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Abstract

Mosquito control, in view of their medical importance, assumes global importance. In the context of ever
increasing trend to use more powerful synthetic insecticides to achieve immediate results in the control of
mosquitoes, an alarming increase of physiological resistance in the vectors and its increased toxicity to
non-target organism are noteworthy. This has led to intensified search for tools that demonstrate eco-
friendliness and target specificity. Phytochemicals are botanicals which are naturally occurring
insecticides obtained from floral resources. In the quest for alternative natural biological control agents
against mosquito larvae, the present paper reports on the larvicidal activity of fractions of Sphaeranthus
indicus ethyl acetate whole plant extract against vector mosquitoes viz., Aedes aegypti, Anopheles
stephensi and Culex quinquefasciatus. Nine fractions viz., A, B, C, D, E, F, G, H and I were obtained
from the residue of ethyl acetate extract by column chromatography. Standard WHO protocols with
minor modifications was adopted for the larvicidal bioassay. Larvicidal activity was evaluated at
concentrations of 25, 50, 75 and 100 ppm. Larval mortality was observed 24 hours after treatment.
Amongst the fractions tested, fraction ‘F’ showed one hundred per cent mortality against third instar
larvae of Aedes aegypti, Anopheles stephensi and Culex quinquefasciatus at 100 ppm and LCso values
were 36.76, 26.85 and 32.60 ppm respectively. In conclusion, the bioassay result of the present study
indicated the larvicidal property against vector mosquitoes of fractions of Sphaeranthus indicus ethyl
acetate whole plant extract, especially for the ‘F’ fractionated group. Future research to extract a pure
compound of the active fractionated group should be explored to find a new highly efficient larvicidal
substance.

Keywords: Sphaeranthus indicus, ethyl acetate fractions, larvicidal activity, Aedes aegypti, Anopheles
stephensi, Culex quinquefasciatus

Introduction
Man could land on Mars but failing to outwit a tiny creature i.e. mosquito over centuries.
Unfortunately, it is possible to say that, presently, in the battle between mosquitoes and man,
the mosquitoes have proven to be the great winners. In the history of the world, more people
would have died from diseases transmitted by mosquitoes than from all the fighting in the
wars. The world’s most dangerous creature is in fact the mosquito. Mosquitoes referred to as
“flying syringes” can transmit more diseases than any other group of arthropods. WHO ™ has
declared the mosquitoes as “public enemy number one”. These tiny assassins have the
potential and lethal capacity to affect and kill millions of people throughout the world 2!,
Several mosquito species belonging to genera Aedes, Anopheles and Culex are vectors for the
pathogens of various diseases like dengue, chikungunya, yellow fever, malaria, filariasis and
Japanese encephalitis ¥, Mosquitoes (Class Insecta: Order Diptera: Family Culicidae),
classified into two subfamilies Anophelinae and Culicinae, are cosmopolitan insects. A
number of members of this very diverse family are considered medically important as vectors
of viruses and parasites associated with diseases that have been emerging as a threat in relation
to global warming and environmental change [,
Mosquito control, in view of their medical importance, assumes global importance. Vector
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control is by far the most successful method for reducing
incidences of mosquito-borne diseases 7). Chemical pesticides
are proved to be effective in mosquito control program. In the
context of ever increasing trend to use more powerful
synthetic insecticides to achieve immediate results in the
control of mosquitoes, an alarming increase of physiological
resistance in the vectors and its increased toxicity to non-
target organism are noteworthy 1. However, high cost of
synthetic pyrethroids, environment and food safety concerns,
unacceptability and toxicity of many organophosphates and
organochlorines, and a global increase in insecticidal
resistance, have argued for stimulated research towards the
development of potential insecticides of botanic origin [ 191,
Thus, the Environmental Protection Act in 1969 has framed a
number of rules and regulations to check the application of
chemical control agents in nature [!!, Many developed and
developing countries are searching environmentally safe
products for vector control program. This has led to
intensified search for tools that demonstrate eco-friendliness
and target specificity and this has been found with plant
extracts otherwise known as botanicals. The use of plant
products is one of the best alternatives for mosquito control
and many plant products have been tried in earlier days before
the discovery of chemical pesticides [*!. Hence, the search for
herbal preparations and pure compounds that do not produce
adverse effects in the non-targeted organisms, along with the
benign environmental characteristics, remain a top priority
research for scientists associated with the development of
alternative vector control measures 112 131,

Many plant species are known to possess biological activity
that is frequently assigned to the secondary metabolites [,
Phytochemicals are naturally occurring insecticides obtained
from floral resources. The active toxic ingredients of the plant
extracts are secondary metabolites endowed to protect them
from herbivores. Some of their functions include the blockage
of calcium channels in the cell membrane, hormonal
imbalance and disruption of molecular events of
morphogenesis. Applications of plant phytochemicals in the
control of mosquitoes have been in use since 1920’s ['5], The
efficacy of phytochemicals against mosquito larvae can vary
significantly depending on plant species, Plant parts used, age
of plant parts (young, mature or senescent) and solvent used
during extraction affect the efficacy of plants used against
vector species. Several researchers reported that plant
phytochemicals provide multiple modes of action on target
organisms such as larvicides, insect growth regulators,
repellents and oviposition attractants or deterrents [16-18],

Many plant natural products have been tested as insecticides
against mosquitoes ['*2!] as they are nontoxic to mammals and
are promising candidates to replace conventional insecticides
(22251 In the majority of these studies, although larvicidal
activity has been described for the extracts and the presence
of a range of compounds sometimes detected, very few have
actually identified the compounds responsible for activity
together with their structure 26, Members of the plant
families Solanaceae, Asteraceae, Cladophoraceae, Labiatae,
Miliaceae, Oocystaceae and Rutaceae have various types of
larval, adulticidal or repellent activities against different
species of mosquitoes [2*l. A brief delve into the literature
reveals many investigations have been made towards the
biological screening of botanical extracts and the activity of
many plant derived components against mosquitoes 23 27-44]
and in the current scenario, several researchers are searching
locally available plant materials in order to find out eco-
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friendly products to manage different mosquito species (-3,
In the quest for alternative natural biological control agents
against mosquito larvae, the present paper reports on the
larvicidal activity of fractions of Sphaeranthus indicus ethyl
acetate whole plant extract against Aedes aegypti, Anopheles
stephensi and Culex quinquefasciatus (Diptera: Culicidae).
Sphaeranthus indicus Linnaeus. (Asteraceae) (Figure 1)
commonly called as mundi in Hindi and Sanskrit and kottai
karantai in Tami [®® is distributed throughout the plains and
wet lands in India, Sri Lanka and Australia - %], The plant is
cultivated all over India for its medicinal values [©),
Traditionally the plant is used for treatment of rheumatic
arthritis "% 7! and several tribal population in Northern India
use the plant to cure diabetes 7>, In folk medicine, the plant is
used for treating epileptic convulsions, mental illness and
hemicranias [, The juice of the plant is styptic and said to be
useful in liver and gastric disorders "4, Further, the plant is
also used in homeopathic medicine for the treatment of
insomnia, epilepsy, tetanus and muscle spasms "> 761 It is
used indigenously in Indian system of traditional medicine to
treat tuberculosis, spleen diseases, anaemia, bronchitis,
elephantiasis, piles, asthma, leucoderma and pain of uterus
and vagina %% 7771 The paste of the plant is used as an
external application for treating oedema, arthritis, filariasis,
gout and cervical adenopathy [”). Besides, the plant is used to
treat jaundice, cough, hepatopathy, gastropathy, hernia,
haemorrhoids, helminthiasis, dyspepsia, skin diseases,
hepatitis, indigestion, dysentery, bowel complaints and also
serves as a nerve tonic 7671,

The plant also possesses antimicrobia
antibacterial and  antifungal ¥,  anthelmintic
neuroprotective 331, hepatoprotective and antioxidant
antiulcer 71, antihyperlipidemic ®¥, wound healing ®, anti-
inflammatory % °!1 antidiabetic ¥, immunomodulatory and
immunosuppression 3, antiallergic %71 analgesic,
antipyretic ¥, antioxidant ! and anticancer P! properties.
Some of the phytochemical constituents present in the plant
are tannins, ocimene, terpinene, citral, geraniol, stigmasterol,
B-sitosterol, sesquiterpene lactone, sesquiterpene glycoside,
flavones, isoflavone glycosides, isoflavonoid, sterol
glycoside, ocimene, geraniol, methylchavicol,
sphaeranthanolide, lactones, camphene, myrcene, limonene,
cubenol, indipone, guaiol, borneol, dihydroagarofuran,
caryophyllene oxide, eugenol, geranyl acetate, peptide
alkaloid and an alkaloid sphaeranthine °7-1931,

Sphaeranthus indicus possess insecticidal property. The
aqueous extract of whole plant was proved toxic to cockroach
Periplaneta  americana, pulse beetle Callosobruchus
chinensis and rice weevil Sitophilus oryzae 'Y, Patole et al.
11051 reported the extracts of this plant to possess ovicidal and
ovipositional activity against Callosobruchus chinensis. The
crude extracts of Sphaeranthus indicus whole plant showed
mortality against Callosobruchus maculatus "%, The crude
hexane, diethyl ether, dichloromethane and ethyl acetate
extracts of Sphaeranthus indicus whole plants were screened
for ovicidal "Y1, oviposition [% and antifeedant [
properties  against  Spodoptera litura. In  addition,
Sphaeranthus indicus also exhibited mosquitocidal activity (47
30,35, 36, 110-116] 'Tp view of the mosquitocidal property reported
by the above mentioned researchers, the present study was
focused to test the fractions of Sphaeranthus indicus ethyl
acetate whole plant extract for larvicidal activity against the
vector mosquitoes viz., Aedes aegypti, Anopheles stephensi
and Culex quinquefasciatus.

