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1. Introduction

  The mosquito is a common insect found around the world. 
There are about three thousand five hundred species of 
mosquitoes. Mosquitoes are the major vector of diseases, 
which transmit a number of diseases, such as malaria, 
filariasis, dengue, Japanese encephalitis, etc. causing 
millions of deaths every year[1-3]. Anopheles species are 
the most important species as they are capable vector 
for malaria parasites. Approximately half of the world’s 
population is at risk of malaria, particularly those living in 
lower-income countries. It infects more than five hundred 
million people per year and kills more than one million.  
Culex mosquitoes are painful and persistent biters and 
are responsible for filariasis. These mosquitoes are very 
common in Indian sub-continent. Aedes mosquitoes on the 

other hand are also painful and persistent biters. Ae. aegypti 
is responsible for spreading Dengue and Chikungunya. 
Dengue is prevalent throughout the tropics and subtropics. 
The World Health Organization estimates that around 2.5 
billion people are at risk of dengue[4]. Mosquitoes cause 
substantial mortality and morbidity among people living 
in tropical and sub tropical zones[5,6]. It is arguably one of 
most domestic mosquito vectors, feeding predominantly 
on man, mating and resting indoors and breeding in 
man-made containers in and around human habitations, 
especially in urban environments[7]. Chemical insecticides 
have been/ are being used to control these disease vectors. 
The greatest harm from chemical insecticides is that once 
introduced into the system, they may remain there forever 
or for a very long duration. Thus, they pose a threat to life 
and help insects to develop resistance against them. This 
is the reason that there has always been a need for such an 
insecticide which is more powerful, with lesser side effects 
and degrading after sometime, reducing the change to 
develop resistance against it. These problems have renewed 
interest in exploiting the pest control potential of plants. The 
flora of India has rich aromatic plant diversity with potential 
for development of natural insecticides for the control of 
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Objective: To evaluate the larvicidal, ovicidal and repellent activities of methanol extract of 
Aristolochia bracteata (A. bracteata) against Aedes aegypti (Ae. aegypti), Anopheles stephensi (An. 
stephensi) and Culex quinquefasciatus (Cx. quinquefasciatus). Methods: Larvicidal efficacy of A. 
bracteata was tested at various concentrations against the early third instar larvae of Ae. Aegypti, 
An. Stephensi and Cx. quinquefasciatus. Bioassay test was carried out by WHO 2005; the 24h LC50 
values of the A. bracteata leaf extract was determined by probit analysis. For ovicidal activity, 
slightly modified method of Su and Mulla was performed. Ovicidal activity was determined 
against selected mosquitoes to various concentrations ranging from 50-300 ppm under laboratory 
conditions. The hatch rates were assessed 48 h post treatment. The repellent efficacy was 
determined against selected mosquito species at three concentrations viz., 1.0, 2.0 and 3.0 mg/
cm2 under laboratory conditions. Results: The LC50 and LC90 values of methanol leaf extract of A. 
bracteata against early third instar larvae of Ae. Aegypti, An. stephensi and Cx. Quinquefasciatus 
were 114.89, 120.82, 132.24 and 216.24, 230.31, and 238.22 ppm, respectively. The crude extract of A. 
bracteata exerted 100% egg mortality (zero hatchability) at 240, 300 and 360 ppm for Ae. Aegypti, An. 
stephensi and Cx. Quinquefasciatus. Similarly, a higher concentration of 6.0 mg/cm2 provide 100% 
protection up to 210, 180 and 150 min against Ae. Aegypti, An. stephensi and Cx. Quinquefasciatus. 
Conclusions: The present results suggest that the A. bracteata methanol leaf extracts provided 
an excellent potential for controlling selected medically important vector mosquito. 
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mosquito and other pests. In addition to application as 
general toxicants against mosquitoes, phytochemicals may 
also have potential uses as larvicides, repellents, ovicides 
and oviposition deterrents, and growth and reproduction 
inhibitors[8-11]. 
  A. bracteata (Aristolochiaceae) commonly called as Worm 
killer in English and aadutheendaapaalai in Tamil, wildly 
distributed in Deccan Gujarat, western and southern India, 
Bihar, Sindh, Bundelkhand and Bengal. A. bracteata is used 
in traditional medicine as a gastric stimulant and in the 
treatment of cancer, lung inflammation, dysentery, snake 
bites and insecticidal properties[12-14]. Furthermore, a 
mosquitocidal property of A. bracteata has not yet reported. 
Therefore, 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, ovicidal and repellent efficacy of A. bracteata  
medicinal plant extracts against medically important 
selected vector mosquitoes.

