acetylcholinesterase in the Two-Spotted Spider Mite ( Tetranychus 

urticae Koch ). Agriculture, 12(2), 224. 

El-Shemy, H. A. (2018). Potential of Essential Oils. In Potential of Essential Oils. InTech. 

https://doi.org/10.5772/INTECHOPEN.69939 

Fawzy, A., Al-Ahmadi, S., & Al-Hazmi, H. (2017). Influence of Some Natural Substances 

for Control the Greater Wax Moth Galleria mellonella l. (Lepidoptera: Pyralidae). 

Journal of Plant Protection and Pathology, 8(8), 407–413. https://doi.org/10. 

21608/jppp.2017.46358 

Fortified, C., Vector, V. F., & Broccoli, I. (2019). Toxicological and Repellent Effects of 

Lantana camara (Verbenaceae) and Eucalyptus citriodora (Myrtaceae) Extracts 

against Rift Valley Fever Vector, Culex antennatus (Becker) (Diptera: Culicidae). 

Journal of Nuclear Technology in Applied Science, 7(1), 1–9. https://doi.org/10. 

21608/jntas.2019.54581 

Fouad El-Akhal, Abdelhakim El Ouali Lalami, Yassine Ez Zoubi, Hassane Greche, R. G. 

(2014). Chemical composition and larvicidal activity of essential oil of O riganum 

majorana ( L amiaceae ) cultivated in M orocco against Culex pipiens ( D iptera : 

C ulicidae ). Asian Pacific Journal of Tropical Biomedicine, 4(9), 746–750. 

https://doi.org/10.12980/APJTB.4.2014APJTB-2014-0392 

Ghorbani, F., Vatandoost, H., Hanafi-bojd, A. A., Abai, R., Nikookar, H., & Enayati, A. A. 

(2018). High Resistance of Vector of West Nile Virus , Culex pipiens Linnaeus ( 

Diptera : Culicidae ) to Different Insecticides Recommended by WHO in 

Northern Iran. Journal of Arthropod-Borne Diseases, 12(1), 24–30. 

Govindarajan, M., Rajeswary, M., Muthukumaran, U., Hoti, S. L., Khater, H. F., & 

Benelli, G. (2016). Single-step biosynthesis and characterization of silver 

nanoparticles using Zornia diphylla leaves : A potent eco-friendly tool against 

malaria and arbovirus vectors. Journal of Photochemistry and Photobiology B: 

Biology, 161, 482–489. https://doi.org/10.1016/j.jphotobiol.2016.06.016 

Hafsi, N. H., Hamaidia, K., & Soltani, N. (2022). Chemical screening, insecticidal and 

reprotoxic activities of Tecoma stans ethanolic leaf extract against the vector 

mosquito Culex pipiens. Physiological Entomology, 1–12. https://doi.org/ 10. 

1111/phen.12386 

Hamaidia, K., Tine-Djebbar, F., & Soltani, N. (2018). Activity of a selective insecticide 

(methoxyfenozide) against two mosquito species (Culex pipiens and Culiseta 

longiareolata): toxicological, biometrical and biochemical study. Physiological 

Entomology, 43(4), 315–323. https://doi.org/10.1111/phen.12261 

Hanafi, H. A., Fryauff, D. J., Saad, M. D., Soliman, A. K., Mohareb, E. W., Medhat, I., 

Zayed, A. B., Szumlas, D. E., & Earhart, K. C. (2011). Virus isolations and high 

population density implicate Culex antennatus (Becker) (Diptera: Culicidae) as a 

vector of Rift Valley Fever virus during an outbreak in the Nile Delta of Egypt. 

Acta Tropica, 119(2–3), 119–124. https://doi.org/10.1016/j.actatropica.2011. 

04.018 

Harbach, R. E. (1985). pictorial keys to the genera of mosquitoes, subgenera of Culex and 

the species of Culex (Culex) occurring in southwestern Asia and Egypt, with a 



Adel. A. Abou El Ela et al. 

