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ARTICLE INFO                                                ABSTRACT 

 
The present study was aimed to investigate the mosquitocidal activity hexane, 
chloroform, petroleum ether and ethanol extract of Exacum pedunculatum Linn. 
against an important malarial vector mosquito, Anopheles stephensi Liston under 
laboratory condition. This experiment was designed according to the standards 
protocols.  The larvicidal activity of different crude extracts of E. pedunculatum 
was tested with 50, 100,150,200 and 250ppm concentrations against fourth instar 
larvae of An. stephensi. The experimental larvae exposed to 250ppm 
concentration of E. pedunculatum showed more susceptibility to hexane extract, 
followed by petroleum ether, ethanol and chloroform. The LC50 value of hexane 
extract was recorded to be 127.45ppm; for chloroform 127.39ppm; petroleum 
ether with 151.96ppm and the least LC50 value of 121.24ppm was recorded with 
ethanol extract. Likewise, the LC90 values and their LCL-UCL concentrations 
were determined as 231.20 (215.07-252.44ppm), 249.13 (203.11-373.03ppm), 
255.49 (234.22-271.74ppm) and 240.57 (194.81- 368.30pp) were noticed against 
hexane, chloroform, petroleum ether and ethanol extracts respectively towards 
the fourth instar larvae of An. stephensi. The data obtained in this experiment 
was pertinent to note that 200-300ppm concentration of the petroleum and 
ethanol extracts showed strong ovicidal activity with no hatchability in the 
experimental group eggs, contrarily 92.8 -100% egg hatchability was recorded 
with control. The percentage of egg hatchability was decreased with increasing 
concentration of the plant extracts. The information’s given are first report on E. 
pedunculatum against An. Stephensi 
 
 
 

INTRODUCTION 
 

Mosquitoes are the major vector for the transmission of 
several communicable diseases like malaria, dengue 
fever, yellow fever, filariasis, schistosomiasis, Japanese 
encephalitis (JE), etc., causing millions of deaths every 
and also cause allergic responses in humans that include 
local skin and systemic reactions such as angioedema 
(WHO, 2009; 2010).  Anopheles stephensi Liston is the 
common vector of malaria in India and other West Asian 
countries. Malaria remains one of the most prevalent 
diseases in the tropical world. With 200 million to 450 
million infections annually worldwide, it causes upto2.7 
million deaths (WHO, 1999). The disease remains 
endemic in more than 100 developing tropical countries, 
and its control is a major goal for improved worldwide 
health. 
 

Mosquito control has been becoming increasingly 
difficult because of the indiscriminate uses of synthetic 
chemical insecticides which have an adverse impact on 
the environment and disturb ecological balance. Majority 
of the chemical pesticides are harmful to man and 
animals, some of which are not easily degradable and 
spreading toxic effects. The increased use of these 
insecticides may enter into the food chain, and thereby, 
the liver, kidney, etc., may be irreversibly damaged. They 
even result in mutation of genes and these changes 
become prominent only after a few generations (Gosh, 
1991). Mosquito control is very costly.  In larval 
mosquito control, application of insecticides in ponds, 
wells, and other water bodies may cause health hazards to 
human and larvivorus fishes. Nowadays, mosquito coils 
containing synthetic pyrethroids and other 
organophosphorus compounds cause so many side effects, 
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such as breathing problem, eye irritation, headache, 
asthma, itching, and sneezing to the users. With the use 
mosquito repellent, people complained of ill health effect 
and sometimes required medical treatment. In addition, 
pests were becoming resistant to chemical treatments. 
Indoor residual spraying of insecticides stains the walls 
and leaves a long lasting unpleasant odor.  
 

     These problems have highlighted the need for the 
development of new strategies for selective mosquito 
control. Phytochemicals are advantageous due to their 
eco-safety, target-specificity, non development of 
resistance, reduced number of applications, higher 
acceptability, and suitability for rural areas. Botanicals 
can be used as alternative to synthetic insecticides or 
along with other insecticides under integrated vector 
control programs. The plant product of phytochemical, 
which is used as insecticides for killing larvae or adult 
mosquitoes or as repellents for protection against 
mosquito bites. Phytochemicals obtained from the whole 
plant or specific part of the plant by the extraction with 
different types of solvent such as aqueous, methanol, 
chloroform, benzene, acetone, etc., depending on the 
polarity of the phytochemical. Some phytochemicals act 
as toxicant (insecticide) both against adult as well as 
larval stages of mosquitoes, while others interfere with 
growth and growth inhibitor or with reproduction or 
produce an olfactory stimulus, thus acting as repellent or 
attractant (Markouk et al., 2001).  
 