1 8% 811 antiviral (8%,
[84]
9

[86]



International Journal of Mosquito Research

2. Materials and Methods

2.1. Plant collection and preparation of crude extract
Sphaeranthus indicus whole plants were collected in and
around Chennai, Tamil Nadu, India (12.9213° N, 80.1220°
E). Taxonomical identity of the plant was confirmed at the
Department of Plant Biology and Biotechnology, Loyola
College, Chennai, Tamil Nadu, India. The whole plants
brought to the laboratory were shade dried under room
temperature and powdered using an electric blender. Dried
and powdered whole plants (1 kg) was subjected to extraction
using 3 L of ethyl acetate for a period of 72 hours to obtain
the crude extracts using rotary vacuum evaporator which was
then refrigerated at 4 °C.

2.2. lIsolation and fractionation of crude extracts by
column chromatography

The residue from the crude extract of Sphaeranthus indicus
(38.642g) was mixed with silica gel (60-120 mesh, 120g) as
admixture, subjected to column chromatography (si gel, 100-
200 mesh 400g) to obtain nine fractions by increasing polarity
of eluents viz., hexane and ethyl acetate in the ratio of 100:0;
90:10; 80:20; 60:40; 40:60; 20:80; 0:100 finally ethyl acetate
and acetone in the ratio of 50:50 and 0:100 respectively.

2.3. Test mosquitoes

Tests were carried against laboratory reared vector
mosquitoes viz., Aedes aegypti, Anopheles stephensi and
Culex quinquefasciatus free of exposure to insecticides.
Cyclic generations of vector mosquitoes were maintained at
25-29 °C and 80-90% relative humidity in the insectarium.
Larvae were fed on larval food (powdered dog biscuit and
yeast in the ratio 3:1) and adult mosquitoes on ten per cent
glucose solution. The eggs laid were then transferred to
enamel larval trays maintained in the larval rearing chamber.
The larvae on becoming pupae were collected, transferred to
plastic bowls and kept inside a two feet (2°x2°x2’) mosquito
cage for adult emergence.

2.4. Larvicidal bioassay

Standard WHO ™7 protocol with minor modifications was
adopted for the study. The tests were conducted in glass
beakers. Mosquito immatures particularly third instar larvae

were obtained from laboratory colonized mosquitoes of F
generation. Larvicidal activity at test concentrations of 25, 50,
75 and 100 ppm were assessed. Twenty five healthy larvae
were released into each 250 ml glass beaker containing the
required test concentration and quantity of test solution.
Larval mortality was observed 24 hours post treatment.
Larvae were considered dead when they showed no signs of
movement when probed on their respiratory siphon with a
needle. A total of five trials with three replicates per trial for
each concentration were carried out. Distilled water as control
was run simultaneously. The larval per cent mortality was
calculated and when control mortality ranged from 5-20% it
was corrected using Abbott’s formula 1181, SPSS 11.5 version
package was used for the determination of LCsy and LCy
values ', The percentage data obtained was angular
transformed. Data from mortality and effect of concentrations
were subjected to ANOVA to determine the difference in
larval mortality between concentrations. Results with P<0.05
level were considered to be statistically significant.

3. Results

Results revealed that nine fractions (A, B, C, D, E, F, G, H
and I) obtained from Sphaeranthus indicus ethyl acetate
whole plant extract when tested against Aedes aegypti,
Anopheles stephensi and Culex quinquefasciatus showed
larvicidal activity. Amongst them, fraction ‘F’ showed one
hundred per cent mortality against the larvae of vector
mosquitoes at 100 ppm. Other fractions showed less than one
hundred per cent mortality. No mortality was observed in
control. The larval mortality observed in fraction ‘F’ at lowest
dose (25 ppm) was 44.8, 55.2 and 46.4% in Aedes aegypti,
Anopheles stephensi and Culex quinquefasciatus respectively
and at highest dose (100 ppm) it was 100.0% against all the
vector mosquitoes (Table 1, 2 and 3; Figure 2, 3 and 4). The
fraction ‘F’ exhibited LCso and LCyy values of 36.76 and
82.51; 26.85 and 84.06; 32.60 and 74.74 ppm after 24 hours
exposure respectively (Table 4). Analysis of variance of larval
mortality in different concentrations was found to be
statistically significant at P<0.05 level in all the fractions.
Amongst the vector mosquito species studied, Anopheles
stephensi was more susceptible followed by Culex
quinquefasciatus and Aedes aegypti.

Table 1: Per cent larvicidal activity of fractions of Sphaeranthus indicus ethyl acetate whole plant extract against Aedes aegypti

Concentration Fractions
(ppm) A B C D E F G H I

24.8+1.78 | 12.8+3.34 | 08.0+2.82 | 23.2+3.34 | 26.4+3.57 | 44.8+1.78 | 36.0+2.82 | 08.8 +1.78 | 10.4+2.19

25 (29.9)° (20.9)2 (16.4) (28.8)° (30.9)° (42.0)¢ (37.2) (17.3) (18.5)
3524593 | 184 +3.57 | 13.6+2.19 | 37.6+4.56 | 44.0+4.0 | 54.4+£2.19 | 50.4 +4.56 | 12.0+2.82 | 14.4+2.19

>0 (36.4)° (25.4)° (21.6) (37.8)% (41.6) (47.5) (45.2)% (20.3) (22.3)
75 48.8 £4.38 | 22.4+4.56 | 14.4 +4.56 | 42.4+2.19 | 55.2+3.34 | 83.2+1.78 | 64.0+2.82 | 15.2+1.78 | 18.4 £3.57

(44.3)d (28.3) (22.3) (40.6)¢ (47.9)¢ (65.8)¢ (53.1)f (22.9) (25.4)®
56.8+5.93 | 33.6+4.56 | 17.6 +4.56 | 52.8 +1.78 | 64.8 +3.34 | 100.0 0.0 | 81.6+2.19 | 20.8 +1.78 | 26.4 +4.56

100 (48.9)¢ (35.4)¢ (24.8) (46.6)¢ (53.6)¢ (90.0)¢ (64.6)" 7.1y (30.9)b¢

Control 0.0+0.0 0.0+0.0 0.0 £0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0 +0.0 0.0+0.0 0.0+0.0

(0.0)° (0.0)° (0.0 (0.0 (0.0)° (0.0 (0.0)® (0.0 (0.0)°

Values are mean (%) of five-replicates of three trials +standard deviation. Figures in parentheses are angular transformed. Different superscript
alphabets in the column indicate statistical significant difference at P<0.05 levels by two way ANOVA followed by Tukey’s test performed.
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Table 2: Per cent larvicidal activity of fractions of Sphaeranthus indicus ethyl acetate whole plant extract against Anopheles stephensi

Concentration Fractions
(ppm) A B C D E F G H |
25 21.6+2.19 11.2+1.78 09.6 +2.19 26.4 £3.57 28.8 +3.34 55.2+3.34 35.2+1.78 08.0£2.82 07.2 £3.34
(27.7)° (19.6)* (18.1) (30.9)" (32.5) (47.9)° (36.4)¢ (16.4) (15.6)*
50 34.4+2.19 17.6 £3.57 12.0 £2.82 36.8 £3.34 44.8 £5.21 63.2 +£3.34 48.0 £2.82 14.4 £3.34 17.6 +4.56
(36.0)° (24.8)* (20.3)® (37.4)° (42.0)° (52.7)¢ (43.9)° (22.3) (24.8)*
75 43.2+1.78 24.0 +2.82 13.6 +3.57 44.8 +3.34 56.8 +£3.34 80.0 +2.82 65.6 +2.19 19.2 +3.34 20.0 +2.82
(41.1)¢° (29.3)° (21.6)* (42.0)° (48.9)¢ (63.4)f (54.1)¢° (25.9) (26.6)°
100 52.8 +3.34 30.4 £2.1 16.0 +2.82 53.6+2.19 66.4 +3.57 100.0 £0.0 84.0 +2.82 23.2+3.34 25.6 +5.36
(46.6)¢ (33.5)¢ (23.6)* (47.1)¢ (54.6)° (0.0)¢ (66.4)" (28.8)° (30.4)"
Control 0.0 £0.0 0.0 £0.0 0.0 £0.0 0.0 +0.0 0.0 £0.0 0.0 £0.0 0.0 £0.0 0.0 +0.0 0.0 £0.0
(0.0)* (0.0)* (0.0)* (0.0)* (0.0 (0.0* (0.0)* (0.0)* (0.0)*

Values are mean (%) of five-replicates of three trials +standard deviation. Figures in parentheses are angular transformed. Different superscript
alphabets in the column indicate statistical significant difference at P<0.05 levels by two way ANOVA followed by Tukey’s test performed.

Table 3: Per cent larvicidal activity of fractions of Sphaeranthus indicus ethyl acetate whole plant extract against Culex quinquefasciatus

Concentration Fractions
(ppm) A B C D E F G H |
25 28.8 +3.34 14.4 +£2.19 11.2+1.78 28.0 +2.82 32.8+1.78 46.4 £2.19 39.2 +£1.78 07.2 +1.78 12.8 +1.78
(32.2) (22.3)° (19.6)® (31.9F (34.9)¢ (42.9)f (38.8)° (15.6) (20.9)°
50 37.6 £3.57 19.2 £3.34 16.8 +£1.78 39.2+3.34 48.0 £2.82 62.4 £3.57 54.4+£2.19 12.8 £1.78 20.8 £1.78
(37.8)° (25.9)° (24.2)® (38.8)° (43.9)¢ (52.2)f (47.5)° (20.9)* (27.1)°
75 51.2+1.78 27.2+3.34 19.2 +3.34 48.0 £2.82 60.8 +1.78 89.6 +£3.57 72.0 +£2.82 18.4 +3.57 25.6 +4.56
(45.7) (31.4) (25.9) (43.9)¢ (51.0)° (71.2)8 (58.1)f (25.4)* (30.4)"
100 55.2 +4.38 38.442.19 21.6 £3.57 58.4 +4.56 69.6 +3.57 100.0 £0.0 92.4+3.34 25.6+2.19 28.8 +4.38
(47.9)¢ (38.3)° (27.7) (49.8)¢ (56.5)° (0.0)¢ (74.0)" (30.4)® (32.5)°
Control 0.0 £0.0 0.0 £0.0 0.0 £0.0 0.0 £0.0 0.0 £0.0 0.0 £0.0 0.0 £0.0 0.0 £0.0 0.0 £0.0
(0.0 (0.0) (0.0* (0.0) (0.0* (0.0) (0.0* (0.0) (0.0*

Values are mean (%) of five-replicates of three trials +standard deviation. Figures in parentheses are angular transformed. Different superscript
alphabets in the column indicate statistical significant difference at P<0.05 levels by two way ANOVA followed by Tukey’s test performed.