2. Materials and methods

2.1. Plant material 

  Plant sampling was carried out during the growing season 
(March- April) of 2010 from different places of Koothur, 
Sirkali, Nagapattinam districts of the Tamilnadu. Bulk 
samples were air-dried in the shade and after drying 
each sample was ground to a fine powder. At the time of 
collection, two pressed voucher herbarium specimens were 
prepared per species and identified with the help of plant 
taxonomist, Department of Botany, Annamalai University, 
whenever possible, flowering or fruiting specimens were 
collected to facilitate taxonomic identification.

2.2. Extraction method

  The dried leaf (100 g) were powdered mechanically using 
commercial electrical stainless steel blender and extracted 
sequentially with methanol (500 mL, Ranchem), in a Soxhlet 
apparatus separately until exhaustion. The extract was 
concentrated under reduced pressure 22-26 mmHg at 45 曟 
by “Rotavapour” and the residue obtained was stored at 4 曟.

2.3. Mosquito rearing

  The mosquitoes, Ae. aegypti, An. stephensi and Cx. 
quinquefasciatus, were reared in the Department of Zoology, 
Annamalai University. The larvae were fed on dog biscuits 
and yeast power in the 3:1 ratio. Adults were provided with 
10% sucrose solution and one week old chick for blood 
meal. Mosquitoes were held at (28暲2) 曟, 70%-85% relative 
humidity (RH), with a photo period of 14 h light, 10 h dark.

2.4. Larvicidal activity

  The larvicidal activity of plant crude extract was assessed 
by using the standard method as prescribed by WHO[15]. 
From the stock solution, six different test concentrations (viz. 
40, 80, 120, 160, 200 and 240 ppm) were prepared and they 
were tested against the freshly moulted (0 - 6 h) third instar 
larvae of selected mosquitoes. The larvae of test species (25) 
were introduced in 500-mL plastic cups containing 250 mL 

of aqueous medium (249 mL of dechlorinated water + 1mL 
of emulsifier) and the required amount of plant extract was 
added. The larval mortality was observed and recorded after 
24 h of post treatment. For each experiment, five replicates 
were maintained at a time. The LC50 value was calculated by 
using probit analysis[16].

2.5. Ovicidal activity

  The method of Su and Mulla[17] was slightly modified and 
used to test the ovicidal activity. The various concentrations 
as stated in the previous experiments were prepared from 
the stock solution. Before treatment, the eggs of selected 
mosquitoes were counted individually with the help of 
hand lens. Freshly hatched eggs (100) were exposed to each 
concentration of leaf extract until they hatched or died. Eggs 
exposed to DMSO in water served as control. After treatment, 
the eggs from each concentration were individually 
transferred to distilled water cups for hatching assessment 
after counting the eggs under a microscope. Each test was 
replicated five times. The hatchability was assessed 48 h 
post treatment.

2.6. Repellent activity

  The repellent study was following the methods of WHO[18]. 
3-4 days old blood-starved female selected mosquitoes (100) 
were kept in a net cage (45 cm暳45 cm暳40 cm). The volunteer 
had no contact with lotions, perfumes or perfumed soaps 
on the day of the assay.  The arms of the test person were 
cleaned with isopropanol. After air drying the arm only 25 
cm2 of the dorsal side of the skin on each arm was exposed, 
the remaining area being covered by rubber gloves. The 
plant extract was dissolved in isopropanol and this alcohol 
served as control. The A. bracteata leaf extract at 1.5, 3.0 
and 6.0 mg/cm2 concentration was applied. The control and 
treated arms were introduced simultaneously into the cage. 
The numbers of bites were counted over 5 min every 30 min. 
The experiment was conducted five times. It was observed 
that there was no skin irritation from the plant extract. The 
percentage protection was calculated by using the following 
formula.

  % Repellency=[(Ta - Tb)/Ta] 暳100

  Where Ta is the number of mosquitoes in the control group 
and Tb is the number of mosquitoes in the treated group.