     Plants may be a source of alternative agents for control 
of mosquitoes because they are rich in bioactive 
chemicals, are active against a limited number of species 
including specific target insects, and are biodegradable. 
They are potentially suitable for use in integrated pest 
management programs (Alkofahi, 1989; Dharmshaktu et 
al., 1987; Green et al., 1991). In view of the recently 
increased interest in  developing plant origin insecticides 
as an alternative to chemical insecticide, this study was 
undertaken to assess  the larvicidal and ovicidal potential 
of the  hexane, chloroform, petroleum ether and ethanol 
crude extract of Exacum pedunculatum against  the 
medically important mosquito vector, Anopheles  
stephensi. 
 

MATERIALS AND METHODS 
 
Collection of plants 
 

Matured  leaves of Exacum pedunculatum were collected 
during the flowering season (From January 2011-April 
2011) in and around Dindugal District of Tamil  Nadu, 
India. The collected plants were authenticated by a plant 
taxonomist in the Department of Botany, Poompuhar 
College, Tamilnadu, India.  
 

Extraction  
 

The leaves were washed with tap water, shade-dried, and 
finely ground with the help of electrical blender. The 
finely ground plant leaf powder (1.0 kg) was loaded in 
Soxhlet apparatus and was extracted with ethanol by 
adapting a standard protocol (Vogel, 1978). The solvents 
from the extracts were removed using a rotary vacuum 

evaporator (Rota vapour, Systronics India Ltd., Chennai, 
India) to collect the crude extract. Standard stock 
solutions were prepared to 50, 100, 150, 200 and 250ppm 
(for larvicidal activity; and 50-300 ppm for ovicidal 
activity) by dissolving the residues in their respective 
solvent.  
 

Test organisms  
 

The larvae of mosquito, Anopheles stephensi were 
collected from the agricultural gardens and field, reared in 
the laboratory. The larvae were fed on dog biscuits and 
yeast powder in the 3:1 ratio. Adults were provided with 
10% sucrose solution and 1-week-old chick for blood 
meal. Mosquitoes were held at 28 ± 2°C, 70–85% RH, 
with a photo period of 12L: 12D.  
 

Larvicidal bioassay 
 

The larvicidal activity of the plants crude extracts was 
evaluated as per the method recommended by World 
Health Organization (2005). Batches of 25 third instar 
larvae were transferred to a small disposable test cups, 
each containing 200 ml of water. The appropriate volume 
of dilution was added to 200 ml water in the cups to 
obtain the desired target dosage, starting with the lowest 
concentration. Five replicates were set up for each 
concentration, and an equal number of controls were set 
up simultaneously using tap water. To this, 1 ml of 
appropriate solvent was added. The larval mortality was 
calculated by using the formula of Abbott (1925) and 
LC50 value was calculated after 24 h by probit analysis 
(Finney, 1971).  
 

Ovicidal activity  
 

For ovicidal activity, slightly modified method of Su and 
Mulla (1998) was performed. The eggs of Anopheles 
stephensi were collected from vector control laboratory, 
Annamalai University. The different leaf extracts diluted 
in the appropriate solvent to achieve various 
concentrations ranging from 50 to 450 ppm. Eggs of these 
mosquito species (100) were exposed to each 
concentration of leaf extracts. After treatment, the eggs 
from each concentration were individually transferred to 
distilled water cups for hatching assessment after 
counting the eggs under microscope. Each experiment 
was replicated six times along with appropriate control. 
The hatch rates were assessed 48 h post treatment by 
following formula. 

 

% of egg mortality =
Number of hatched larvae

Total number of eggs X100 

RESULTS  
 

The larvicidal activity of different crude extracts of E. 
pedunculatum was tested with 50, 100,150,200 and 
250ppm concentrations against fourth instar larvae of An. 
stephensi. Perusal of the data clearly revealed that at 
50ppm concentration ethanol extracts showed strong 
larvicidal activity among the other tested extracts. At 
100ppm concentration chloroform extract of E. 
pedunculatum showed potential larvicidal effect followed 
by ethanol extract. Whereas, at 150ppm concentration 
hexane extract showed high larvicidal activity against the 
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fourth instar larvae of An. stephensi. Similar trend was 
also observed among the 200ppm concentration. The 
experimental larvae exposed to 250ppm concentration of 
E. pedunculatum showed more susceptibility to hexane 
extract, followed by petroleum ether, ethanol and 
chloroform (Fig.1). The determination of LC50 and LC90 
for the above experiments was derived by probit analysis 
and the data pertaining to it was depicted in table 1.  It is 
very clear that the LC50 value of hexane extract was 
recorded to be 127.45ppm; for chloroform 127.39ppm; 
petroleum ether with 151.96ppm and the least LC50 value 
of 121.24ppm was recorded with ethanol extract. 
Likewise, the LC90 values and their LCL-UCL 
concentrations were determined as 231.20 (215.07-
252.44ppm), 249.13 (203.11-373.03ppm), 255.49 
(234.22-271.74ppm) and 240.57 (194.81- 368.30pp) were 
noticed against hexane, chloroform, petroleum ether and 
ethanol extracts respectively towards the fourth instar 
larvae of An. stephensi. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Ovicidal activity of different concentration of various 
crude extracts of E. pedunculatum leaves was assessed in 