Table 4: Probit analysis of larvicidal activity of fractions of Sphaeranthus indicus ethyl acetate whole plant extract against vector mosquitoes

Vector mosquitoes Aedes aegypti Anopheles stephensi Culex quinquefasciatus
Eractions LCso 95% CL LCgo 959% CL LCso 95% CL LCg 95% CL LCso 95% CL LCg 95% CL
(ppm) LL UL (ppm) LL UL (ppm) LL UL (ppm) LL UL (ppm) LL UL (ppm) LL UL
A 82.25 76.87 88.79 | 192.76 | 172.91 | 220.89 | 91.40 85.01 99.72 | 206.94 | 184.09 | 240.01 80.84 74.68 88.80 | 213.87 | 187.29 | 254.25
B 149.71 | 132.27 | 177.77 | 288.59 | 244.47 | 361.12 | 153.57 | 135.35 | 183.53 | 292.70 | 247.24 | 368.09 | 130.75 | 118.29 | 149.31 | 254.05 | 220.71 | 305.21
C 262.66 | 200.79 | 424.56 | 491.43 | 358.97 | 840.46 | 347.63 | 237.62 | 829.49 | 667.32 | 434.19 | 1693.29 | 240.76 | 186.31 | 379.09 | 479.47 | 352.69 | 804.43
D 91.52 84.51 | 100.92 | 219.53 | 192.65 | 259.98 | 89.13 82.01 98.70 | 224.76 | 195.77 | 269.35 79.14 73.43 86.09 | 202.21 | 179.07 | 236.28
E 67.44 63.17 71.92 | 164.63 | 150.40 | 183.89 | 64.19 59.83 68.63 | 162.99 | 148.76 | 182.34 56.70 52.02 61.09 | 156.73 | 143.08 | 175.33
F 36.76 30.76 | 41.66 82.51 76.06 91.23 26.85 16.29 34.25 84.06 75.86 96.14 32.60 27.73 36.65 74.74 69.87 80.91
G 48.78 44.72 5244 | 127.20 | 118.85 | 137.40 | 49.46 | 45.83 52.78 | 120.38 | 113.27 | 129.21 41.72 38.28 44.81 | 101.23 | 96.20 | 107.29
H 216.14 | 176.54 | 297.56 | 396.37 | 310.45 | 574.68 | 181.44 | 155.14 | 228.16 | 331.72 | 272.44 | 43836 | 161.65 | 142.88 | 191.57 | 284.21 | 242.39 | 351.88
| 178.92 | 152.99 | 225.01 | 333.78 | 273.82 | 441.81 | 165.74 | 138.98 | 220.05 | 303.20 | 241.47 | 431.16 | 170.24 | 144.62 | 217.59 | 345.36 | 279.28 | 469.64
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Figure 1: Sphaeranthus indicus
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Figure 2: Larvicidal activity of fractions of Sphaeranthus indicus
ethyl acetate whole plant extract against Aedes aegypti
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Figure 4: Larvicidal activity of fractions of Sphaeranthus indicus
ethyl acetate whole plant extract against Culex quinquefasciatus

4. Discussion

Man suffers extensively due to the nuisance of insect
populations both in agriculture and health. In agriculture,
insects affect directly on growing part of the crop and cause
severe damage, resulting in revenue loss. In health point of
view, insect vectors especially mosquitoes directly transmit
diseases ['?", Human vector-borne diseases account for 17% of
the estimated global burden of all infectious diseases. The
major part and most widely distributed of these diseases are
transmitted by mosquitoes ['?!). Mosquitoes are nuisance and
annoyance insects that transmit various diseases from
organism to human and animal. Prevention and control of
mosquitoes are important to reduce the vector-borne disease
incidence. Many control measures have been applied to reduce
mosquito menace in which larvae are decimated at different
stages to prevent the establishment of mosquito population.
Mosquito larval control commonly referred to as Larval source
management (LSM) is particularly valuable in regions where
the primary mosquito vectors are exophilic and/or bite before
people are in bed, so rendering indoor residual spraying less
effective 1221231, Therefore, LSM involves the management of
aquatic habitats that are potential larval habitats for
mosquitoes, in order to prevent the completion of development
of the immature stages (124,

Synthetic chemicals are proved to be effective, but they cause
adverse effects on the environment and human health %], In
this situation, ecofriendly alternatives are important for safer
control of mosquitoes. One of the most effective alternative
approaches under the biological control programme is to
explore the floral biodiversity and enter the field of using safer
insecticides of botanical origin as a simple and sustainable
method of mosquito control 38, The results of pesticidal and
phytochemical screenings of a number of plants based on
traditional knowledge strongly indicate that plants are
endowed with pesticidal properties that can be harnessed
cheaply for use in agriculture and related fields. The need to
use plant-based products arises from the fact that the synthetic
pesticides are harmful to humans, and the entire ecosystem due
to high toxicity and persistence ['?%1. Natural product literature
provides a growing research on plant derived mosquitocidal
agents 1%, The search for natural and benign environmental
mosquitocides is  ongoing worldwide [12712] The
phytochemicals from plant origin were proved to be effective
due to multiple modes of action [¢!8 Running after
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controlling mosquitoes, many efforts have been paid to obtain
active ingredients from Sphaeranthus indicus. From the
foregoing mosquitocidal property of Sphaeranthus indicus
reported elsewhere particularly larvicidal activity, it was
justifiable to take Sphaeranthus indicus whole plant ethyl
acetate extract to further analysis. Hence, to complement in
this research program, the fractions of ethyl acetate extract of
Sphaeranthus indicus whole plants were further studied for
larvicidal activity against Aedes aegypti, Anopheles stephensi
and Culex quinquefasciatus.

In the present study, the ethyl acetate fractions of
Sphaeranthus indicus whole plants caused significant larval
mortality on vector mosquitoes. Samuel and Arivoli 7 in their
preliminary investigation tested different solvent extracts
(hexane, diethyl ether, dichloromethane and ethyl acetate) of
Sphaeranthus indicus whole plants against Aedes aegypti,
Anopheles stephensi and Culex quinquefasciatus for larvicidal
activity and found the ethyl acetate extract to be active. The
results of the present study strongly corroborates with the
reports of Samuel and Arivoli #7) by confirming the presence
of active principles to be present in the ‘F’ fractionated group
of ethyl acetate extract, indicated by higher toxicity and the
lowest LCso value reported. The findings of the present study
are in line with the high potential of mid-polar solvent viz.,
ethyl acetate that mainly extracts steroids, alkaloids, etc. For
instance, Sun et al. 3% screened ethyl-acetate (polarity index
of 4.4), n-butyl alcohol (polarity index of 3.9) and aqueous
fractions of alcoholic extract of leaves and stems of Vanilla
fragrans against Culex pipiens larvae. Both n-butyl alcohol
and ethyl acetate fractions were active in bioassays, while the
aqueous fraction appeared to contain no substances.

Basheer 3! tested the Ricinus communis hexane, ethyl acetate
and ethanolic leaf extracts for larvicidal activity against
Anopheles arabiensis and found ethyl acetate to be effective.
Seven fractions (F1-F7) were obtained from ethyl acetate
extract and fraction F3 showed the highest effect with a LCso
value of 107 pg/mL on 24 hours of exposure. This fraction
was found to contain: linalool, eugenol in addition to small
quantities of cinoele estragol, limonine and methyl chavicol.
Famuyiwa and Adebajo [ reported that the fractions (A, Bi-
Bs) of Eugenia uniflora methanolic leaf extract when tested for
larvicidal activity against Aedes aegypti, fraction ‘Bs’ was
effective and LCso value was <10 mg/mL after 24 hours of
exposure. Thongwat et al. ['*¥ tested the fractions (E-Gr3 - E-
Gr5) of Pereskia bleo fruit endocarp ethanol extract against
Aedes aegypti and found fraction E-Gr3 to exhibit high
larvicidal activity with LCso value of 707.94 ppm after 24
hours. da Silva et al. '3 stated that Copaifera reticulate oil
resin hexane (CRH; and CRHs) and methanol extract fractions
(CRM; and CRMs) exhibited larvicidal activity against Aedes
aegypti and LCso values were 2.3, 0.8, 13.9 and 10.5 ppm after
24 hours. Samidurai and Mathew [3%] reported the crude
extracts of ethyl acetate latex extract of Euphorbia lactea to
possess larvicidal activity on 24 hours of exposure against
Anopheles stephensi, Culex quinquefasciatus and Aedes
aegypti and LCsy values were 21.01, 25.65 and 49.69
respectively. Further, out of four fractionations (Al, A2, Bl
and B2) obtained from the ethyl acetate latex extract of
Euphorbia lactea, fraction B2 elicited 100% larval mortality
against Culex quinquefasciatus, Aedes aegypti and Anopheles
stephensi while fraction Al and A2 was also reported for
100% larval mortality against Anopheles stephensi and A2 for
Culex quinquefasciatus after 24 hours exposure. Arivoli ef al.
8] reported that the isolated fractions (A-H) of Citrullus

colocynthis dichloromethane whole plant extract when
evaluated for larvicidal activity against the vector mosquitoes
viz., Aedes aegypti, Anopheles stephensi and Culex
quinquefasciatus, the fraction ‘C’ showed 94.4, 96.0 and
98.4% mortality against third instar larvae of Aedes aegypti,
Anopheles stephensi and Culex quinquefasciatus at 100 ppm
and LCs values were 18.57, 23.48 and 19.26 ppm respectively
after 24 hours. Arivoli et al. *°! also reported that the isolated
fractions (A-F) of Murraya koenigii hexane leaf extract when
evaluated for larvicidal activity against the vector mosquitoes
viz., Aedes aegypti, Anopheles stephensi and Culex
quinquefasciatus, the fraction ‘D’ showed 100.0, 99.2 and
97.6% mortality against third instar larvae of Aedes aegypti,
Anopheles stephensi and Culex quinquefasciatus at 100 ppm
and LCso values were 35.06, 42.51 and 27.20 ppm respectively
after 24 hours.

