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Abstract In mosquito control programs, insecticides of bo-
tanical origin have the potential to eliminate eggs, larvae, and
adults. So, the larvicidal, ovicidal, and oviposition-deterrent
activities of petroleum ether and ethyl acetate extracts of the
leaves of Eugenia jambolana, Solidago canadensis, Euodia
ridleyi, and Spilanthes mauritiana were assayed against the
three vector mosquito species, namely Anopheles stephensi,
Aedes aegypti, and Culex quinquefasciatus. The larval bioas-
say was conducted following the World Health Organization
method. The maximum larval mortality was found with ethyl
acetate extract of S. mauritiana against the larvae of
A. stephensi, A. aegypti, and C. quinquefasciatus with LC50

values of 11.51, 28.1, 14.10 ppm, respectively. The mean
percent hatchability of the ovicidal activity was observed at
48-h post-treatment. The percent hatchability was found to be
inversely proportional to the concentration of the extract and
directly proportional to the number of eggs. The flower head
extract of S. mauritiana gave 100 % mortality followed by
E. ridleyi, S. canadensis, and E. jambolana against the eggs of
the three mosquito vectors. For oviposition-deterrent effect,
out of the five concentrations tested (20, 40, 60, 80, and
100 ppm), the concentration of 100 ppm showed a significant
egg laying-deterrent capacity. The oviposition activity index
value of E. jambolana, E. ridleyi, S. canadensis, and
S. mauri t iana against A. aegypt i , A. stephensi ,
C. quinquefasciatus at 100 ppm were −0.71, −0.71, −0.90,
−0.93, −0.85, −0.91, −1, −1, −0.71, −0.85, −1, and −1, re-
spectively. These results suggest that the leaf/flower extracts
of certain local plants have the potential to be developed as
possible eco-friendly means for the control of mosquitoes.
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Introduction

Insect-borne diseases remain to this day a major source of
illness and death worldwide (Pavela 2009). Mosquitoes alone
transmit such diseases in more than 700 million people annu-
ally worldwide (Aregawi et al. 2008). They are the vectors for
the transmission of malaria, dengue fever, chikungunya, yel-
low fever, lymphatic filariasis, Japanese encephalitis, etc.,
causing millions of deaths every year (Rahuman et al. 2008).
Mosquitoes also cause allergic responses in humans that in-
clude local skin and systemic reactions such as angioedema
(Peng et al. 1999). Malaria, vectored by species of the
Anopheles mosquitoes, remains one of the most prevalent
mosquito-borne diseases in the tropical world with 200–450
million infections and up to 2.7 million deaths annually
(WHO 2010). The disease remains endemic in more than
100 developing tropical countries, and its control is a major
goal for improved worldwide health. Aedes aegypti is another
important vector, transmitting the arbovirus causing dengue
and dengue hemorrhagic fever (DHF) in humans (Rigua-
Perez et al. 1997). Dengue fever has become an important
public health problem as the number of reported cases con-
tinues to increase, especially with more severe forms of the
disease—such as dengue hemorrhagic fever and dengue
shock syndrome or the usual manifestations involving the
central nervous system (Pancharoen et al. 2002). In recent
years, A. aegypti has been responsible for the spread of the
chikungunya virus which affected the south west Indian ocean
islands in 2005, spreading to India and resulted in an outbreak
that has involved >1.5 million patients (Taubitz et al. 2007).
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Culex quinquefasciatus, the vector of lymphatic filariasis, is
widely distributed in tropical countries. Around 120 million
people are infected worldwide, and 44million people have the
common chronic manifestation of bancroftian filariasis
(Bernhard et al. 2003). The pathogen Wuchereria bancrofti is
the most predominant filarial nematode usually characterized
by progressive debilitating swelling at the extremities, scro-
tum, or breast (elephantiasis) in an infected individual (Myung
et al. 1998).

