
 

 

 

INTRODUCTION 

 

Among arthropods class insecta is of great importance to 

public health. Insects are the main cause of infections and 

diseases (Khasnis and Nettleman, 2005). Most members of 

class insecta act as a vector for other pathogens and parasites 

(Markouk et al., 2000). Mosquitoes medically important 

group of insects are nuisance pests and a major vector for the 

spread of several life threatening diseases such as malaria, 

dengue fever, yellow fever, filariasis, schistosomiasis, 

Japanese encephalitis, chikungunya (Rahuman et al., 2011) 

causing millions of deaths every year. 

Culex quinquefasciatus (Diptera: Culicidae) is a vector of 

several arboviruses such as West Nile virus in southern states 

and filariasis in India (Manguin and Boet, 2011). In 73 

countries of Pacific Island, Africa, Southeast Asia and India, 

120 million people are affected from lymphatic filariasis each 

year while one to two million deaths are universally reported 

from malaria (Bagavan and Rahuman, 2011). This causes 

both high levels of morbidity and mortality along with 

socioeconomic disturbance in developing countries (Kamaraj 

et al., 2011). For the control of mosquitoes many insecticides 

are prepared but due to their widespread use many mosquitoes 

species have developed divergence to insecticides, so search 

for alternative control strategy is necessary (Markouk et al., 

2000; Fazal et al., 2014). Moreover, the use of synthetic 

insecticides in public health and agriculture programs are not 

ecofriendly and has caused ecological imbalances (Rawani et 

al., 2012).  

For centuries, medicinal plants have been used as a medicine 

for human diseases as they are environment friendly and 

contain secondary metabolites and bioactive components of 

beneficial values (Kumaret al., 2012). One of the best way to 

control a disease is to destroy its vector’s eggs or larvae as 

they are motionless at that stage of their life cycle (Tennyson 

et al., 2012).  

Natural pesticides and chemicals are less toxic and are 

biodegradable e.g. Euphorbiacea family members are of vast 

importance due to their medicinal values (Ozcan and 

Chalchat, 2002). These family members contain alkaloids, 

flavonoids and other secondary metabolites. It is reported that 

Euphorbia hirta and Croton bonplandianum have the 

potential to be used as an ideal environmental approach for 
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It is still an enigma to overcome mosquito outbreaks due to emergence of resistance against chemical insecticides. But, 

pesticides of botanical origin may demolish the resistance and become the suitable alternative in future. Larvicidal efficacy of 

Mentha piperita L. and Ocimum basilicum L. water and ethanolic leaves extracts was evaluated against 2nd, 3rd and 4th instar 

larvae of Culex quinquefasciatus (Diptera; Culicidae). The larval mortality was recorded after each 12 h of 2 d continuous 

exposure. All extracts indicated moderate larvicidal activities; however, M. Piperita ethanolic extract inhibited larvae growth 

and signified higher toxicity, as compared to O. basilicum. LC50 and LC90 of 2nd, 3rd and 4th instars larvae were 301.90, 276.60 

and 198.02 ppm in water and 238.84, 156.46 and 146.24 ppm in ethanol extract of M. piperita respectively. Whereas, LC50 of 

O. basilicum was 588.13, 512.22 and 490.92 ppm in water and 413.75, 396.29 and 302.78 ppm in ethanol extract against 2nd, 

3rd and 4th instar larvae respectively. Biochemical analysis of extract treated larvae revealed a significant decrease in proteins, 

carbohydrates and lipids of larvae. Among the two plants tested, M. Piperita (p= 0.01) showed significantly higher toxicity, as 

compared to O. basilicum (p=0.02). Biochemical analysis of extract treated larvae revealed a significant decrease in proteins, 

carbohydrates and lipids. Phytochemical analysis of M. piperita in ethanol revealed the presence of alkaloids, anthraquinone, 

carbohydrates, flavonoids, phenols, saponins and steroids whereas, water extract added, cardiacglyosides, instead of phenols, 

anthroquinone and saponins. In further studies, these chemicals can be isolated and evaluated individually for their toxicity to 

use in preparing environment friendly larvicides. 
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the control of vectors e.g., Aedes stephensi (Panneerselvam et 

al.,2013; Bagavan and Rahuman, 2011). 

Phytochemicals derived from plant sources can act as 

larvicides, insect growth regulators and repellents, and 

oviposition attractants. Many plants derived chemicals play 

an important role in interruption vectors like mosquitoes 

transmission at the individual and as well as at the community 

level (Govindarajan et al., 2011; Kumar et al., 2012). 