2.7. Statistical analysis

  The average larval mortality data were subjected to probit  
analysis for calculating  LC50, LC90 and other statistics at 
95% confidence limits of upper confidence limit and lower 
confidence limit and chi-square value were calculated 
using the SPSS software package 12.0. Results with P<0.05 
were considered to be statically significant.

3. Results

  The toxicity of methanol crude leaf extract of A. bracteata 
was tested against larvae of Ae. Aegypti, An. stephensi and 
Cx. Quinquefasciatus. The data were recorded and statistical 
data ranging LC50, LC90, LCL, UCL and chi-square value 
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were calculated. Results on the larvicidal, ovicidal and 
repellent effects of leaf extract was reported in the present 
study, confirm their potential for control of the mosquito 
populations (Table 1-3). The LC50 and LC90 values of methanol 
leaf extract of A. bracteata against early third instar larvae 
of Ae. Aegypti, An. stephensi and Cx. Quinquefasciatus were 
114.89, 120.82, 132.24 and 216.24, 230.31, and 238.22 ppm, 
respectively. The crude extract of A. bracteata exerted100% 

egg mortality (zero hatchability) at 240, 300 and 360 ppm 
for Ae. Aegypti, An. stephensi and Cx. Quinquefasciatus. 
Similarly, a higher concentration of 6.0 mg/cm2 provide 100% 
protection up to 210, 180 and 150 min against Ae. Aegypti, 
An. stephensi and Cx. Quinquefasciatus. This study showed 
that leaf extract of A. bracteata would be a potent source of 
natural larvicidal, ovicidal and repellent activities against 
selected medically important vector mosquito species. 

Table 1  
Larvicidal activity of crude methanol extract of Aristolochia bracteata against Aedes aegypti, Anopheles stephensi  and Culex quinquefasciatus.

Mosquitoes Concentration 
(ppm) 24 h mortality (%) LC50 (ppm)

95%Confidence Limits (ppm)
LC90 (ppm) 氈2

LCL UCL
Ae. aegypti 40 29.6暲2.6b 114.89 89.22 140.82 216.24 21.341*

80 38.0暲1.8c

120 54.0暲1.4d

160 72.0暲1.5e

200 86.6暲1.2f

240 99.0暲1.6g

Control 0.0暲0.0a

An. stephensi 40 24.0暲1.2b 120.82 94.65 148.28 230.31 19.133*
80 31.3暲1.5c

120 43.8暲1.6d

160 64.3暲1.3e

200 75.0暲1.4f

240 94.0暲1.2g

Control 0.0暲0.0a

Cx. quinquefasciatus 40 18.4暲1.6b 132.24 112.84 159.27 238.22 14.643*
80 28.6暲1.4c

120 41.2暲1.5d

160 58.7暲1.2e

200 71.0暲1.4f

240 92.9暲1.8g

Control 0.0暲0.0a

Each value mean暲 SD represents mean of six values. Values in a column with a different superscript alphabet are *significantly different at P < 
0.05  (MANOVA; LSD -Tukey’s Test). LCL-Lower confidence limit; UCL-Upper confidence limit.

Table 2
Ovicidal activity of Aristolochia bracteata plant extracts against Aedes aegypti, Anopheles stephensi and  Cx. quinquefasciatus.

Mosquitoes Percentage of egg hatch ability, Concentration (ppm)

Control 60 120 180 240 300 360
Ae. aegypti 100.0暲0.0 54.3暲2.2 32.4暲1.8 18.8暲1.2 NH NH NH
An. stephensi 100.0暲0.0 76.8暲1.9 52.8暲1.6 37.7暲1.3 19.8暲1.2 NH NH
Cx. quinquefasciatus 100.0暲0.0 84.3暲1.7 65.4暲1.4 48.6暲1.4 35.8暲1.5 17.7暲1.2 NH

Each value mean暲 SD represents the mean of six values. NH - No hatchability (100% mortality)

Table 3
Repellent activity of crude methanol extract of Aristolochia bracteata against Aedes aegypti, Anopheles stephensi and Cx. quinquefasciatus.
Mosquitoes Concentration

(mg/cm2)
% of repellency, Time post application of repellent(min)

30 60 90 120 150 180 210 240
Ae. aegypti 1.5 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 82.2暲1.4 72.2暲1.5 63.2暲1.4