The search for new strategies with natural products to
control destructive insects and vectors of diseases is desirable
due to the prevalence of vector resistance to synthetic insec-
ticides, problem of toxicity, non-biodegradable effects, and
effects on non-target organisms (Jantan et al. 2005). Extracts
from plants may be alternative sources of mosquito control
agents since they constitute rich sources of bioactive com-
pounds that are biodegradable into non-toxic products and
potentially stable (Amer and Melhorn 2006).

Further, phytochemicals are advantageous due to their eco-
safety, target specificity, higher acceptability, and suitability
for rural areas. Some phytochemicals act as toxicant
(insecticide) both against adult as well as larval stages of
mosquitoes, while others interfere with growth or with repro-
duction or produce an olfactory stimulus, thus acting as repel-
lent or attractant (Markouk et al. 2001). In this regard, the
chemicals derived from plants have been projected as
weapons in future mosquito control programs. According to
Jayaraj (1993), more than 1,000 plant species in India are
found to possess insecticidal properties, 384 contain anti-
feedants, 297 contain repellents, and 27 contain attractants
and possess growth inhibitors. For example, Govindarajan
(2009) has reported that the leaf extracts of Cassia fistula
possess larvicidal, ovicidal, and repellent activities against
A. aegypti. In Mysore, Madhu et al. (2009) and Aivazi and
Vijayan (2010) have reported that Curcuma aromatica, Piper
longum, and Ruta graveolens extracts have larvicidal activity
against mosquito vectors.

In the light of the said information, the present study was
carried out to analyze the ovicidal, larvicidal, and oviposition-
deterrent activities in the larvae of three important vectors,
Anopheles stephensi, A. aegypti, and C. quinquefasciatus,
with four local plant species namely Eugenia jambolana,
Solidago canadensis, and Euodia ridleyi, Spilanthes
mauritiana using petroleum ether and ethyl acetate as a
solvents.

E. jambolana commonly known as Jambul belongs to the
family Myrtaceae. The seeds of this plant are used for ulcer
healing and have gastro-protective property (Chaturvedi et al.
2009). The leaves of this plant have been employed for the
inhibition of buffalo pox (Bhanuprakash et al. 2007).
S. canadensis is commonly known as the golden rod and
belongs to the family Asteraceae. This rod has been used
topically for wound healing and for the treatment of

tuberculosis, diabetes, and enlargement of liver (Apati et al.
2003). On the other hand Euodia is purely an ornamental
plant. It is a native of tropical forests and is very much at
home in partially shaded garden areas, where its yellow-green
foliage forms a bright-colored accent. Some contain aromatic
oils that act as coolant for fever, as lotions for the improve-
ment of complexions, and tonics in the treatment of stomach
complaints (Horace et al. 1977). Similarly, Spilanthes species
was found to have many medicinal uses. The whole plant of
Spilanthes acmella can be used in the treatment of dysentery
and rheumatism (Baruah and Leclercq 1993). Likewise, the
flower heads of S. mauritiana can be chewed to relieve
toothache and has haemostatic and analgesic properties (Oli-
ver-Bever 1986). It is also used as a preventive medicine for
scurvy and stimulates digestion (Burkill 1966). However,
there have been no reports on the insecticidal property of these
plants from India.

Materials and methods

Plant materials

The leaves of E. jambolana and S. canadensis were collected
from in and around Mysore, Karnataka. The leaves of
E. ridleyi and the flowers of S. mauritiana were procured
from in and around the Wayanad district, Kerala, India. These
were shade-dried, powdered by using hand mixer grinder, and
subjected to extraction with petroleum ether (60–80 °C) and
ethyl acetate in a Soxhlet apparatus. The solvents from the
plant extracts were removed using a vacuum rotary evaporator
under reduced pressure at 40 °C. The extracts so obtained as
thick viscous paste were completely dried by evaporation at
room temperature and stored in brown bottles at 4 °C, and the
known amount of these were dissolved in a solvent (acetone)
to obtain stock solutions.