terms of % egg hatchability. The data obtained in this 
experiment was pertinent to note that 200-300ppm 
concentration of the petroleum and ethanol extracts 
showed strong ovicidal activity with no hatchability in the 
experimental group eggs, contrarily 92.8 -100% egg 
hatchability was recorded with control groups (control 
group eggs were treated with respective solvent + DMSO; 
Table 2). The percentage of egg hatchability was 
decreased with increasing concentration of the plant 
extracts. 
 

DISCUSSIONS  
 

Due to indiscriminate use of synthetic chemicals to 
control the mosquitoes in the natural habitats, they have 
developed strong resistance to almost all the chemicals 
that are available today. Moreover, chemical pesticides 
gradually altered the behaviour of non-target organisms. 
Thus, in this context, the world scientific community 
intensively searching for the alternative mosquitocidal 
agent preferably from plants available in nature. Today, 
the environmental safety of an insecticide is considered to 
be of important milestone in the field of pest control in 
general and vector control programme in particular. An 
insecticide must not cause high mortality in target 
organisms in order to be acceptable (Kabaru and Gichia, 
2001). The extract treated eggs exhibited an allayed 
hatchability and this may be due to the action of 
phytochemicals present in the extract. The extract may 
inhibit the hatchability of the eggs by interfering with 
their chorion. It is evident from the present study that 
exposure of An. stephensi eggs to the leaf extracts of 
various solvents not only elicited egg mortality but also 
delayed hatchability to larval stages. Similar kind of 
observation was also noted earlier by several workers 
(Rajkumar et al., 2011; Aarthi and Murugan, 2011).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 1 Larvicidal activity of different crude extracts of Exacum 
pedunculatum (leaves) tested with various concentrations 
against freshly moulted fourth instar larvae of Anopheles 
stephensi. 
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Table 1 lethal concentration (LC50 and LC90) of different crude extracts of Exacum pedunculatum  
(leaves)  against freshly moulted fourth instar larvae of Anopheles stephensi. 

 
Extracts tested LC50 95% Confidence 

Limit 
 95% Confidence 

Limit 
2 value 

LCL UCL LC90 LCL UCL 
Hexane 127.45 116.64 137.64 231.20 215.07 252.44 7.557 
Chloroform 127.39 82.74 162.26 249.13 203.11 373.03 9.347 
Petroleum ether 151.96 142.14 161.84 255.49 234.22 271.74 3.643 
Ethanol 121.24 72.26 156.82 240.57 194.81 368.30 10.179 

                            LC50=Lethal Concentration causes 50% larval mortality; LC90= Lethal Concentration causes 90% larval mortality.  
                           LCL=Lower Confidence Limit; UCL=Upper Confidence Limit.  
 

Table 2 Ovicidal activity (% egg hatchability) of different crude extracts of Exacum pedunculatum 
 (leaves)  against freshly freshly laid eggs (0-6h) of Anopheles stephensi. 

 

Extracts 
tested 

Concentrations of the extract tested (ppm) 