Hence the present study was designed to evaluate the 

larvicidal efficacy of M. piperita and O. basilicum 

(Lamiaceae) leaves extracts in water and ethanol solvents 

against C. quinquefasciatus (C. fatigans) larvae. Therefore, 

natural plant products can be replaced by synthetic 

insecticides to prevent health hazards. 

 

MATERIALS AND METHODS 

 

Plants collection: The leaves of Ocimum basilicum L. and 

Mentha piperita L. (Lamiaceae) were collected from the 

vegetation of botanical garden of Quaid-i-Azam University 

(33.43°N and 73.04°E), Islamabad, Pakistan in March 2016. 

Plants were identified using the key described by Nasir and 

Ali (1972). 

Preparation of plant extracts: Leaves of selected plants were 

rinsed with water, dried in oven at 37°C and grinded with 

electric super blender (Westpoint WF-718, Korea). 30 g of 40 

passed and 60 meshed retained powdered plants was extracted 

with ethanol (300 ml, BDH® Laboratories England) and water 

in Soxhlet apparatus (China). The dried residue of extracts 

was collected by evaporating solvent with rotary vacuum 

evaporator and stored at 4°C. The stock solution was prepared 

by dissolving 1 g of dried extract in 100ml of distilled water. 

Five different concentrations (80, 160, 240, 320 and 400 ppm) 

were prepared by applying formula as described by Jayal et 

al. (2010). 

C1V1 = C2V2 

C1= Conc. of Stock solution (ppm), V1= Required volume, C2 = 

Required Conc., V2= given volume 
Larvae culture: Larvae of C. quinquefasciatus were collected 

from stagnant water sites in Quaid-i-Azam University, 

Islamabad, Pakistan in pre-monsoon season by dipping 

method. Larvae were identified according to the key of Corbel 

et al. (2007) and kept in plastic containers containing tap 

water with net covering (Fig. 1). Cultures of larvae were 

maintained at 26±2°C and 70-80% RH under dark and light 

conditions.  

Larvicidal bioassay: The 2nd, 3rd and 4th instar larvae were 

separated and kept in 1000ml plastic containers (20 

larvae/container) containing 200ml water. The calculated 

amounts of different concentrations (80, 160, 240, 320 and 

400 ppm) of each plant extract were added in each container 

containing larvae separately. The larvae were fed with 

powdered mixture of dog biscuits and yeast in 3:1 and each 

container was covered with mosquito net. Three replicates of 

each set were prepared along with one control (having no 

extract). The average percentage mortality was calculated 

after each 12 hrs of 2 days of bioassay. The morphological 

changes were observed under trinocular microscope (Optika® 

500, Italy) in experimented and control larvae. The dead 

larvae were removed immediately to avoid any distress for 

remaining larvae. 

 

 
Figure 1. Experimental design. 

 

Biochemical analysis of experimented larvae: After 48 hrs 

dead larvae from 400ppm concentration were removed, 

washed with a chilled normal saline solution, dried and were 

weighed. Each of 90mg was homogenized in 0.25 M sucrose 

solution. The homogenate was centrifuged at 13000 rpm for 

15-20 minutes. The supernatant was collected and stored at -

20°C for estimation of proteins, carbohydrates and lipids. 

Proteins were estimated by Lowry’s method taking bovine 

serum albumin (BSA) as standard (Lowry et al., 1951), 

Carbohydrates by phenol-sulphuric acid method (Tatsuya et 

al., 2005) and Lipids (glycerol, triglyceride and high density 

test) by using biochemistry analyzer (Motenu®, China). 

Phytochemical analysis: The extracts and powder form of 

effective plant (M. piperita) against larvae of C. 

quinquefasciatus was qualitatively analyzed by different 

chemical tests using the standard procedure to identify 

constituents as reported by Sofowara (1993).  

Statistical analysis: The average percentage mortality data of 

larvae was subjected to One-way ANVOA to determine 

significance difference among plant extracts, larval stages and 

time duration. Furthermore, probit analysis was performed to 

calculate LC50, LC90, chi-square and other statistics at 95% 

confidence limits upper and lower using IBM SPSS software 

V. 20.  

 

RESULTS 

 

One-way ANOVA and multi comparison analysis against 

average percentage mortality of mosquito larvae indicated 

that different concentration of each plant extract induced 
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significant (p= 0.000) mortality as compare to control and 

other lower concentrations. Likewise, after each 12 hrs of 

bioassay average percentage mortality was increased 

(p=0.013) in each larval stage against all plants extracts. But, 

there was no significant difference (p=0.192) was observed in 

mortality among different larval stage of C. quinquefasciatus 

against each plant extract (Table 1).  