Mosquito colony

The egg, larvae, and adult stages of A. stephensi, A. aegypti,
and C. quinquefasciatuswere obtained from the colony main-
tained in the Vector Biology Research Laboratory of the
Zoology Department at Mysore University. They were main-
tained at 27±2 °C, 75–85 % RH with 14:10 L/D photo period
cycle. The pupae were transferred from a tray (41×23×5 cm)
to a cup containing tap water and placed in cages (45×45×
45 cm) where the adult emerged. The adult males were con-
tinuously provided with soaked dried grapes, and the females
were fed on mouse placed in resting cage for blood meal for
which ethical clearance was obtained. After 3 days, ovitrap
was kept in the cages, and the eggs collected were transferred
under the same condition for further experiments.
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Larval bioassay

Larval bioassay was conducted as per WHO standard proce-
dure (WHO 2005) to determine the efficacy of the plant
extracts against the larvae of the three species of mosquitoes.
Test concentrations were prepared by adding 1 ml of known
concentration of phytoextract to 249 ml of dechlorinated tap
water in a 500-ml-capacity beaker. Parallel control tests were
also maintained by adding 1 ml of acetone to 249 ml of
dechlorinated water. Twenty-five early fourth instar larvae of
each species were released into each beaker, and the mortality
was recorded after 24 h. No food was provided either to the
test or control during the experiment. Three replicates were
maintained for both test and control. The moribund and dead
larvae in replicates were combined and expressed as percent-
age mortality at each concentration. The larvae were consid-
ered as dead or moribund, if they were not responsive to a
gentle prodding with a fine needle. If the mortality was ob-
served in the control, it will be corrected using Abbott’s
formula (Abbott 1925) and will be expressed as corrected
mortality. All the bioassays were carried out at room temper-
ature of 27±2 °C and 75–85 % humidity.

Ovicidal assay

The ovicidal activity was assessed by following the method of
Su and Mulla (1998). The egg raft/eggs of the three mosquito
species were collected from the Vector Biology Research Lab.
A minimum of 100 eggs of each mosquito species were taken
in individual ovicidal cups of different concentrations (20, 40,
60, 80, and 100 ppm) of plant extracts. Simultaneously, one
cup was kept with normal water containing acetone that
served as a control. The experiment was repeated three times.
After the treatment, the counted eggs from each concentration
were individually transferred to stored water cups for the
assessment of hatchability. The percent egg mortality was
calculated on the basis of unhatched eggs after 98-h post-
treatment by employing the following calculation (Elango
et al. 2009).

% of egg mortality ¼ Number of hatched larvae

Total number of eggs
� 100:

Mosquito oviposition deterrence test

The effect of E. jambolana, S. canadensis, E. ridleyi, and
S. mauritiana extracts on egg laying capacity of A. aegypti,
A. stephensi, and C. quinquefasciatus was studied by intro-
ducing 20 gravid females and an equal number of males into
the cages (45×45×40 cm) at 27±2 °C and 75–85 % relative
humidity with a photoperiod of 14:10-h light and dark cycles. T
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The cages contained six bowls each with 100 ml of
dechlorinated water mixed with concentrations of 20, 40, 60,
80, and 100 ppm of respective plant extracts, the sixth bowl
being a control containing water mixed with acetone; the
experiment was replicated three times. The number of
eggs/egg rafts was counted after 48 h in the treated and control
cups under a stereomicroscope. The effective repellency for
each concentration was calculated using the following formu-
la, following the method of Rajkumar and Jebasan (2009).

ER% ¼ NC−NT

NC
� 100;

where ER=effective repellency, NC=number of eggs in con-
trol, and NT=number of eggs in treatment. The oviposition
results were expressed as mean number of eggs and oviposi-
tion activity index (OAI) which was calculated using the
following formula:

OAI ¼ N t−N s

N t þ N s
;

where Nt=total number of eggs in the test solution, and Ns=
total number of eggs in the control solution (Kramer and
Mulla 1979). The oviposition active indices of +0.3 and above
are considered as attractants, while those with −0.3 and below
are considered as repellents (Govindarajan et al. 2011). Posi-
tive values indicate that more eggs were deposited in the test
cups than in the control cups and that the test solutions were
attractive. Conversely, negative values indicate that more eggs
were deposited in the control cups than in the test cups. Thus,
the test solutions were considered as deterrents.