The secondary compounds of plants make up a vast repository
of compounds with a wide range of biological activities. In the
present study, ethyl acetate fractions were toxic to the larvae of
Aedes  aegypti,  Anopheles  stephensi  and  Culex
quinquefasciatus. It is found that botanical derivatives
possessing mosquitocidal properties in general, directly attack
on the nervous system and damage it, primarily affect the mid-
gut epithelium and secondarily affect the gastric caeca and the
malpighian tubules in mosquito larvae [ act as
mitochondrial poison [37], and work by interacting with cuticle
membrane of the larvae ultimately disarranging the membrane
which is the most probable reason for larval death ('3, This
could be due to the presence of alkaloids, flavonoids, steroids,
tannins, terpenes and terpenoids within the fraction and it is
said that several groups of the above mentioned
phytochemicals from different plants have been reported for
their insecticidal activities >3], Plant parts containing alkaloids,
coumarins, flavonoids, quinines, saponins, steroids and
triterpenoids (terpenoids) ['* 140 may be toxic to the immature
mosquitoes. The fraction ‘F’ of Sphaeranthus indicus ethyl
acetate whole plant extract in the present study might certainly
contain one or more phytochemical compounds thereby
confirming that the larvicidal activity might be due to the
presence of phytoconstituents.

Liu et al. "*11 considered alkaloids among the active molecules
against mosquito larvae. Alkaloids are nitrogenous compounds
that show insecticidal properties at low concentration and the
mode of action on insect vectors varies with the structure of
their molecules, but many are reported to affect
acetylcholinestrase (AChE) or sodium channels as inhibition
of acetylcholinesterase activity is responsible for terminating
the nerve impulse transmission through synaptic pathway [,
Alkaloids work by constricting blood vessels and depressing
autonomic nervous system activity thereby contributing to the
insecticide’s effectiveness in killing the larvae of mosquitoes
and disrupting the life cycle of the mosquito '“!. The
flavonoids, poncirin, rhoifolin and naringin isolated from
Poncirus trifoliata, showed larvicidal activity against Aedes
aegypti with LCso values of 0.082—0.122 mg/L after 24 hours
11441 The isoflavonoids, neotenone and neorautanone isolated
from Neorautanenia mitis displayed activity against adult
Anopheles gambiae mosquitoes with LDs values of 0.008 and
0.009 mg/mL, respectively ['4]. The lactones isolated from
Hortonia floribunda, Hortonia angustifolia and Hortonia
ovalifolia, exhibited potent larvicidal activity against the
second instar larvae of Aedes aegypti 1%%). The 3-n-butyl-4,5-
dihydrophthalide isolated from seeds of Apium graveolens
showed 100% mortality at 25 pg/mL [471 and sedanolide
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isolated from seeds of same species exhibited 100% mortality
at 50 pg/mL against fourth instar larvae of Aedes aegypti 1'%,
The dehydrocostus lactone and costunolide identified from
essential oil of Saussurea lappa exhibited strong larvicidal
activity against Aedes albopictus with LCso values of 2.34 and
3.26 pg/mL respectively [, Sesquiterpene lactone, isolated
from a petroleum ether extract of Sphaeranthus indicus was
screened for its effects on the hatching of eggs and
metamorphosis of larvae of Culex quinquefasciatus at
concentration of 50 mg/L. Rates of fecundity and fertility were
found to be affected in the larval treated adult females. Egg
hatching was also significantly lowered. Mortality in the
larvae, pupae and adults produced a marked decrease in
mosquito populations %), The sesquiterpene lactones isolated
from leaves, stem bark, flowers and fruits of Magnolia
salicifolia exhibited significant toxicity against Aedes aegypti
larvae [, The P-selinene isolated from seeds of Apium
graveolens shows 100% mortality against fourth instar larvae
of Aedes aegypti at 50 pg/mL ['47], The pregeijerene, geijerene
and germacrene-D isolated from leaves of Chloroxylon
swietenia, possessed larvicidal activity against Anopheles
gambiae, Culex quinquefasciatus and Aedes aegypti. The
sesquiterpenes, elemol, B -eudesmol, carotol and patchoulol
occurring in plants Amyris balsamifera and Daucus carota
showed >90% larval mortality against Culex pipiens pallens at
0.1 mg/mL [  The guanine type sesquiterpenes, 9-
oxoneoprocurcumenol and neoprocurcumenol isolated from
Curcuma aromatica exhibited significant toxicity on mosquito
larvae of Culex quinquefasciatus 3. A major sesquiterpene
lactone isolated from petroleum ether fraction of Sphaeranthus
indicus flowers showed acetylcholine esterase inhibitory
activity 1331,

According to a research, tannins and alkaloids in Pistia
stratiotes; tannins, alkaloids and steroid glycosides in Typha
latifolia; tannins, saponins and steroid glycosides in Leucas
martinicensi; alkaloids, saponins and tannins in Cynodon
dactylon and saponins and tannins in Nymphaea lotus have
been reported to be responsible for larval toxicity of Anopheles
mosquitoes 34, In addition, triterpenoids and saponins in
chloroform; saponins in hexane; steroids, saponins, tannins
and alkaloids in methanol extracts of Adansonia digitata had
revealed their toxicity against Aedes aegypti and Culex
quinquefasciatus larvae !>, Saponins and alkaloids had been
reported by Mousumi et al. ['%% to be responsible for toxicity
of seed coat of Cassia sophera on all instar larvae of Culex
quinquefasciatus. The compound stigmasterol isolated from
Uvariodendron pycnophyllum and many other plant species,
exhibit larvicidal activity at different levels with LCsy value of
46 ppm in 24 hours ['*71 and B-sitosterol-3-O-B-D-glucoside
isolated from Acanthus montanus resulted in 100% mortality
against adult dedes aegypti at 1.25 pg/mL 1581,

Plant bioactive components may serve as a suitable alternative
to chemical insecticide as they are relatively safe and available
everywhere in the world. The efficacy of botanicals however,
generally depends on the plant part [15%], extract concentration,
age of plant or location found, solvent used and species of
larvae tested [90-1921 The solvent used contribute to the
variation since it has been shown that the extraction of active
biochemical from plants depends upon the polarity of the
solvents used P%. Shaalan et al. 3! reported that screening
involves mosquitocidal bioassay guided fractionation to
identify highly active fractions and compounds isolated from
the crude extract. The crude extract contains a complex
mixture of biocidal active compounds. Hence, crude plant

extracts have played an important role in this aspect. If an
exceptionally low lethal concentration is detected, the extract
may be fractionated in order to locate the particular chemical
constituent causing the lethal effect. The purpose of
fractionation is thus to produce several simple mixtures of
compounds to reduce the number of compounds which may be
identified in further analyses. Fractions isolated from the same
extract always have different larvicidal activity because they
contain different phytochemicals. Once a fraction has proved
to be effective, compounds can be extracted to isolate the
active ingredient. However, some compounds loose efficacy
when separated since many synergistic relations potentially
exists in botanical preparations which may promote killing
activity.

The plant world comprises a rich untapped pool of
phytochemicals that may be widely used in place of synthetic
insecticides in mosquito control programme. Screening of
mosquitocidal potentials by the isolation of natural products
seems to be an attractive approach, which can result in the
efficient elucidation of new lead compounds 7). Kishore et al.
136 reviewed the efficacy of phytochemicals against mosquito
larvae according to their chemical nature and described the
mosquito larvicidal potentiality of several plant derived
secondary metabolites, viz., alkanes, alkenes, alkynes and
simple aromatics, lactones, essential oils and fatty acids,
terpenes, alkaloids, steroids, isoflavonoids, pterocarpans and
lignans. Several studies have documented the efficacy of plant
extracts as the reservoir pool of bioactive toxic agents against
mosquito larvae. Though several compounds of plant origin
have been reported as insecticides and larvicides, there is still a
wide scope for the discovery of more effective plant products
(1631, Tdentification and isolation of bioactive compounds of
plant origin against mosquito menace are imperative for the
management of mosquito-borne diseases. Further, Tehri and
Singh ['%4) stated that the successful results of preliminary
studies on mosquitocidal potential of plant extracts encourage
further effort to investigate the bioactive compounds in those
extracts that might possess good larvicidal properties when
isolated in pure form. In addition, novel drug delivery system
of plant based active substances is the need of the hour. In
conclusion, the bioassay result of the present study indicated
the larvicidal property against vector mosquitoes of isolated
fractions of Sphaeranthus indicus whole plant ethyl acetate
extract, especially the ‘F’ fractionated group. Future research
to extract a pure compound of the active fractionated group
should be explored to find a new highly efficient larvicidal
substance.