 

10 

note on the subgeneric placement of Culex deserticola (Diptera: Culicidae).  

Mosquito systematics, 17(2), 83–106. 

Hategekimana, A., & Erler, F. (2020). Fecundity and fertility inhibition effects of some 

plant essential oils and their major components against Acanthoscelides obtectus 

Say ( Coleoptera : Bruchidae ). Journal of Plant Diseases and Protection, 127(5), 

615–623. https://doi.org/10.1007/s41348-020-00311-3 

Hemingway, J., Beaty, B. J., Rowland, M., Scott, T. W., & Sharp, B. L. (2006). The 

Innovative Vector Control Consortium: improved control of mosquito-borne 

diseases. Trends in Parasitology, 22(7), 308–312. https://doi.org/10.1016/j. pt. 

2006.05.003 

Hubálek, Z. (2008). Mosquito-borne viruses in Europe. Parasitology Research, 103(1), 

29–43. https://doi.org/10.1007/s00436-008-1064-7 

Iqbal, J., Ishtiaq, F., Alqarni, A. S., & Owayss, A. A. (2018). Evaluation of larvicidal 

efficacy of indigenous plant extracts against Culex quinquefasciatus (Say) under 

laboratory conditions. Turkish Journal of Agriculture and Forestry, 42(3), 207–

215. https://doi.org/10.3906/tar-1711-69 

Khater, H. F., & Shalaby, A. A. (2008). Potential of biologically active plant oils to control 

mosquito larvae ( culex pipiens , diptera : culicidae ) from an egyptian locality. 

Revista do Instituto de Medicina Tropical de Sao Paulo, 50(2), 107–112. 

Kimbaris, A. C., Kioulos, E., Koliopoulos, G., Polissiou, M. G., & Michaelakis, A. (2009). 

Coactivity of sulfide ingredients: A new perspective of the larvicidal activity of 

garlic essential oil against mosquitoes. Pest Management Science, 65(3), 249–

254. https://doi.org/10.1002/ps.1678 

Knight, J. A., Anderson, S., & Rawle, J. M. (1972). Chemical Basisof the Sulfo-phospho-

vanillin Reactionfor Estimating Total Serum Lipids. Clinical Chemistry, 18(3), 

199–202. 

Konstantopoulou, A. C. K. & G. K. & A. M. & M. A. (2012). Bioactivity of Dianthus 

caryophyllus , Lepidium sativum , Pimpinella anisum , and Illicium verum 

essential oils and their major components against the West Nile vector Culex 

pipiens. Parasitology research, 111, 2403–2410. https://doi.org/10.1007/s00436-

012-3097-1 

Kosti´c, I.; Lazarevi´c, J.; Šešlija Jovanovi´c, D.; Kosti´c, M.; Markovi´c, T.; Milanovi´c, 

S. (2021). Potential of Essential Oils from Anise , Dill and Fennel Seeds for the 

Gypsy Moth Control. Plants, 10(10), 2194. 

Lebl, K., Zittra, C., Silbermayr, K., Obwaller, A., Berer, D., Brugger, K., Walter, M., 

Pinior, B., Fuehrer, H., & Rubel, F. (2015). Mosquitoes ( Diptera : Culicidae ) and 

their relevance as disease vectors in the city of Vienna , Austria. Parasitology 

Research, 114(2), 707–713. https://doi.org/10.1007/s00436-014-4237-6 

Mahgoub, M. O., Lau, W. H., Bin Omar, D., & Naim, A. M. El. (2018). Evaluation the 

Toxicity of Honey Bee Venom on Achroia grisella Developmental Stages. World 

Journal of Agricultural Research, 6(1), 5–9. https://doi.org/10.12691/wjar-6-1-2 

Meguid, A. D. A., Ramadan, M. Y., Khater, H. F., & Ibrahim, T. (2022). Louicidal 

Efficacy of Essential Oils against The Dog Louse , Trichodectes canis ( 

Mallophaga : Trichodectidae ) 1-Entomology Department , Faculty of Science , 

Benha U. Egyptian Academic Journal of Biological Science (E-Medical Entom. & 

Parasitology), 14(1), 1–16. https://doi.org/10.21608/EAJBSE.2022.218673 

Meshrif, W. S., Elhawary, N. A., Soliman, M. A., & Seif, A. I. (2021). Insecticide 

Resistance Variation among Three Culex pipiens (Diptera: Culicidae) Populations 

in Egypt. African Entomology, 29(2), 602–610. https://doi.org/10.4001/003. 