Result and discussion

The results of the larvicidal activity of petroleum ether and
ethyl acetate extracts of E. jambolana, S. canadensis,
E. ridleyi, and S. mauritiana against the larvae of the three
vector mosquitoes, i.e., A. aegypti, A. stephensi, and
C. quinquifasciatus are presented in Table 1 and Fig. 1.
Among the four plants tested, the maximum larvicidal activity
was observed in the ethyl acetate extracts of S. mauritiana
against A. stephensi than that of C quinquefasciatus and
A. aegypti with LC50 values of 11.51, 5.103, and 14.10 ppm,
respectively. The chi-square values are significant (P<0.05).

The result of the egg hatchability of the three mosquito
species tested against the two different solvents of different
concentration of E. jambolana, S. canadensis, E. ridleyi, and
S. mauritiana extracts is listed in Table 2 and Fig. 2. The
percent hatchability was found to be inversely proportional to
the concentration of the extracts. Among the four plant ex-
tracts tested for ovicidal activity against A. stephensi,
A. aegypti, and C. quinquefasciatus, the ethyl acetate extracts
of S. mauritiana exerted 100%mortality (zero hatchability) at
100 ppm against all the three mosquito species, followed by
S. canadensis, E. ridleyi, and E. jambolana.

In the oviposition deterrence assay, it was found that the
g r a v i d f ema l e A . s t e ph en s i , A . a eg yp t i , a n d
C. quinquefasciatus preferred to lay eggs in the control cups
rather than in the test cups. Out of the five concentrations of
plant extracts tested, the higher concentration of 100 ppm was
found to influence the egg-laying capacity to a large extent.
The present results indicated that the oviposition deterrence
was concentration dependent as 100 ppm of the plant extracts
exhibited the strongest deterrent effect. From Table 3 and
Fig. 3, it is clear that among the four plant extracts tested,
S. mauritiana extract exhibited a higher repellency with a
value of −0.20 followed by S. canadensis, E. ridleyi, and
E. jambolana with a value of −0.15, −0.01, and −0.01, re-
spectively.A. stephensi showed a significant activity (P<0.05)
followed by C. quinquefasciatus and A. aegypti.

Fig. 1 Larvicidal activity of four
different plant extracts against
Aedes aegypti, Culex
quinquefasciatus, and Anopheles
stephensi
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The widespread use of synthetic organic insecticides dur-
ing the last five decades has resulted in environmental hazards
and development of resistance in the majority of vector spe-
cies. This has necessitated the search and development of
environmentally safe, biodegradable, low-cost, and indige-
nous methods for vector control which can be used with
minimum care by individuals and communities in specific
situations (Mittal and Subbarao 2003). Mosquito-borne dis-
eases are one of the most serious public health problems in
developing countries. It could be controlled by preventing
mosquito bites using repellents, larvicides, and eliminating
the mosquitoes. In this regard, a number of plant extracts have
been reported to have mosquitocidal or repellent activities, but
very few plant products have shown practical utility for mos-
quito control (Sukumar et al. 1991; Kalyanasundaram andDas

1985; Kalyanasundaram and Babu 1982). Our results
showed that the crude petroleum ether and ethyl acetate
extracts of E. jambolana, S. canadensis, E. ridleyi, and
S. mauritiana have significant larvicidal, ovicidal, and
oviposition-deterrent properties (P<0.05) against the three
important vector mosquito species tested. Raghavendra
et al. (2011) in an earlier study have reported the larvi-
cidal activity of E. jambolana leaf extract against
A. aegypti in Mysore. Further, Prathibha et al. (2011) have
reported the larvicidal efficacy of E. ridleyi against
C. quinquefasciatus. Our results are also comparable to
that of Vahitha et al. (2002) who have tested Pavonia
zeylanica and Acacia ferruginea for their larval efficacy
against C. quinquefasciatus. Singh et al. (2003) also ob-
served the larvicidal activity of Ocimum canum oil against