5. Acknowledgement

The corresponding author is thankful to the Department of
Science and Technology (DST), Government of India, New
Delhi, India (Grant No. SR/FT/L-96/2005) for the financial
assistance provided.

6. References

1. WHO. The World Health Report, Geneva, 1996.

2. Vatandoost H, Vaziri M. Larvicidal activity of neem
extract (Azadirachta indica) against mosquito larvae in
Iran. Pestology 2001; 25:69-72.

3. Mittal PK. Biolarvicides in vector control: challenges and
prospects. Journal of Vector Borne Diseases. 2003; 40:20-
32.

4. Tolle MA. Mosquito-borne diseases. Current Problems in
Pediatric and Adolescent Health Care 2009; 39:97-140.

~ 24~



International Journal of Mosquito Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Karunamoorthi K, Tsehaye E. Ethnomedicinal knowledge,
belief and self-reported practice of local inhabitants on
traditional antimalarial plants and phytotherapy. Journal
of Ethnopharmacology. 2012; 141:143-150.

Harbach RE. Classification within the cosmopolitan genus
Culex (Diptera: Culicidae): The foundation for molecular
systematics and phylogenetic research. Acta Tropica
2011; 120:1-14.

Aktar W, Sengupta D, Chowdhury A. Impact of pesticides
use in agriculture: their benefits and hazards.
Interdisciplinary Toxicology 2009; 2:1-12.

WHO. Manual on Practical Entomology in Malaria Part 1.
WHO division of malaria and other parasitic diseases,
1975, 160.

Severini C, Rom R, Marinucci M, Rajmond M.
Mechanisms of insecticide resistance in field populations
of Culex pipiens from Italy. Journal of the American
Mosquito Control Association. 1993; 9:164-168.

Maia MF, Moore SJ. Plant-based insect repellents: a
review of their efficacy, development and testing. Malaria
Journal. 2011; 10 (Suppl 1): S11.

Bhatt RP, Khanal SN. Environmental impact assessment
system in Nepal - an overview of policy, legal instruments
and process. Kathmandu University Journal of Science,
Engineering and Technology. 2009; 5:160-170.
Chowdhury N, Ghosh A, Chandra G. Mosquito larvicidal
activities of Solanum villosum berry extract against the
dengue vector Stegomyia aegypti. BMC Complementary
and Alternative Medicine 2008a; 8:10-17.

Chowdhury N, Laskar S, Chandra G. Mosquito larvicidal
and antimicrobial activity of protein of Solanum villosum
leaves. BMC Complementary and Alternative Medicine
2008b; 8:62.

Sah ML, Mishra D, Sah SP, Rana M. Formulation and
evaluation of herbal mosquito repellent preparations.
Indian Drugs 2010; 47:45-50.

Shahi N, Hanati-Bojo A, Iranshahi M, Vatandoost H,
Mansour A. Larvicidal efficacy of latex and extract of
Calotropis procera against Culex quinquefasciatus and
Anopheles stephensi (Diptera: Culicidae). Journal of
Vector Borne Diseases. 2010; 47:185-188.

Bagavan A, Rahuman AA, Kamaraj C, Geetha K.
Larvicidal activity of saponin from Achyranthes aspera
against Aedes aegypti and Culex quinquefasciatus
(Diptera: Culicidae). Parasitology Research 2008;
103:223-2209.

Ghosh A, Chowdhury N, Chandra G. Laboratory
evaluation of a phytosteroid compound of mature leaves
of day Jasmine (Solanaceae: Solanales) against larvae of
Culex quinquefasciatus (Diptera: Culicidae) and nontarget
organisms. Parasitology Research 2008; 103:271-277.
Mathew N, Anitha MG, Bala TS, Sivakumar SM,
Narmadha R, Kalyanasundaram M. Larvicidal activity of
Saraca indica, Nyctanthes arbortristis, and Clitoria
ternatea extracts against three mosquito vector species.
Parasitology Research 2009; 104:1017-1025.

Carvalho AFU. Toxicity of Brazilian plant seed extracts to
two strains of Aedes aegypti (Diptera: Culicidae) and non-
target animals. Journal of Medical Entomology. 2011;
48:846-851.

Miresmailli S, Isman MB. Botanical insecticides inspired
by plant-herbivore chemical interactions. Trends in Plant
Sciences 2014; 19:29-35.

Reegan AD, Gandhi MR, Paulraj MG, Ignacimuthu S.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36

~ g~

Larvicidal activity of medicinal plant extracts against
Culex quinquefasciatus Say and Aedes aegypti mosquitoes
(Diptera: Culicidae). International Journal of Pure and
Applied Zoology. 2014; 2:205-210.

Braga IA, Lima JBP, Soares SS, Vale D. Aedes aegypti
resistance to temephos during 2001 in several
municipalities in the states of Rio de Janeiro, Sergipe and
Alagoas, Brazil. Memorias do Instituto Oswaldo Cruz
2004; 99:199-203.

Shaalan EAS, Canyon D, Younes MWF, Wahab HA,
Mansour AH. A review of botanical phytochemicals with
mosquitocidal potential. Environment International 2005;
31:1149-1166.

Cantrell CL, Dayan FE, Duke SO. Natural products as
sources for new pesticides. Journal of Natural Products.
2012; 75:1231-1242.

Vontas J, Kioulos E, Pavlidi N, Morou E, Torre DA,
Ranson H. Insecticide resistance in the major dengue
vectors Aedes albopictus and Aedes aegypti. Pesticide
Biochemistry and Physiology 2012; 104:126-131.

Navarro DMAF, Silva PCB, Silva MFR, Napoleao TH,
Paiva PMG. Larvicidal activity of plant and algae extracts,
essential oils and isolated chemical constituents against
Aedes aegypti. Natural Products Journal. 2015; 3:268-291.
Sukumar K, Perich MJ, Boobar LR. Botanical derivatives
in mosquito control: A review. Journal of the American
Mosquito Control Association. 1991; 7:210-237.

Mullai K, Jebanesan A, Pushpanathan T. Effect of
bioactive fractions of Citrullus vulgaris Schrad. leaf
extract against Anopheles stephensi and Aedes aegypti.
Parasitology Research 2008; 102:951-955.

Pavela R. Larvicidal effects of various Euro-Asiatic plants
against Culex quinquefasciatus Say larvae (Diptera:
Culicidae). Parasitology Research 2008; 102:555-559.
Sakthivadivel M, Daniel T. Evaluation of certain
insecticidal plants for the control of vector mosquitoes
viz., Culex quinquefasciatus, Anopheles stephensi and
Aedes aegypti. Applied Entomology and Zoology 2008;
43(1):57-63.

Elango G, Rahuman AA, Bagavan A, Kamaraj C, Zahir
AA, Venkatesan P. Laboratory study on larvicidal activity
of indigenous plant extracts against Anopheles subpictus
and Culex tritaeniorhynchus. Parasitology Research 2009;
104:1381-1388.

Elango G, Rahuman AA, Bagwan A, Kamraj C, Zahir
AA, Rajakumar G et al. Efficacy of botanical extracts
against  Japanese  Encephalitis  vector, Culex
tritaeniorhynchus. Parasitology Research. 2010; 106:481-
492,

Pavela R, Vrchotova N, Triska J. Mosquitocidal activities
of thyme oils (Thymus vulgaris L.) against Culex
quinquefasciatus  (Diptera: Culicidae). Parasitology
Research 2009; 105:1365-1370.

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

Karunamoorthi K, Ilango K. Larvicidal activity of
Cymbopogon  citratus (DC.) Stapf. and Croton
macrostachyus Del. against Anopheles arabiensis Patton,
a potent malaria vector. European Review for Medical and
Pharmacological Sciences 2010; 14:57-62.

. Kishore N, Mishra BB, Tiwari VK, Tripathi V. A review



International Journal of Mosquito Research

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

on natural products with mosquitocidal potentials. In:
Opportunity, Challenge and Scope of Natural Products in
Medicinal Chemistry. (Ed.) Tiwari VK. Kerala: Research
Signpost 2011, 335-365.

Kishore N, Mishra BB, Tiwari VK, Tripathi V, Lall N.
Natural products as leads to potential mosquitocides.
Phytochemistry Reviews 2014; 13:587-627.

Ghosh A, Chowdhury N, Chandra G. Plant extracts as
potential larvicides. Indian Journal of Medical Research.
2012; 135:581-598.

Medlock JM, Hansford KM, Schaffner F, Versteirt V,
Hendrickx G, Zeller H et al. A review of the invasive
mosquitoes in Europe: ecology, public health risks, and
control options. Vector Borne and Zoonotic Diseases
2012; 12:435-447.

Patel EK, Gupta A, Oswal RJ. A review on: mosquito
repellent ~ methods. International Journal of
Pharmaceutical, Chemical and Biological Sciences 2012;
2:310-317.

Vargas MV. An update on published literature (period
1992-2010) and botanical categories on plant essential oils
with effects on mosquitoes (Diptera: Culicidae). Boletin
de Malariologia y Salud Ambiental 2012; 2(2):143-193.
Samuel T, William SJ. Potentiality of botanicals in
sustainable control of mosquitoes (Diptera: Culicidae). In:
Achieving Sustainable Development: Our Vision and
Mission, (Ed.) William, S.J. Loyola College, Chennai,
Tamil Nadu, India 2014, 204-227.

Benelli G. Plant-borne ovicides in the fight against
mosquito vectors of medical and veterinary importance: a
systematic review. Parasitology Research 2015; 114:3201-
3212.

Shaalan EAS, Canyon VD. A review on mosquitocidal
activity of botanical seed derivatives. Current Bioactive
Compounds 2015; 11:78-90.