029.0602 



Larvicidal and Biochemical Effects of Some Essential Oils and Bee Products Against Culex pipiens Larvae 11 

Muturi, E. J., Ramirez, J. L., Zilkowski, B., Flor-Weiler, L. B., & Rooney, A. P. (2018). 

Ovicidal and Larvicidal Effects of Garlic and Asafoetida Essential Oils Against 

West Nile Virus Vectors. Journal of Insect Science, 18(2), 43. https: 

//doi.org/10.1093/jisesa/iey036 

Nagwa M. Elhawary, Khaled Sultan, I. F. R. and E. K. B. (2020). Larvicidal efficacy of 

some natural products against Culex pipiens larvae. Egyptian Veterinary Medical 

Society of Parasitology Journal, 16(1), 102–113. 

Nassar, M. I., Abd El-Monem, D. H., Youssef, M., Ibrahim, S. M., Mohamed, S. M., Abd-

Aldayem, M., & Abdelfattah, E. (2020). Bee Venom Drug Potentiality on the 

Macromolecules Damage of the Larval Gut of Hermetia Illucens (L.), (Diptera: 

Stratiomyidae). Journal of the Egyptian Society of Parasitology, 50(3), 488–493. 

https://doi.org/10.21608/jesp.2020.131070 

Oz, E., Koc, S., & Cetin, H. (2018). Chemical composition and larvicidal activity of 

essential oils from Nepeta Chemical composition and larvicidal activity of 

essential oils from Nepeta cadmea Boiss . and Pimpinella anisum L . on the larvae 

of Culex pipiens L . Marmara Pharmaceutical Journal, 22(2), 322–327. 

https://doi.org/10.12991/mpj.2018.70 

Pavela, R., & Ocimum, L. (2008). Larvicidal effects of various Euro-Asiatic plants against 

Culex quinquefasciatus Say larvae ( Diptera : Culicidae ). Parasitology Research, 

102(3), 555–559. https://doi.org/10.1007/s00436-007-0821-3 

Przybyłek, I., & Karpiński, T. M. (2019). Antibacterial properties of propolis. Molecules, 

24(11), 11–13. https://doi.org/10.3390/molecules24112047. 

Radwan, I. T., Baz, M. M., Khater, H., Alkhaibari, A. M., & Selim, A. M. (2022). Mg-

LDH Nanoclays Intercalated Fennel and Green Tea Active Ingredient: Field and 

Laboratory Evaluation of Insecticidal Activities against Culex pipiens and Their 

Non-Target Organisms. Molecules, 27(8), 2424. 

Regnault-roger, C., Vincent, C., & Arnason, J. T. (2012). Essential Oils in Insect Control : 

Low-Risk Products in a High-Stakes World. Annual Review of Entomology, 57, 

405–424. https://doi.org/10.1146/annurev-ento-120710-100554 

Robertson, D. (1990). laboratory and field evaluations of propolis as a plant protective 

agent. Msc study, of Horticultural Science at Massey University 

Salamah, M. M. I., Moustafa, M. A., Thabet, H. S., & Tawfik, R. A. (2016). A 

comparative ecological study between two egyptian villages previously endemic 

for bancroftian filariasis. Ain Shams Medical Journal, 67(1), 183–190. 