50 100 150 200 250 300 Contro
l 

Hexane 90.6 ±  
3.2 

70.2 
± 2.9 

65.8 
± 2.1 

40.6 
± 1.4 

10.8 ± 
1.0 

NH 92.8 ± 
1.0 

Chloroform 92.2 ± 
2.7 

80.6 
± 2.1 

66.8 
± 1.9 

47.5 
± 1.2 

20.5 ± 
1.3 

10.8 
±1.2 

100.0 
± 0.0 

Petroleum 
ether 

80.8 
±1.8 

60.2 
± 1.4 

30.8 
± 1.4 

NH NH NH 100.0 
± 0.0 

Ethanol  70.8 
±1.6 

52.6 
± 1.2 

14.8 
± 1.0 

NH NH NH 97.8 ± 
1.2 

 Values represent mean ± S.D. of five replications. Eggs in control groups were sprayed with    
 no phytochemicals. NH - No        hatchability (100% mortality) 
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The ovicidal activity indicated an important finding that 
the larvae which hatched out of the treated eggs were 
succumbed to death within an hour or two. In the present 
study, our aim was to determine whether E. pedunculatum 
could be used for mosquito control. We observed a 
functional response of the ovicidal activity exhibited by 
the ethanol extract. In the case of ovicidal activity, 
exposure to the freshly laid eggs was more effective than 
that to the older eggs. Similarly, ovicidal and gravid 
mortality effects of ethanolic extract of Andrographis 
paniculata was assessed by Kuppusamy et al. (2008)  
against An. stephensi. Larvicidal and oviposition activity 
of Cassia obtusifolia leaf extract against An. stephensi 
Liston was also evaluated by Rajkumar and Jebanesan 
(2009). Similarly, the aqueous and hydro-alcoholic 
extracts of Melia azedarach leaves and seeds were tested 
to explore the in vitro ovicidal and larvicidal activity 
against Haemonchus contortus ( Kamaraj et al., 2010) and 
the results were comparable with our results. 
Additionally, through screening several plants for their 
larvicidal activity, Sharma et al (2006) found that 
Artimisia annua was the most toxic against anopheles 
with an LC50 of 16.85 ppm and 11.45 ppm after 24 and 48 
h of exposure, respectively. In addition, the larvicidal 
effects of Momordica charantia fruit on An. stephensi 
(LC50 of 66.05 ppm) were also investigated by Singh et al, 
(2006).  
 

     The biological activity of the plant extract might be 
due to a variety of compounds in  E. pedunculatum  may 
jointly or independently contribute to cause larvicdal and 
ovicidal activity against An. stephensi. The main chemical 
compounds present in the E. pedunculatum might 
responsible for the activities recorded in the present 
experiments. It would have been suggested that the direct 
and indirect contributions of such compounds to treatment 
efficacy while on the use of botanical insecticides for the 
control of An. stephensi. These and other naturally 
occurring insecticides may play a crucial role in vector 
control programs in the near future (Wandscheer et al., 
2004). Since An. stephensi breeds in drinking water tank, 
many of the plant extracts are subject to risk factors in 
mosquito control (Ahmed et al., 2011). The plant extracts 
which are highly toxic against An. stephensi are also toxic 
to human beings. In the present study, E. pedunculatum 
extract showed promising effect on An. stephensi and it 
has no deleterious effects against human beings since it 
has been used in Indian auyurvedhic medicine for several 
ailments.  
 

Acknowledgement 
 

The authors are grateful to The Higher Authorities, 
Annamalai University, Tamilnadu, for the facilities 
provided and encouragement. 
 

References 
 
Aarthi N, Murugan K. Effect of Vetiveria zizanioides L. 

Root extracts on the malarial vector, Anopheles 
stephensi Liston.  Asian Pac J Trop Dise. 2011; 154-
158. 

Abbott WS. A method for computing the effectiveness of 
an insecticide. J Econ Entomol 1925; 18: 265–267. 

Ahmad N, Fazal H, Abbasi BH, Iqbal M. In vitro 
larvicidal potential against Anopheles stephensi and 
antioxidative enzyme activities of Ginkgo biloba, 
Stevia rebaudiana and Parthenium hysterophorous. 
Asian Pac J Trop Med 2011; 4(3): 169-175. 

Alkofahi A, Rupprecht JK, Anderson JE, Mclaughlin JL, 
Mikolajczak  KL, Scott BA. Search for new 
pesticides from higher  plants. In: Arnason JT, 
Philogene BJR, Morand P (Eds) Insecticides of Plant 
Origin. In: ACS Sym. Ser, 387. Am Chem  Soc, 
Washington, DC, 1989, 25–43. 

Dharmshaktu NS, Prabhakaran PK, Menon PK.  
Labortory study on the mosquito larvicidal properties 
of leaf and seed extract of plant Agava americana. J 
Trop Med Hyg 1987; 90:79–82.  

Finney DJ.  Probit analysis. Cambridge University Press, 
London, 1979; 68–72. 

Ghosh GK. Biopesticide and integrated pest management. 
A.P. H. Publishing Corporation, New Delhi, 1991; 
145–146.  

Green MM, Singer JM, Sutherland DJ, Hibbon CR. 
Larvicidal activity of Tagetes minuta (Marigold) 
towards Aedes aegypti. J Am Mosq Control Assoc 
1991; 7: 282–286.  