Table 2 Ovicidal activity of four different plant extracts against Aedes aegypti, Culex quinquefasciatus, and Anopheles stephensi

Mosquito species Eugenia jambolana Solidago canadensis Euodia ridleyi Spilanthes mauritiana

Concentration ER% OAI Concentration ER% OAI Concentration ER% OAI Concentration ER% OAI
Aedes aegypti 20 18.8 −0.10 20 26.0 −0.01 20 27.08 −0.15 20 33.68 −0.20

40 15.5 −0.08 40 46.8 −0.09 40 52.08 −0.35 40 62.10 −0.45
60 27.7 −0.16 60 47.3 −0.31 60 84.37 −0.72 60 83.15 −0.71
80 61.0 −0.40 80 62.1 −0.45 80 91.66 −0.84 80 94.17 −0.90
100 83.3 −0.71 100 83.15 −0.71 100 94.79 −0.90 100 96.80 −0.93

Anopheles stephensi 20 8.60 −0.04 20 2.10 −0.01 20 39.58 −0.24 20 45.83 −0.29
40 25.0 −0.14 40 23.07 −0.13 40 66.6 −0.50 40 78.12 −0.64
60 44.5 −0.20 60 43.95 −0.26 60 94.6 −0.84 60 93.5 −0.88
80 68.5 −0.52 80 72.52 −0.56 80 100 −1.00 80 100 −1.0
100 92.3 −0.85 100 95.60 −0.91 100 100 −1.00 100 100 −1.0

Culex quinquefasciatus 20 1.10 −0.005 20 1.08 −0.005 20 35.1 −0.21 20 41.05 −0.25
40 21.1 −0.11 40 17.39 −0.09 40 59.37 −0.42 40 69.4 −0.53
60 40.0 −0.25 60 42.39 −0.26 60 89.3 −0.80 60 91.5 −0.84
80 68.8 −0.52 80 70.69 −0.54 80 98.7 −0.97 80 100 −1.00
100 90.0 −0.81 100 92.39 −0.84 100 100 −1.00 100 100 −1.00

Fig. 2 Ovicidal activity of four
different plant extracts against
Aedes aegypti, Culex
quinquefasciatus, and Anopheles
stephensi
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A. aegypti, C. quinquefasciatus, and A. stephensi.
Pushpalatha and Muthukrishnan (1995) have showed that
methanol leaf extracts of Vitex negundo, Vitex trifolia,
Vitex peduncularis, and Vitex altissima had larvicidal ac-
tivity against C. quinquefasciatus and A. stephensi. The
present results agree with the earlier reports of
Govindarajan (2009) on the leaf extract of C. fistula with
different solvents, viz., methanol, benzene, and acetone
regarding the larvicidal, ovicidal, and repellent activities
against A. aegypti. Govindarajan et al. (2008) have also

observed that the leaf extract of Azadirachta indica with
different solvents, viz., benzene, chloroform, ethyl ace-
tate, and methanol, had larvicidal activity, ovicidal activ-
ity, and oviposition attractancy against A. stephensi.

Oviposition deterrency may be due to the changes induced
in the physiology and behavior of the adult mosquito species
reflected by their egg-laying capacity. Some phytochemicals
act as general toxicants against both adult and larval stages of
mosquitoes, while others interfere with growth and develop-
ment (growth inh ib i to rs ) o r wi th reproduc t ion

Table 3 Oviposition-deterrent activity of Aedes aegypti, Culex quinquefasciatus, and Anopheles stephensi to different plant extracts

Mosquito species Eugenia jambolana Euodia ridleyi Solidago canadensis Spilanthus mauritiana Significance

Concentration % of egg
hachability

Concentration % of egg
hachability

Concentration % of egg
hachability

Concentration % of egg
hachability

– – – – – – – 65
– – – – – – – 42
– – – – – – – 23
– – – – – – – 12
– – – – – – – 05