Larvicidal activity of M. pipertia (mint) ethanol induced 

highly significant mortality at different concentrations as 

compare to control and other extracts after 48 hrs of exposure. 

At 400 ppm ethanolic extract of mint showed highest 

mortality 65.08±4.03, 70.90±3.39 and 90.92±6.80% in 2nd, 3rd 

and 4th larval stages (Fig.  2b); Whereas, ethanolic extract of 

O. basilicum was failed to induce >50% mortality in any 

larval stage of C. quinquefasciatus after 48 of continuous 

exposures (Fig. 3b).   

Moderate larvicidal activity was exhibited among water 

extracts of both plants in 1st, 2nd and 3rd larva stages, but mint 

water extract showed mortality 62.09±5.87, 70.65±4.37 and 

82.45±6.67% respectively (Fig. 2a). In water extract of O. 

basilicum average percentage mortality was < 60% in 1st 

larval instar; whereas, <70 % mortality was observed in 

4thlarval instar after 48hrs of exposure (Fig. 2b).  

Probit analysis indicated the LC50 and LC90 to determine the 

toxicity of each plant extract across the average percent 

mortality of larvae of C. quinquefasciatus. LC50 of M. piperita 

water extract was 301.90, 276.60 and 198.02 ppm and that of 

O. basilicum was 512.22, 490.92 and 413.75 ppm for 2nd, 3rd 

and 4th instar larvae respectively. Likewise, the LC90 of M. 

piperita water extract was 729.67, 703.43 and 637.81 ppm 

and for O. basilicum were 1129.21, 977.52 and 974.22 for 2nd, 

3rd and 4th instar larvae respectively (Table 2). 

Table 1. One-way ANOVA results indicating significant difference between concentrations (dose) and mortality 

(response), time and mortality and larval stages and mortality. 

Plants  Solvents Variables Mean square F P (df) 

Mentha piperita L. Water Conc. × mortality 4014.55 92.900 0.000 (5) 
Time  × mortality 583.64 1.840 0.142 (3) 
L. stage* × mortality 273.34 0.843 0.435 (2) 

Ethanol Conc. × mortality 8606.57 79.020 0.000 (5) 
Time  × mortality 1013.23 1.460 0.223 (3) 
L. stage × mortality 1208.00 1.745 0.182 (2) 

Ocimum basilicum L. Water Conc. × mortality 1323.88 33.360 0.000 (5) 
Time  × mortality 423.90 12.190 0.614 (3) 
L. stage × mortality 215.84 1.690 0.420 (2) 

Ethanol Conc. × mortality 2704.78 25.420 0.000 (5) 
Time  × mortality 1564.71 6.710 0.003 (3) 
L. stage × mortality 565.05 2.000 0.142 (2) 

*L. stages = Larval stages (1st, 2nd and 3rd) of C. quinquefasciatu. 

 

 
Figure 2. Percentage mortality of 2nd, 3rd and 4th instar larvae of C. quinquefasciatus treated with different 

concentrations of M. piperita leaves extract in water (a) and ethanol (b) solvent after each 12 hrs of 2 days’ 

bioassay. 
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But, the LC50 of ethanol extract of M. piperita was 238.84, 

156.46 and 142.24 ppm and that of O. basilicum was 413.75, 

396.27 and 302.78 ppm for 1st, 2nd and 3rd larval instar. 

Likewise, LC90 of ethanol extract of M. piperita was 553.83, 

389.38 and 356.12 ppm and 884.98, 868.73 and 710.18 ppm 

O. basilicum for C. quinquefasciatus (Table 2). 

Microscopic observations of physical conditions of control 

and dead larvae were observed as indicated in Fig. 4. Plant 

extracts modified the physical behavior of larvae after 48 hrs 

of continuous exposure. They lost the active swimming, 

foraging activities, failed to maintain body in balance, and gut 

rupturing after 48 hrs continuous plant extract exposure. 