Govindarajan M, Sivakumar R, Rajeswary M. Larvicidal
efficacy of Cassia fistula Linn. leaf extract against Culex
tritaeniorhynchus Giles and Anopheles subpictus Grassi
(Diptera: Culicidae). Asian Pacific Journal of Tropical
Disease. 2011; 1:295-298.

Govindarajan M, Rajeswary M, Arivoli S, Samuel T,
Benelli G. Larvicidal and repellent potential of Zingiber
nimmonii (J. Graham) Dalzell (Zingiberaceae) essential
oil: an eco-friendly tool against malaria, dengue and
lymphatic filariasis mosquito vectors. Parasitology
Research 2016. doi 10.1007/s00436-016-4920-x

Samuel T, Arivoli S. Larvicidal, adult emergence
inhibition and ovicidal activity of Sphaeranthus indicus
Linn. (Asteraceae) whole plant extracts against Aedes
aegypti, Anopheles stephensi and Culex quinquefasciatus
(Diptera: Culicidae). Indian Journal of Environment and
Ecoplanning. 2011; 18(2-3):293-304.

Samuel T, Ravindran KJ, Arivoli S. Screening of plant
extracts for ovicidal activity against  Culex
quinquefasciatus Say (Diptera: Culicidae). Applied
Botany 2011; 40:5456-5460.

Samuel T, Ravindran KJ, Arivoli S. Bioefficacy of
botanical insecticides against the dengue and chikungunya
vector Aedes aegypti (L.) (Diptera: Culicidae). Asian
Pacific Journal of Tropical Biomedicine. 2012a; 2:S1842-
S1844.

Samuel T, Ravindran KJ, Arivoli S. Screening of twenty
five plant extracts for larvicidal activity against Culex
quinquefasciatus Say (Diptera: Culicidae). Asian Pacific

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63

~ 06~

Journal of Tropical Biomedicine. 2012b; 2:S1130-S1134.
Samuel T, Ravindran KJ, Eapen A, William SJ. Effect of
Ageratum houstonianum Mill. (Asteraceae) leaf extracts
on the oviposition activity of Anopheles stephensi, Aedes
aegypti and Culex quinquefasciatus (Diptera: Culicidae).
Parasitology Research 2012c; 111(6):2295-2299.

Samuel T, Ravindran KJ, Eapen A, William SJ. Repellent
activity of Ageratum houstonianum Mill. (Asteraceae) leaf
extracts against Anopheles stephensi, Aedes aegypti and
Culex quinquefasciatus (Diptera: Culicidae). Asian Pacific
Journal of Tropical Disease. 2012d; 2(6):478-480.

Samuel T, Ravindran J, Eapen A, William J. Larvicidal
activity of Ageratum houstonianum Mill. (Asteraceae) leaf
extracts against Anopheles stephensi, Aedes aegypti and
Culex quinquefasciatus (Diptera: Culicidae). Asian Pacific
Journal of Tropical Disease. 2015a; 5(Suppl 1):S73-S76.
Samuel T, Ravindran J, Eapen A, William J. Ovicidal
activity of Ageratum houstonianum Mill. (Asteraceae) leaf
extracts against Anopheles stephensi, Aedes aegypti and
Culex quinquefasciatus (Diptera: Culicidae). Asian Pacific
Journal of Tropical Disease 2015b; 5(3):199-203.

Arivoli S, Ravindran KJ, Samuel T. Larvicidal efficacy of
plant extracts against the malarial vector Anopheles
stephensi Liston (Diptera: Culicidae). World Journal of
Medical Sciences. 2012a; 7(2):77-80.

Arivoli S, Ravindran KJ, Raveen R, Samuel T. Larvicidal
activity of botanicals against the filarial vector Culex
quinquefasciatus Say (Diptera: Culicidae). International
Journal of Research in Zoology. 2012b; 2(1):13-17.
Arivoli S, Raveen R, Samuel T, Sakthivadivel M. Adult
emergence inhibition activity of Cleistanthus collinus
(Roxb.) Euphorbiaceae leaf extracts against Aedes aegypti
(L.), Anopheles  stephensi Liston and Culex
quinquefasciatus Say (Diptera: Culicidae). International
Journal of Mosquito Research. 2015a; 2(1):24-28.

Arivoli S, Raveen R, Samuel T. Larvicidal activity of
Citrullus colocynthis (L.) Schrad (Cucurbitaceae) isolated
fractions against Aedes aegypti (L.), Anopheles stephensi
Liston and Culex quinquefasciatus Say (Diptera:
Culicidae). Indian Journal of Applied Research 2015b;
5(8):97-101.

Arivoli S, Raveen R, Samuel T. Larvicidal activity of
Murraya koenigii (L.) Spreng (Rutaceae) hexane leaf
extract isolated fractions against Aedes aegypti Linnaeus,
Anopheles stephensi Liston and Culex quinquefasciatus
Say (Diptera: Culicidae). Journal of Mosquito Research.
2015¢; 5(18):1-8.

Arjunan N, Murugan K, Madhiyazhagan P, Kovendan K,
Prasannakumar K, Thangamani S et al. Mosquitocidal and
water purification properties of Cynodon dactylon, Aloe
vera, Hemidesmus indicus and Coleus amboinicus leaf
extracts against the mosquito vectors. Parasitology
Research 2012; 110:1435-1443.

Raveen R, Dhayanithi P, Dhinamala K, Arivoli S, Samuel
T. Larvicidal activity of Pedilanthus tithymaloides (L.)
Poit (Euphorbiaceae) leaf against the dengue vector Aedes
aegypti (L.) (Diptera: Culicidae). International Journal of
Environmental Biology 2012; 2(2):36-40.

Raveen R, Kamakshi KT, Deepa M, Arivoli S, Samuel T.
Larvicidal activity of Nerium oleander L. (Apocynaceae)
flower extracts against Culex quinquefasciatus Say
(Diptera: Culicidae). International Journal of Mosquito
Research. 2014; 1(1):36-40.

. Raveen R, Samuel T, Arivoli S, Madhanagopal R.



International Journal of Mosquito Research

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Evaluation of mosquito larvicidal activity of Jasminum
species (Oleaceae) crude extracts against the filarial
vector Culex quinquefasciatus Say (Diptera: Culicidae).
American Journal of Essential Oils and Natural Products.
2015; 2(4):24-28.

Yu J, Liu XY, Yang B, Wang J, Zhang FQ, Feng ZL ef al.
Larvicidal activity of essential extract of Rosmarinus
officinalis against Culex quinquefasciatus. Journal of the
American Mosquito Control Association 2013; 29(1):44-
48.

Girmay K, Fikre B, Asmelash A, Getachew B, Tekle E,
Raja N. Evaluation of water and ethanol extracts of
Schinus  molle Linn. against immature Culex
quinquefasciatus Say (Diptera: Culicidae). Journal of
Coastal Life Medicine. 2014; 2(6):471-477.

Anonymous. The Ayurvedic Pharmacopoeia of India.
Ministry of Health and Family Welfare Department of
AYUSH, Government of India. Part I, New Delhi 2001;
1:142-143.

Sundaram R, Venkataranganna MV, Gopumadhavan S,
Mitra SK. Interaction of a herbomineral preparation D-
400, with oral hypoglycaemic drugs. Journal of
Ethnopharmacology. 1996; 55:55-61.

Gogate VM. Ayurvedic pharmacology and therapeutic
uses of medicinal plants (Dravyaganvigyan). Mumbai:
Bhartiya Vidya Bhavan 2000, 112-114.

Warrier PK, Nambiar VPK, Raman KC. Indian Medicinal
Plants. Orient Longman, Hyderabad, India 2004; 1:180.
Nadkarni AK. Indian Materia Medica, Popular Prakashan
Ltd., Mumbai, India 2000; 1:113.

Yoganarasimhan SN. Medicinal plants of India —
Tamilnadu, Cyber Media, Bangalore, India 2000; 512.
Shirwaikar A, Prabhu KS, Punitha ISR. In vitro
antioxidant studies of Sphaeranthus indicus (Linn). Indian
Journal of Experimental Biology. 2006; 44:993-996.
Kirtikar KR, Basu BD. Indian medicinal plants.
International Book Distributors, Dehradun 1987, 343.
Chadha YR. The Wealth of India. The publications and
information directorate. CSIR, New Delhi 1976, 4-5.
Amarasingam RP, Bisset NG, Millard AK, Woods MC.
Phytochemical survey of Malaya part III. Alkaloids and
Saponins. Journal of Economic Botany. 1964; 18:270-
278.

Ambavade S, Mhetre N, Tate V, Bodhankar S.
Pharmacological evaluation of the extracts of
Sphaeranthus indicus flowers on anxiolytic activity in
mice. Indian Journal of Pharmacology. 2006; 38(4):254-
259.

Kirtikar KR, Basu BD.
Allahabad, India 1935, 1346.
Gupta NS. The Ayurvedic system of medicine. New
Delhi, 1984, 1I.

Paranjape P. Indian medicinal plants. In: Forgotten healer:
a guide to ayurvedic herbal medicine. Delhi: Chaukhamba
Sanskrit Pratisthan 2001, 148-149.

Duraipandiyan V, Kannan P, Ignacimuthu S.
Antimicrobial activity of Sphaeranthus indicus L.
Ethnobotanical Leaflets 2009; 13:422-430.

Zachariah SM, Pappachen LK, Aneesh TP, Alex L,
Sumith G, John MS et al Phytochemical and
pharmacological screening of Sphaeranthus indicus Linn.
For antimicrobial activity. International Journal of
Pharmaceutical Sciences and Research. 2010; 1(10):169-
173.

Indian Medicinal Plants;

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96

~)7~

Vimalanathan S, Ignacimuthu S, Hudson JB. Medicinal
plants of Tamil Nadu (Southern India) are a rich source of
antiviral activities. Pharmaceutical Biology 2009; 47:422-
429,

Meher BR, Mahar B, Rath BG, Sahoo SK. Antimicrobial
activity of ethanolic extracts of leaves of Sphaeranthus
indicus. Der Pharmacia Lettre 2013; 5(1):8-10.