Aedes aegypti Control 100 Control 100 Control 100 Control 100 –
20 96 20 95 20 72 20 65

40 84 40 70 40 52 40 42

60 61 60 59 60 20 60 23

80 40 80 34 80 12 80 12

100 14 100 12 100 08 100 05

Anopheles*
stephensi

Control 100 Control 100 Control 100 Control 100 0.001
20 92 20 87 20 61 20 56

40 70 40 79 40 39 40 28

60 53 60 61 60 12 60 09

80 31 80 35 80 03 80 01

100 09 100 14 100 00 100 00

Culex*
quinquefasciatus

Control 100 Control 100 Control 100 Control 100 0.001
20 94 20 93 20 65 20 59

40 76 40 71 40 42 40 31

60 59 60 56 60 13 60 11

80 37 80 29 80 03 80 00

100 12 100 10 100 00 100 00

*Significant between A. aegypti, A. stephensi, and C. quinquefasciatus based on the non-overlapping of 95 % fiducial limits (P<0.05)

Fig. 3 Oviposition-deterrent
activity of four different plant
extracts against Aedes aegypti,
Culex quinquefasciatus, and
Anopheles stephensi

Environ Sci Pollut Res (2014) 21:6736–6743 6741



(chemosterilent) or produce olfactory stimuli acting as repel-
lent or attractant. In this regard, Rajkumar and Jebasan (2009)
have reported the oviposition deterrence effects of the extracts
of Cassia obtusifolia with repellency at higher concentration
(400 mg/L). Mehra and Hiradhar (2002) revealed that the
crude acetone extract of Cuscuta hyalina was an effective
oviposition deterrent against C. quinquefasciatus at a concen-
tration of 80 ppm. Further, Coria et al. (2008) reported the
oviposition deterrency ofMelia azadarach leaf extract against
A. aegypti. In the present investigation too, oviposition deter-
rent test indicated that S. mauritiana extract has good repel-
lency followed by S. canadensis, E. ridleyi, and E. jambolana
against three mosquito species. This result also agrees with
that of Govindarajan et al. (2011) who has shown that the
larvicidal and ovicidal activities of crude leaf extracts of
Ervatamia coronaria and Caesalpinia pulcherrima against
A. stephensi, A. aegypti, and C. quinquefasciatus. Our result
also agrees with that of Elango et al. (2009) who showed that
indigenous plant extracts such as Aegle marmelos,
Andrographis lineate, Andrographis paniculata, Cocculus
hirsutus, Eclipta prostrata, and Tagetes erecta have
oviposition-deterrent, ovicidal, and repellent activity against
Anopheles subpictus in Vellore District, Tamil Nadu, India.
Similarly, Tawatsin et al. (2006) too have reported that the
relatively high oviposition-deterrent activity was obtained by
essential oils ofCurcuma longa, Zingiber officinale,V. trifolia,
Melaleuca cajuputi, Manglietia garrettii, and Houttuynia
cordata. Thus, it is obvious that with our vast biodiversity,
many bioactive compounds could be isolated and utilized for
mosquito control.

Conclusion

The results of the present investigation revealed that the
experimental plant extracts were effective in reducing the
various life stages of A. stephensi, A. aegypti, and
C. quinquefasciatus. Thus, the plants S. mauritiana,
E. ridleyi, E. jambolana, and S. canadensis exhibit not only
medicinal property but also larvicidal, ovicidal, and repel-
lent activities against the three important vector mosquitoes
in Mysore, India. Further, analysis to isolate the active
compound for larval control is underway in our laboratory.
More studies are needed to elucidate the ovicidal activity
against a wide range of mosquito species and the active
compound responsible for repellent activity. The flora of
India is rich with aromatic plant diversity and has many
potential for development of natural insecticides for control
of vector and pest species. The present results could encour-
age the search for new active natural compounds from the
Indian flora, offering an alternative to synthetic repellents
and insecticides.
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