Biochemical tests: The proteins, carbohydrates and lipids 

(Cholesterol, triglyceride, high density lipid) contents in 2nd, 

3rd and 4th instar larvae treated with M. piperita extract at 

400ppm in water solvent was significantly lesser than control 

(p<0.05). Similarly treated with O. basilicum at same 

concentration in water solvent was also significantly smaller 

as compared with control (p<0.05) (Fig. 5a). The protein, 

carbohydrate and lipid contents in 2nd, 3rd and 4th instars larvae 

treated in ethanol solvent with both leaves extract of M. 

piperita and O. basilicum at 400ppm were found to be 

significantly less than control (p<0.05) as was the case with 

water solvent extract of plants experimented (Fig. 5b). 

Table 2. Larvicidal potential (LC50 and LC90) of aqueous and ethanol crude leaves extracts of M. piperita and O. 
basilicum against C. quinquefasciatus. 

Plants’ name Solvents Larval 
instars 

LC50 (ppm) 
(UCL-LCL) 

LC90 (ppm) 
(UCL-LCL) 

χ2 (df=22) 

Mentha piperita L. Water 2nd 301.90 (348.45-266.79) 729.67 (902.83-623.43) 68.01 
3rd 276.60 (327.82-237.47) 703.43 (910.08-527.52) 96.03 
4th 198.02 (242.18-153.68) 637.81 (844.37-527.81) 130.89 

Ethanol 2nd 238.84 (270.65-209.97) 553.83 (657.03-486.19) 96.02 
3rd 156.46 (181.94-128.27) 389.38 (447.99-348.08) 124.35 
4th 142.24 (171.49-107.52) 356.12 (414.84-315.62) 157.57 

Ocimum basilicum L. Water 2nd 588.13 (760.46-493.84) 1129.21 (1539.9-911.26) 39.25 
3rd 512.22 (649.13-435.30) 977.52 (1472.27-881.64) 52.21 
4th 490.92 (629.69-414.92) 974.22 (1336.22-786.71) 69.88 

Ethanol 2nd 413.75 (555.72-343.01) 884.98 (1324.47-691.82) 133.32 
3rd 396.27 (516.07-332.23) 868.73 (1254.01-688.75) 118.65 
4th 302.78 (361.75-261.06) 710.18 (953.36-605.67) 108.53 

Control has non-considerable mortality; significant at p<0.05 level, LC50= Lethal Conc. at which 50% exposed larvae kills; LC90= Lethal 
Conc. that kills 90% exposed larvae; UCL= upper confidence level; LCL= lower confidence interval; χ2= chi-square; df= degree of 
freedom. 
 

 
Figure 3. Percentage mortality of 2nd, 3rd and 4thinstar larvae of C. quinquefasciatus treated with different 

concentrations of O. basilicum leaves extract in water (a) and ethanol (b) solvent after each 12 hrs of 2 

days bioassay. 
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Figure 4. Microscopic observations of 2nd, 3rd and 4th 

instar larvae after 2 days continue exposure to 

plant extracts; control (a, c, e) a) active 

swimming, c) maintain equilibrium, e) complete 

gut; experimented: b) Inactive, d) loss of 

equilibrium f) ruptured gut larvae.  

 

Phytochemical analysis: The leaf extract of M. piperita in 

ethanol were used for the evaluation of phytochemical 

qualitative analysis being more toxic as compared to O. 

basilicum, indicated the presence of medicinally active 

constituents like alkaloids, anthraquinone, carbohydrates, 

flavonoids, phenols, saponins and steroids. The leaves extract 

of M. piperita in water was also evaluated for phytochemical 

qualitative analysis indicated the presence of 

pharmaceutically active ingredients like alkaloids, 

cardiacglyosides, flavonoids, saponins, reducing sugar and 

steroids (Fig. 6). 

 
Figure 6. Qualitative phytochemical analysis of leaves of 

M. piperita in ethanolic and water extracts. 

 
Figure 5. Comparison of Carbohydrate, lipid and protein contents of 2nd, 3rd and 4th instars larvae of C. 

quinquefasciatus in M. piperita and O. basilicum leaves extract in water (solvent) (a) and in ethanol extract 

treated (b) at 400ppm. 
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DISCUSSION 

 

Now days, vector control programs are focusing on the 

eradication of mosquito at larval stages using natural product 

(plants derivatives) instead of synthetic insecticides. Because 

of environment concerns and least resistance by mosquito 

larvae that are paramount targets along with feasible habitat 

condition. The plus point in targeting mosquitoes larvae are 

that they are unable to escape from target/breeding sites until 

the adult stage. Furthermore, it also reduces the amount of 

pesticides that use in adult vector through fumigation and 

aerial application of insecticides (Tennyson et al., 2012).  