Sehgal, B., Subramanyam, B., Arthur, H., & Gill, S. (2014). Variation in susceptibility of 

laboratory and field strains of three stored-grain insect species to β -cyfluthrin and 

chlorpyrifos-methyl plus deltamethrin applied to concrete surfaces. Pest 

management science, 70(4), 576–587. https://doi.org/10.1002/ps.3580 

Senthilkumar, N., Varma, P., & Gurusubramanian, G. (2009). Larvicidal and adulticidal 

activities of some medicinal plants against the Malarial Vector, Anopheles 

stephensi (Liston). Parasitology Research, 104(2), 237–244. https://doi.org/ 

10.1007/s00436-008-1180-4 

Sergio Andrade-Ochoa, Daniela Sánchez-Aldana, Karla Fabiola Chacón-Vargas, Blanca E. 

Rivera-Chavira, Luvia E. Sánchez-Torres, A. D. C., & Benjamín Nogueda-Torres, 

G. V. N.-M. (2018). Oviposition Deterrent and Larvicidal and Pupaecidal Activity 

of Seven Essential Oils and their Major components against Culex 

quinquefasciatus Say ( Diptera : Culicidae ): Synergism – antagonism Effects. 

Insects, 9(1), 25. https://doi.org/10.3390/insects9010025 

Sh, A., Korrat, R. A. A., & Korrat, E. E. E. (2020). Selection of cypermethrin resistance in 

mosquito Culex pipiens larvae in Assiut , Egypt. Archeives of Agriculture 



Adel. A. Abou El Ela et al. 

 

12 

Sciences Journal, 3(2), 195–204. 

Sharma, P., Mohan, L., Dua, K. K., & Srivastava, C. N. (2011). Status of carbohydrate , 

protein and lipid profile in the mosquito larvae treated with certain phytoextracts. 

Asian Pacific Journal of Tropical Medicine, 4(4), 301–304. https://doi. org/10. 

1016/S1995-7645(11)60090-4 

Tageldin, R.A.; Zayed, A.; Abd-EI-Samie, E.M.; Mahmoud , H.I. and Zayed, A. B. (2018). 

Pyrethroid Resistance Monitoring in Culex pipiens Mosquito Populations from 

Three Egyptian Governorates. Journal of Nuclear Technology in Applied Science, 

6(3), 133–142. https://doi.org/10.21608/jntas.2018.54273 

Turell, M. J. (2012). Members of the Culex pipiens Complex as Vectors of Viruses. 

Journal of the American Mosquito Control Association, 28(4s), 123–126. 

Vijayaraghavan, C., Sivakumar, C., Kavitha, Z., & Sivasubramanian, P. (2010). Effect of 

plant extracts on biochemical components of cabbage leaf webber, Crocidolomia 

binotalis Zeller. Journal of Biopesticides, 3(1), 275–277. 

Wehbe, R., Frangieh, J., Rima, M., Obeid, D. El, Sabatier, J. M., & Fajloun, Z. (2019). Bee 

venom: Overview of main compounds and bioactivities for therapeutic interests. 

Molecules, 24(16), 1–13. https://doi.org/10.3390/molecules24162997 

World Health Organization. (1975). Manual on practical entomology in malaria.(part2). 

Methods and Techniques. (p. 197). 

World Health Organization. (2016). Test procedures for insecticide resistance monitoring 

in malaria vector mosquitoes. (p. 54). 

World Health Organization. (1981). Instructions for determining the susceptibility or 

resistance of mosquito larvae to insecticides (No. WHO/VBC/81.807). World 

Health Organization. 

Zahran, H. E. M., Abou-taleb, H. K., & Abdelgaleil, S. A. M. (2017). Adulticidal , 

larvicidal and biochemical properties of essential oils against Culex pipiens L. 

Journal of Asia-Pacific Entomology, 20(1), 133–139. https://doi.org/10. 

1016/j.aspen.2016.12.006 

 

 

 

 

 

 

 

 

 

 


	788246c287e002115b1ddcd00eb27161ea31780998ea8328c89ef239a5d1f1b9.pdf
	788246c287e002115b1ddcd00eb27161ea31780998ea8328c89ef239a5d1f1b9.pdf