Kabaru JM, Gichia L. Insecticidal activity of extracts 
derived from different parts of the mangrove tree 
Rhizophora mucronata (Rhizophoraceae) Lam. 
Against three arthropods. African J Sc Tech 2001; 
2(2): 44-49. 

Kamaraj C, Rahuman AA, Bagavan A, Mohamed JM, 
Elango G, Rajakumar G et al. Ovicidal and larvicidal 
activity of crude extracts of Melia azedarach against 
Haemonchus contortus (Strongylida). Parasi Res 
2010; 106: 1071-1077. 

Kuppusamy C, Murugan K. Oviposition deterrent, 
ovicidal and gravid mortality effects of ethanolic 
extract of Andrographis paniculata Nees against the 
malarial vector Anopheles stephensi Liston 
(Diptera:Culicidae). Entomol Res 2008; 38: 119-125. 

Markouk M, Bekkouche K, Larhsini M, Bousaid H, 
Lazrek HB, Jana M. Evaluation of some Moroccan 
medicinal plant extracts for larvicidal activity. J 
Ethnopharmacol 2001, 73:293–297. 

Medhi SM, Reza S, Mahnaz K, Reza Aam, Abbas H, 
Faemeh M et al. Phytochemistry and larvicidal 
activity of Eucalyptus camaldulensis against malaria 
vector, Anopheles stephensi. Asian Pac J Trop Med 
2010; 3(11): 841-845. 

Miura T, Schafer CH, Takahashi RM, Mulligan FS. 
Effects of insect growth inhibitor, dimilin on 
hatching of mosquito eggs. J Econ Ent 1976; 69: 655-
658. 

Prabhu K, Murugan K, Nareshkumar A, 
Ramasubramanlan N, Bragadeeswaran S. Larvicidal 
and repellent potential of Moringa oleifera against 
malarial vector, Anopheles stephensi Liston (Insecta: 
Diptera: Culicidae). Asian Pac J Trop Biomed 2011; 
1(2):124-129. 

Rajasekariah GR, Parab PB, Chandrashekar R, 
Deshpande L, Subrahmanyam D. Pattern of 



International Journal of Recent Scientific Research, Vol.3, Issue, 6, pp. 559 -563, June, 2012 

563 
 

Wuchereria bancrofti micro filaraemia in young and 
adolescent school children in Bassein, India, an 
endemic area for lymphatic filariasis. Ann Trop Med 
Parasitol 1991; 85(6):663–665.  

Rajkumar S, Jebanesan A, Nagarajan R, Effect of leaf 
essential oil of Coccinia indica on egg hatchability 
and different larval instars of malarial mosquito 
Anopheles stephensi . Asian Pac J Trop Med 2011; 
4(12): 948-951. 

Rajkumar S, Jebanesan A. Larvicidal and oviposition 
activity of Cassia obtusifolia Linn (Family: 
Leguminosae) leaf extract against malarial vector, 
Anopheles stephensi Liston (Diptera: Culicidae). 
Parasitol Res 2009; 104: 337-340. 

Sharma P, Mohan L, Srivastava CN. Phytoextract-
induced developmental deformities in malaria vector. 
Bioresour Technol 2006; 97: 1599-1604. 

Singh RK, Dhiman RC, Mittal PK. Mosquito larvicidal 
properties of Momordica charantia Linn (Family: 
Cucurbitacae). J Vector Borne Dis 2006; 43: 88-91. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Su T, Mulla MS.  Ovicidal activity of neem products 
(azadirachtin) against Culex tarsalis and Culex 
quinquefasciatus (Diptera: Culicidae). J Am Mosq 
Control Assoc 1998; 14: 204–209.  

Vogel AI: Text book of practical organic chemistry. The 
English Language Book Society and Longman, 
London, 1978; 13: 68-72. 

Wandscheer CB, Duque JE, da Silva MAN, Fukuyama Y, 
Wohlke JL, Adelmann J Fontana JD. Larvicidal 
action of ethanolic extracts from fruit endocarps of 
Melia azedarach and Azadirachta indica against the 
dengue mosquito Aedes aegypti. Toxicon 2004; 
44:829-835. 

World Health Organization. Malaria. Geneva. 
http://www.whoint/inf-fs/en094.html. Fact Sheet no. 
1999; 94.  

World Health Organization. Guidelines for efficacy 
testing of mosquito repellents for human skins. 
WHO, Geneva, WHO/ TML/NTD/WHOPES/2009.4. 

World Health Organization. Malaria. Factsheet No.94. 
Geneva: WHO: 2010 (online) available from 
http://www.who.int/mediacentre/factsheets/fs094/en/ 
(Accessed on July 2010). 

 

******* 