The therapeutic potential of crude plant extracts is frequently 

attributed to the complex concoction of toxic and other active 

compounds. For this purpose, primary screening is a good 

suggestion to investigate the potential and active compounds 

in crude plant extracts against larvae of mosquito. In present 

study ethanolic extract of M. piperita was significantly active 

to induce highest average mortality in each larval stage of C. 

quinquefasciatus as compare to O. basilicum. This larvicidal 

activity may be attributed due to high solubility of mint into 

ethanol and presence of flavonoids and anthraquinone. It has 

been reported earlier that flavonoids induced significant 

mortality against III and IV larval instar of Adese aegypti and 

Anopheles stephensi isolated from crude extract of Vitex 

negundo and Andrographis paniculata (Gautam et al., 

2013).Furthermore, aqueous crude extracts of Hemidesmus 

indicus, Gymnema sylvestre and Eclipta prostrata were 

induced 100 % mortality in C. qinquifaciatus mosquito larvae 

at 5% concentration due to presence of flavonoids and 

phenols (Khanna and Kannabiran, 2007). In a study, 31 plant 

extracts of Euro and Asiatic origin were studied to determine 

larvicidal potential against larvae of C. qinquifaciatus 

(Palvela, 2008). In another study, petroleum ether extracts of 

sixty-three plants were screened for larvicidal potential 

against larvae of C. qinquifaciatus, Anopheles stephensi and 

Adese aegypti among which six plants were identified as 

strong larvicides due to presence of flavonoids (Sakthivadivel 

and Daniel, 2008). 

In present study, LC50 of M. piperita ethanol extract was 

significantly less than O. basilicum ethanol extract that 

indicate the high toxicity of M. piperita as compare O. 

basilicum. In a study, methanol ethanol extract of Cassia 

fistula exhibited 17.97 and 20.57 mg/L LC50 against A. 

stephensi and C. quinquefasciatus respectively (Govindarajan 

et al., 2008). Saravanan et al., (2007) reported ethanolic and 

petroleum ether extract of Caesalpinia bonduc exhibited 

100% mortality in 4th larval stages of C. quinquefasciatus. In 

another study, chloroform and methanolic extracts of leaves 

of S. villosum exhibited the LC50 value between 24.20 and 

33.73 ppm after 24 hrs and between 23.47 and 30.63 ppm after 

48 hrs of continuous exposure against all larval instar of A. 

subpictus (Chowdhary et al., 2008). 

Biochemical analysis of dead larvae by extracts toxicity 

revealed that carbohydrate, protein and lipid’s profile was 

significantly reduced as compare to control group. This 

suggests that at 400 ppm concentration of extracts of both 

plant possess some toxic constituents which affected the 

biochemistry of larvae and induced high mortality. It may be 

due to changes in energy absorption, per oxidation and 

insecticidal stress (Qureshi et al., 2015). These results are in 

accordance with Sharma et al. (2011) who reported decrease 

in oocyte heamolymph and fat bodies of Tenebrio molitor 

after revealing to malathion.  

Microscopic observations of treated larvae exhibited the toxic 

effect of plant extracts in the form of inactive swimming, loss 

of equilibrium and rupturing of gut. This may be due to 

decline in glucose level as compared to control. This also 

suggests that it might be due to insecticidal stress activated by 

these extracts lead to decrease in foraging performance, 

partial consumption of food material and degradation of body 

wall contents. This biological activity of plant extracts might 

be due to presence of various compounds like phenolics, 

flavonoids, tannins and alkaloids (Rafael et al., 2008). In 

present qualitative phytochemical analysis indicated the 

presence of flavonoids and phenolic compounds in M. 

piperita that might be responsible for significant mortality in 

larvae of C. quinquefasciatus as compare to O. basilicum 

(Fig. 6).  

 

Conclusion: The current study provided two additional 

larvicidal agents of botanical origin that were comparable 

with past screening work as mentioned above and these plants 

might be used as alternative controlling agents to C. 

quinquefasciatus larvae in purified form. Further, exploration 

is needed to expose this activity against adult stages of 

mosquito species and to explore active flavonoids and 

phenolic compounds of the plant extract responsible for 

highest mortality in mosquito larvae.  
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