Sharma S, Jalalpure SS, Semwal B, Tandon S, Agarwal N.
Anthelmintic activity of the whole plant of Sphaeranthus
indicus Linn. International Journal of Ayurvedic and
Herbal Medicine. 2011; 1:18-23.

Ambikar DB, Mohanta GP. Neuroprotective effect of
petroleum ether, ethanolic and aqueous extracts of flower
heads of Sphaeranthus indicus on lipofuscinogenesis and
fluorescence product in brain of Dgalactose induced aging
accelerated mice. Oriental Pharmacy and Experimental
Medicine 2013; 13:301-330.

Mathews LA, Dhanyaraj D, Prathibhakumari PV, Prasad
G. Hepatoprotective and antioxidant potential of
Sphaeranthus indicus (Linn.) on liver damage in wistar
rats.  International Journal of Pharmacy and
Pharmaceutical Sciences. 2012; 4(3):222-225.

Malairajan P, Venu, Babu, Saral G, Mahesh A, Gitanjali
S. Antiulcer activities of Sphaeranthus indicus Linn.
International Journal of Drug Development and Research.
2013; 5(1):43-46.

Ramachandran S, Asokkumar K, Maheswari MU, Ravi
TK, Sivashanmugam AT, Saravanan S et al. Investigation
of antidiabetic, antihyperlipidemic and in vivo antioxidant
properties of Sphaeranthus indicus Linn. in type 1
diabetic rats: An identification of possible biomarkers.
Evidence Based Complementary and Alternative
Medicine 2011, 1-8.

Chopda MZ, Patole SS, Mahajan RT. Wound healing
activity of Sphaeranthus indicus (Linn) in albino rats. In:
Bioresources for Rural Livelihood. (Eds) Kulkarni, G.K..,
Pandey BN, Joshi BD. Narendra Publishing House 1 2010,
239-244.

Nanda BK, Jena J, Rath B, Behera B. Anti-inflammatory
activity of whole parts of Sphaeranthus indicus Linn. Der
Pharmacia Lettre 2010; 2(1):181-188.

Chakrabarti D, Suthar A, Jayaraman G, Muthuvelan B,
Sharma S, Padigaru M. NPS31807, a standardized extract
from Sphaeranthus indicus, inhibits inflammatory,
migratory and proliferative activity in keratinocytes and
immune cells. Pharmacology and Pharmacy 2012;
(3)2:178-194.

Kharkar R, Pawar DP, Shamkuwar PB. Anti-diabetic
activity of Sphaeranthus indicus Linn. extracts in alloxan-
induced diabetic rats. International Journal of Pharmacy
and Pharmaceutical Sciences. 2013; 5(2):524-526.

Bafna AR, Mishra SH. Immunomodulatory activity of
methanol extract of flower-heads of Sphaeranthus indicus
Linn. ARS Pharmaceutica 2004; 45(3):281-291.

Nanda BK, Jena J, Rath B, Behera B. Analgesic and
antipyretic activity of whole parts of Sphaeranthus indicus
Linn. Journal of Chemical and Pharmaceutical Research.
2009; 1(1):207-212.

Krishna TM, Thota SP, Jadhav M, Kamal KM, Venuganti
A, Mrunalini D et al. Studies on in vitro antioxidant and
antibacterial activities of Sphaeranthus indicus (Linn.).
International Journal of Pharmacy Research and
Biomedical Analysis. 2013; 2(1):1-9.

. Nahata A, Saxena A, Suri N, Saxena AK, Dixit VK.



International Journal of Mosquito Research

Sphaeranthus  indicus  induces apoptosis  through
mitochondrial dependent pathway in HL-60 cells and
exerts cytotoxic potential on several human cancer cell
lines. Integrative Cancer Therapies 2013; 12(3):236-247.

97. Basu NK, Lamsal PP. Chemical investigation of
Sphaeranthus indicus Linn. Journal of the American
Pharmacists Association 1946; 35:274-275.

98. Gupta RK, Chandra S, Mahadevan V. Chemical
composition of Sphaeranthus indicus Linn. Indian Journal
of Pharmacy. 1969; 29:47-48.

99. Gogate MG, Ananthasubramanian L, Nargund KS,
Bhattacharyya SC. Some interesting sesquiterpinoids from
Sphaeranthus indicus Linn. (Compositae). Indian Journal
of Chemistry 1986; 25:233-238.

100.Singh SK, Tripathi VJ, Sing RH. p-D-Glucoside of 24(s)
24-ethylcholesta-5,22-dien-3-$-0l  from  Sphaeranthus
indicus L. Indian Drugs 1988; 26:317-318.

101.Shekhani MS, Shah PM, Yasmin A, Siddiqui R, Perveen
S, Khan KM. An immunostimulant sesquiterpene
glycoside from Sphaeranthus indicus. Phytochemistry
1990; 29:2573-2576.

102.Chughtai M1, Khokhar I, Ahmad A. Isolation, purification
and structural determination of alkaloids from the flowers
of Sphaeranthus indicus. Science International 1992;
4:151-154.

103.Mishra BB, Yadav SB, Singh RK, Tripathi V. A novel
flavonoid C-glycoside from Sphaeranthus indicus L.
(Family Compositae). Molecules 2007; 12:2288-2291.

104.Patole SS, Mahajan RT. Acute toxicity of some
indigenous plants against pulse beetle, Callosobruchus
chinensis Linn. (Coleoptera: Bruchidae). Indian Journal of
Environment and Ecoplanning 2008; 15(1-2):265-268.

105.Patole SS, Mahajan RT. Ovicidal and ovipositional
repellency activity of extract of neem and gorakhmundi
against pulse Dbeetle, Callosobruchus  chinensis
(Coleoptera: Bruchidae) Linn. Research Link 2009;
8(3):10-13.

106.Singh P, Shrivastava R. Insecticidal activity of acetone

crude extract of Sphaeranthus indicus against
Callosobruchus maculatus. International Journal of
Pharmaceutical Research and Development. 2012;

3(11):126-128.

107.Arivoli S, Samuel T. Ovicidal activity of plant extracts
against Spodoptera litura (Fab.) (Lepidoptera: Noctuidae).
Bulletin of Environment, Pharmacology and Life Sciences
2013a; 2(10): 123-128.

108.Arivoli S, Samuel T. Screening of plant extracts for
oviposition activity against Spodoptera litura (Fab.)
(Lepidoptera: Noctuidae). International Journal of Fauna
and Biological Studies. 2013b; 1(1):20-25.

109.Arivoli S, Samuel T. Antifeedant activity, developmental
indices and morphogenetic variations of plant extracts
against Spodoptera litura (Fab) (Lepidoptera: Noctuidae).
Journal of Entomology and Zoology Studies. 2013c;
1(4):87-96.

110.Sharma MC. Ovicidal and growth disrupting activity of
Sphaeranthus indicus extract against filarial vector.
International Pest Control 1996; 38:160-161.

111.Sharma M, Saxena RC. Sphaeranthus indicus as a
mosquito larvicide. Journal of Applied Zoology Research.
1996; 7(1):87-88.

112.Hameed SV, Shah DS. Effect of aqueous extract of
Sphaeranthus indicus against Culex fatigans Weid.
(Diptera: Culicidae). Journal of Experimental Zoology

India. 2003; 6(2):279-284.

113.Patole SS, Mahajan RT. Evaluation of some indigenous
plants of Khandesh region as mosquito larvicides.
Himalayan Journal of Environment and Zoology. 2007,
21(2):257-264.

114.Kovendan K, Arivoli S, Maheshwaran R, Baskar K,
Vincent S. Larvicidal efficacy of Sphaeranthus indicus,
Cleistanthus collinus and Murraya koenigii leaf extracts
against filarial vector, Culex quinquefasciatus Say
(Diptera: Culicidae). Parasitology Research 2012;
111(3):1025-1035.

115.Saxena A, Saxena G, Arnold R, Anand P, Tiwari S.
Evaluation of larvicidal potential of flavonoid extracted
from Sphaeranthus indicus Linn (Asteraceae) for
controlling mosquito Culex quinquefasciatus (Culicidae)
Diptera. International Journal of Pharmacy and Life
Sciences. 2013; 4(11):3109-3115.

116.Vidhya PT, Mathew N. Bioassay guided fractionation of
Sphaeranthus indicus extract against mosquito vectors.
International Journal of Pharmaceutical Sciences and
Research. 2014; 5(9):3965-3971.

117.WHO. Guidelines for laboratory and field testing of
mosquito larvicides, Geneva, 2005.

118.Abbott WS. A method of computing the effectiveness of
an insecticide. Journal of Economic Entomology 1925;
18:265-267.

119.SPSS. SPSS for windows, Version 11.5. SPSS, Chicago,
Ilinois, USA, 2007.

120.WHO. Malaria fact sheets No. 94, WHO Report, Geneva,
WHO media centre 2010.

121.WHO. A global brief on vector-borne diseases [Document
number: WHO/DCO/WHD/2014.1]. Geneva, Switzerland.
2014.

122.Walker K, Lynch M. Contributions of Anopheles larval
control to malaria suppression in tropical Africa: review
of achievements and potential. Medical and Veterinary
Entomology 2007; 21:2-21.

123.WHO. Larval Source Management Operational Manual. A
supplementary measure for malaria vector control. Vector
Control Unit Global Malaria Programme Geneva, 2013.

124.Reddy MR, Overgaard HJ, Abaga S, Reddy VP, Caccone
A, Kiszewski A et al. Outdoor host seeking behaviour of
Anopheles gambiae mosquitoes following initiation of
malaria vector control on Bioko Island, Equatorial
Guinea. Malaria Journal 2011; 10:184.