3.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 88.5暲1.2 68.5暲1.8
6.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 93.3暲1.6

An. stephensi 1.5 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 94.2暲1.6 76.3暲1.2 63.7暲1.3 48.4暲1.7
3.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 91.2暲1.4 75.5暲1.8 62.2暲1.5
6.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 92.7暲1.4 88.2暲1.7

Cx. quinquefasciatus 1.5 100.0暲0.0 100.0暲0.0 100.0暲0.0 91.4暲1.7 83.4暲1.3 68.3暲3.2 52.8暲1.2 38.1暲1.2
3.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 92.1暲1.2 76.1暲1.7 63.7暲1.5 44.4暲1.8
6.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 100.0暲0.0 93.1暲1.5 84.1暲1.8 79.2暲1.4

Each value mean暲 SD represents mean of six values.
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4. Discussion

  In our results showed that, crude extract of A. bracteata 
have significant larvicidal, ovicidal and repellent activities 
against selected medically important vector mosquito 
species. The results are comparable with an earlier report 
by Tripathy et al[19] the LC50 values of Lantana cramera 
(L. cramera) root extract for An. stephensi, Ae. Aegypti and 
Cx. quinquefasciatus were 132.55, 27.82, and 11.68 ppm, 
respectively, whereas those of Anacardium occidentale (A. 
occidentale) leaf extract were 56.81, 912, and 10.79 ppm, 
respectively. Screening of natural products for mosquito 
larvicidal activity against three major mosquito vectors Ae. 
aegypti, Cx. quinquefasciatus, and An. stephensi resulted in 
the identification of three potential plant extracts viz., Saraca 
indica/asoca (S. indica/asoca), Nyctanthes arbor-tristis (N. 
arbor-tristis), and Clitoria ternatea (C. ternatea) for mosquito 
larval control[20]. Kamaraj et al[21] they have been reported 
mosquito control is facing a threat due to the emergence of 
resistance to synthetic insecticides. Insecticides of botanical 
origin may serve as suitable alternative biocontrol techniques 
in the future. The acetone, chloroform, ethyl acetate, hexane, 
methanol and petroleum ether extracts of leaf, flower and 
seed of Cassia auriculata (C.auriculata), Leucas aspera (L. 
aspera), Rhinacanthus nasutus (R. nasutus), Solanum torvum 
(S. torvum) and Vitex negundo (V. negundo) were tested 
against fourth instar larvae of malaria vector, Anopheles 
subpictus (An. subpictus) and Japanese encephalitis vector, 
Culex tritaeniorhynchus (Cx. tritaeniorhynchus). Choochote 
et al[22] worked on the intrinsic toxicity of ethanolic 
extract of the whole plant of Piper longum (P. longum), 
Piper ribesoides (P. ribesoides) and Piper sarmentosum (P. 
sarmentosum) against Ae. aegypti. They reported the activity 
to be comparatively high in P. sarmentosum followed by 
P. ribesoides and P. longum with LD 50 values of 0.14, 0.15 
and 0.26 毺g/mg female adult mosquito. Murugesan and 
Muthusamy[23] reported that bioassays with an ethanolic 
extract of Melia azedarach (M. azedarach) were performed 
on the larval stages of An. stephensi, Cx. quinquefasciatus 
and Ae. aegypti. The root extract of Valeriana jatamansi (V. 
jatamansi) which exhibited adulticidal activity of 90% lethal 
concentration against adult An. stephensi, An. culicifacies, 
Ae. aegypti, An. Albopictus and Cx. quinquefasciatus were 
0.14, 0.16, 0.09, 0.08, and 0.17 and 0.24, 0.34, 0.25, 0.21, and 
0.28 mg/cm2, respectively[24]. Senthilkumar et al[25] have 
also reported that the larvicidal and adulticidal activities 
of ethanolic and water mixture (50:50) of plant extracts 
Eucalyptus globules (E. globules), Cymbopogan citrates (C. 
citrates), Artemisia annua (A. annua), Justicia gendarussa 
(J. gendarussa), Myristica fragrans (M. fragrans), Annona 
squamosa (A. squamosa), and Centella asiatica (C. asiatica) 
were tested against An. stephensi, and the most effective 
between 80% and 100% was observed in all extracts. The 
lethal concentration (LC50) values of Ficus benghalensis (F. 
benghalensis) against early second, third and fourth larvae 
of Cx. quinquefasciatus, Ae. Aegypti and An. Stephensi were 
41.43, 58.21 and 74.32 ppm, 56.54, 70.29 and 80.85 ppm and 
60.44, 76.41 and 89.55 ppm, respectively[26]. Dua et al[27] 
determined LD50 values of the oil were 0.06, 0.05, 0.05, 0.05 
and 0.06 mg/cm2 while LD90 values were 0.10, 0.10, 0.09, 0.09 
and 0.10 mg/cm2 against Ae. aegypti, Cx. quinquefasciatus, 
An. culicifacies, An. fluvialitis and An. stephensi respectively. 
KDT50 of the oil were 20, 18, 15, 12, and 14 min and KDT90 
values were 35, 28 25, 18, 23 min against Ae. aegypti, Cx. 