125.Becker N, Petri¢ D, Zgomba M, Boase C, Dahl C, Lane J
et al. Mosquitoes and their control. New York: Kluwer
Academic/Plenum Publishers, 2003, 498.

126.0kwute SK. Plants as potential sources of pesticidal
agents: A review. In: Pesticides-Advances in Chemical
and Botanical Pesticides 2012, 207-232.

127.Balandrin MF, Klocke JA, Wurtele ES, Bollinger WH.
Natural plant chemicals: sources of industrial and
medicinal materials. Science 1985; 228:1154-1160.

128.Ghosh A, Chandra G. Biocontrol efficacy of Cestrum
diurnum (L.) (Solanels: Solanaceae) against the larval
forms of Anopheles stephensi. Natural Products Research.
2006; 20:371-379.

129.Kuo PM, Chu FH, Chang ST, Hsiao WF, Wang SY.
Insecticidal activity of essential oil from Chamaecyparis
formosensis Matsum. Hlzforschung 2007; 61:595-599.

130.Sun R, Sacalis JN, Chin C, Still CC. Bioactive aromatic
compounds from leaves and stems of Vanilla fragrans.
Journal of Agricultural and Food Chemistry 2001,

~)g8~



International Journal of Mosquito Research

49:5161-5164.

131.Basheer AGM. Ricinus communis (castor) as larvicide on
Anopheles arabiensis Patton. International Journal of
Advances in Pharmacy, Biology and Chemistry 2014;
3(2):319-328.

132.Famuyiwa FG, Adebajo AC. Larvicidal properties of
Eugenia uniflora leaves. Agriculture and Biology Journal
of North America 2012; 3(10):400-405.

133.Thongwat D, Ganranoo L, Chokchaisiri R. Larvicidal
activity of Pereskia bleo (Kunth) DC. (Cactaceae) fruit
endocarp crude and fractionated extracts against Aedes
aegypti (L.) (Diptera: Culicidae). Southeast Asian Journal
of Tropical Medicine and Public Health. 2014
45(6):1292-1300.

134.da Silva HHG, Geris R, Filho ER, Rocha C, da Silva IG.
Larvicidal activity of oil-resin fractions from the Brazilian
medicinal ~ plant  Copaifera  reticulata  Ducke
(Leguminosae-Caesalpinoideae) against Aedes aegypti
(Diptera: Culicidae). Revista da Sociedade Brasileira de
Medicina Tropical 2007; 40(3):264-267.

135.Samidurai K, Mathew N. Bioassay guided fractionation
and GC-MS analysis of Euphorbia lactea extract for
mosquito larvicidal activity. International Journal of
Pharmacy and Pharmaceutical Sciences. 2014; 6(4):344-
347.

136.Rey D, Pautou MP, Meyran JC. Histopathological effects
of tannic acid on the midgut epithelium of some aquatic
Diptera larvae. Journal of Invertebrate Pathology. 1999;
73:173-181.

137.Mann RS, Kaufman PE. Natural product pesticides: their
development, delivery and use against insect vectors.
Mini-Reviews in Organic Chemistry 2012; 9:185-202.

138.Hostettmann K, Marston A. Saponins (Chemistry and
Pharmacology of Natural Products). University Press,
Cambridge, 1995, 132.

139.Scherer R, Wagner R, Meireles MAA, Godoy HT, Duarte
MCT, Filho JT. Biological activity and chemical
composition of hydrodistilled and supercritical extracts of
Xanthium strumarium L. leaves. Journal of Essential Oil
Research. 2010; 22(5):424-429.

140.Farooq U, Waseem B, Muzaffar R, Tripathi J, Tharani M,
Sharma M. A comparative study of phytochemical
investigation of Xanthium strumarium medicinal plant.
International Journal of Research in Pharmacy and
Chemistry. 2014; 4(1):96-100.

141.Liu ZL, Liu QZ, du SS, Deng ZW. Mosquito larvicidal
activity of alkaloids and limonoids derived from Evodia
rutaecarpa unripe fruits against Aedes albopictus
(Diptera: Culicidae). Parasitology Research 2012a;
111(3):991-996.

142.Rattan SR. Mechanism of action of insecticidal secondary
metabolites of plant origin. Crop Protection 2010; 29:913-
920.

143.Simon-Oke LA, Afolabi OJ, Ajayi OT. Larvicidal activity
of a perennial herb, Solanum xanthocarpum against the
larvae of culicine species. Futa Journal of Research in
Sciences. 2015; 1:152-156.

144.Rajkumar S, Jebanesan A. Bioactivity of flavonoid
compounds from Poncirus trifoliata L. (Family:
Rutaceae) against the dengue vector, Adedes aegypti L.
(Diptera: Culicidae). Parasitology Research. 2008;
104:19-25.

145.Puyvelde VL, Dekimpe N, Mudaharanwa JP, Gasiga A,
Schamp N, Declerq JP et al. Isolation and structural

elucidation of potentially insecticidal and acaricidal
isoflavone-type compounds from Neorautanenia mitis.
Journal of Natural Products. 1987; 50:349-356.

146.Ratnayake R, Karunaratne V, Bandara BMR, Kumar V,
MacLeod JK, Simmonds P. Two new lactones with
mosquito larvicidal activity from three Hortonia species.
Journal of Natural Products. 2001; 64:376-378.

147.Momin RA, Ramsewak RS, Nair MG. Bioactive
compounds and 1,3-Di[(cis)-9-octadecenoyl]-2-[(cis, cis)-
9,12-octadecadienoyl]glycerol from Apium graveolens L.
seeds. Journal of Agricultural and Food Chemistry 2000;
48:3785-3788.

148.Momin RA, Nair MG. Mosquitocidal, nematicidal, and
antifungal compounds from Apium graveolens L. seeds.
Journal of Agricultural and Food Chemistry. 2001;
49:142-145.

149.Liu ZL, He Q, Chu SS, Wang CF, Du SS, Deng ZW.
Essential oil composition and larvicidal activity of
Saussurea lappa roots against the mosquito Aedes
albopictus (Diptera: Culicidae). Parasitology Research.
2012b; 110:2125-2130.

150.Lee KH, Huang ES, Piandosi C, Pagano J. Cytotoxicity of
sesquiterpene lactones. Cancer Research 1971; 31:1649-
1654.

151.Park HM, Park IK. Larvicidal activity of Amyris
balsamifera, Daucus carota and Pogostemon cablin
essential oils and their components against Culex pipiens
pallens. Journal of Asia-Pacific Entomology. 2012;
15:631-634.

152.Madhua SK, Shaukath AK, Vijayan VA. Efficacy of
bioactive compounds from Curcuma aromatica against
mosquito larvae. Acta Tropica 2010; 113:7-11.

153.Patel MB, Amin D. Sphaeranthus indicus flower derived
constituents  exhibits  synergistic = effect against
acetylcholinesterase and possess potential antiamnestic
activity. Journal of Complementary and Integrative
Medicine. 2012; 9(1):1515-1553.

154.Imam TS, Tajuddeen UM. Qualitative phytochemical
screening and larvicidal potencies of ethanolic extracts of
five selected macrophyte species against Anopheles
mosquitoes (Diptera: Culicidae). Journal of Research in
Environmental Science and Toxicology 2013; 2(6):121-
125.

155.Krishnappa K, Elumalai K, Dhanasekaran S,
Gokulakrishnan J. Larvicidal and repellent properties of
Adansonia digitata against medically important human
malarial vector mosquito Anopheles stephensi (Diptera:
Culicidae). Journal of Vector Borne Diseases. 2012;
49:86-90.

156.Mousumi K, Anjali R, Goutam C. Evaluation of mosquito
larvicidal activities of seed coat extract of Cassia sophera
L. Journal of Mosquito Research. 2013; 3(11):76-81.

157 Kihampa C, Nkunya MHH, Joseph CC, Magesa SM.
Antimosquito phenylpropenoids from the stem and root
barks of Uvariodendron pycnophyllum (Diels). Journal of
Applied Sciences and Environmental Management 2010;
14:29-32.

158.Amin E, Radwan MM, El-Hawary SS, Fathy MM,
Mohammed R, Becnel JJ er al. Potent insecticidal
secondary metabolites from the medicinal plant Acanthus
montanus. Records of Natural Products 2012; 6:301-305.

159.Chapagain B, Wiesman Z. Larvicidal effects of aqueous
extracts of Balanites aegyptiaca (desert date) against the
larvae of Culex pipiens mosquitoes. African Journal of

~ g~



International Journal of Mosquito Research

Biotechnology. 2005; 4:1351-1356.

160.Gupta SP, Prakash A, Rao J. Biopesticidal activity of
certain plant products against rice ear head bug,
Leptocorisa acuta Thunb. Journal of Applied Zoology
Research. 1990; 1:55-58.

161.Babarinde SA, Oyegoke OO, Adekunle AE. Larvicidal
and insecticidal properties of Ricinus communis seed
extracts obtained by different methods against Tribolium
castaneum Herbs (Coleoptera: Tenebrionidae). Archives
of Phytopathology and Plant Protection 2011; 44:451-
459.

162.0laitan AF, Abiodun AT. Comparative toxicity of
botanical and synthetic insecticides against major field
insect pests of cowpea (Vigna unquiculata (L.) Walp).
Journal of Natural Product and Plant Resources. 2011;
1:86-95.

163.Saxena SC, Yadav RS. A preliminary laboratory
evaluation of an extract of leaves of Delonix regia Raf. as
a disruptor of insect growth and development. Tropical
Pest Management 1986; 32:58-59.

164.Tehri K, Singh N. The role of botanicals as green
pesticides in integrated mosquito management — A review.
International Journal of Mosquito Research. 2015;
2(1):18-23.

~ 30~