quinquefasciatus, An. culicifacies, An. fluviatilis and An. 
stephensi, respectively on 0.208 mg/cm2 impregnated paper. 
Hossain et al[28] reported that the mortality rate was higher in 
50 ppm doses of methanolic extracts of Dregea volubilis (D. 
volubilis) and Bombax malabaricum (B. malabaricum) both 
the plants against Cx. quinquefaciatus. The corresponding 
LC50values were 56.97 ppm and 48.85 ppm. Abdalla et al[29] 

have also reported that the A. arabiensis extracts against 
Cx. quinquefasciatus that caused high, moderate and low 
larval mortality in the larvicidal experiment against 3rd 
instar larvae. It was found that, LC50-LC90 values calculated 
were 273.53-783.43, 366.44-1018.59 and 454.99-1224.62 ppm 
for 2nd, 3rd and 4th larval instars, respectively, of An. 
Arabiensis and 187.93-433.51, 218.27-538.27 and 264.85-769.13 
ppm for 2nd, 3rd and 4th larval instars, respectively, of Cx. 
quinquefasciatus. Eliningaya et al[30] have been reported the 
mortality of Cx. quinquefasciatus ranged from 0.5 to 96.75% 
while for A. gambiae it was from 13.75% to 97.91%. The LC50 
and LC95 value in the laboratory was similar for both species 
while in the semi- field they were different for each. Mullai 
and Jebanesan[31,32] who studied that the leaf extract of two 
cucurbitacious plants Citrullus colocynthis (C. colocynthis) 
and Cucurbita maxima (C. maxima) different solvents 
were tested for ovicidal and repellent activities against the 
mosquito Cx. quinquefasciatus. 100% mortality was observed 
at 450 ppm for C. colocynthis and 600 ppm for C. maxima. 
Skin repellent test at 1.0, 2.5 and 5.0 mg/cm2 concentration 
of C. colocynthis gives the complete protection time ranges 
from 107 to 271 min. C. maxima exerted the complete 
protection time of 78 to 215 min. Mullai et al[33] reported that 
the efficacies of the Cucurbitaceous plant Citrullus vulgaris 
(C. vulgaris) against the An. stephensi were tested for 
ovicidal and repellent activities against An. stephensi.  For 
ovicidal activity, 100 per cent mortality was exerted at 250 
ppm with benzene extract and the other extracts exerted 100 
percent mortality at 300 ppm. Skin repellent test at 1.0, 2.5 
and 5.0 mg per cm2 concentration gave the mean complete 
protection time ranged from 119.17 to 387.83 min with the 
four different extracts tested. Samidurai et al[34] studied that 
crude leaf extracts of Pemphis acidula (P. acidula) were 
evaluated for larvicidal, ovicidal and repellent activities 
against Cx. quinquefasciatus and Ae. aegypti. The LC50 values 
of methanol, benzene, acetone were 10.81, 41.07, 53.22 ppm 
and 22.10, 43.99, 57.66 ppm, respectively. Hundred percent 
ovicidal activities were observed at 350 ppm and 450 ppm. 
Skin repellent test at 1.0, 2.5 and 5.0 mg/cm2 concentration 
of P. acidula gave 100% protection up to 2.30, 4.00 and 6.45 
h and 2.45, 4.30 and 7.0 h respectively. The findings of the 
present investigation revealed that the leaf extract of A. 
bracteata possessed remarkable larvicidal, ovicidal and 
repellent activities against medically important selected 
vector mosquitoes.
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