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Aedes aegypti is a widely spread disease vector of great concern throughout the world.
With continuous rise in cases of Zika, dengue and Chikungunya worldwide, control of
Ae. aegypti has become a prime concern. The present study investigated the larvicidal
effects of individual and various combinations of Citrus sinensis hexane peel extract
and a synthetic pyrethroid, alpha-cypermethrin against Ae. aegypti. Larvicidal bioassays
were performed using WHO protocol with minor modifications. The investigated
compounds were found effective individually as well in binary mixtures indicating the
efficient synergism. Hexane extract of Citrus sinensis peels assayed against Aedes
aegypti larvae resulted in LCso of 46.53 ppm after exposure for 24 h, while alpha-
cypermethrin treatment resulted in LCso value of 0.0063 ppm. The binary mixtures of
both the compounds in 1:1, 1:5 and 1:10 ratios also showed significant larvicidal
potential. The 1:1 mixture was found most effective with co-toxicity coefficient and
synergistic factor as 23.456 and 3.865, respectively, for the LCso at 24h. The binary
mixtures showed synergism as well as additive effects in all the ratios tested except
1:5 ratio for LCoeo at 48h which showed inconsequential antagonistic effect. Results
showed decreased synergistic effects with increase in the citrus extract proportion in the
binary mixtures. We suggest that phytoextract/cypermethrin mixtures can be more
operative than insecticide/phytoextract alone, and can be used as a good ecofriendly
approach in vector control programs. Such mixtures could reduce the costs, reduce
insecticide dose, and regulate insecticide resistance as part of integrated vector
management.
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INTRODUCTION

Mosquito-borne diseases are the major cause of concern worldwide, especially
in tropical countries. Different mosquito vectors, Aedes, Culex and Anopheles
transmit a range of disease pathogens causing dengue, Chikungunya, malaria,
filariasis and Zika, etc. Though, different species of mosquitoes are playing havoc
at global level, yet since last decade, outbreak of Aedes-borne diseases has taken a
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huge attention; especially notable increase in the worldwide preponderance of
dengue fever. According to the World Health Organization (WHO); half of the
world’s population inhabit dengue-endemic regions and 50-100 million individuals
may contract dengue infections annually (WHO, 2019). In India, a total of
40,868 dengue incidences and 30,121 suspected cases of Chikungunya were
reported in 2018 (NVBDCP 2018a, b).

The most endorsed strategy to tackle and control mosquito-borne diseases
principally lies on breaking the disease-transmission cycle by mosquito management
below threshold level. Adoption of vector control measures has become the utmost
important global strategy to battle and for better management of mosquito-associated
diseases (Liu, 2015). Consistent human efforts and huge amount of capital resources
have been channelized to reduce the incidence and prevalence of mosquito-transmitted
diseases (Sunday et al., 2016). Various integrated approach-based control measures
programmed towards different mosquito life stages have been devised and practiced
till date; such as, killing of mosquitoes at larval/adult stage, abolition of breeding
places, use of biological control agents, release of genetically modified mosquitoes
in the fields in competition with normal mosquitoes etc.; (Kumar et al., 2017).
Nevertheless, use of chemical insecticides has always been the most favourite
control method due to speedy action and easy application despite of mosquitoes
developing resistance against these, negative impacts on the environment, adversities
on human health and lethality to non-target organisms.

Researchers all over the world are making attempts to enlighten the
insecticide resistance mechanism enabling the formulation of novel insecticide
with enhanced efficacy (Liu, 2015). Previous studies have implicated the role of
multiple resistance mechanism in individual mosquito species due to consistent and
augmented insecticide pressure (Hemingway et al., 2002; Ranson et al., 2002; Li &
Liu, 2014). However, widely accepted phenomena among research community are
metabolic degradation of toxicants and reduced sensitivity of insecticide-target
proteins (Li & Liu, 2014; Yang et al., 2014).

Among various conventional chemicals used, pyrethroids, formulated in 80’s
as synthetic analogues of pyrethrins extracts from the flowers of Chrysanthemum
cinerariaefolium, are still considered the safest, most successful and effective
mosquito control agents. Synthetic pyrethroids have been utilized as Indoor Residual
Sprays (IRS), and manufacture of insecticide-treated mosquito nets (ITNs) and
long-lasting insecticidal nets (LLINS) (Liu et al., 2006; Kumar et al., 2012; Sharma
et al., 2016). To date, several pyrethroids have been investigated against mosquitoes;
among which a-cypermethrin has been reported as an effective larvicide as well as
adulticide against Aedes aegypti, Culex quinquefasciatus and Anopheles gambiae
(Floore et al., 1992; Hougard et al., 2003; Mosha et al., 2008; Pettit et al., 2010).
However, a few reports have evidenced development of resistance to a-cypermethrin
not only in laboratory-bred populations of Ae. aegypti (Geetha & Shetty, 2018) but
also in the field-collected population (Luna et al., 2004; Lima et al., 2011).

One of the most effective alternate approaches in mosquito control programme is
to explore the plant biodiversity and use plant-derived insecticides as the simple
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and sustainable method. According to Ghosh et al. (2012), plant-derived insecticides
comprise botanical blends of compounds which act concertedly on life processes
on mosquitoes, unlike conventional insecticides based on a single active ingredient.
Botanical pesticides are considered environmentally safe, cost-effective, with potential
against target species and low mammalian toxicity. Citrus plants have been known
for their mosquitocidal potential apart from their use as food or food-flavoring
agents. Different parts of the citrus plant; fruits, seeds, roots and leaves; have been
tested for the presence of mosquitocidal components (Traboulsi et al., 2005;
Akram et al., 2010). The ethanolic extract of the orange peel (Citrus sinensis)
has been found effective against Aedes aegypti larvae (Amusan et al., 2005).
The hexane leaf extracts of C. sinensis possessed moderate larvicidal efficiency
against dengue vector with LCso and LCgy value of 446.84 and 1370.96 ppm,
respectively after 24 h of exposure (Warikoo et al., 2012). Earlier, Amer &
Mehlhorn (2006) had reported efficacy of essential oil from C. limon against
Ae. aegypti, Cx. quinquefasciatus and An. stephensi. Citrus peels, though waste, are
rich in nutrients and contain many secondary metabolites. They can be efficiently
used as safe alternate to synthetic chemical against mosquitoes. Kumar et al.
(2012) investigated hexane and petroleum ether extract of C. limetta peels against
Ae. Aegypti, and observed respective LCs values of 96.15 ppm and 145.50 ppm.

The role of phytoproducts for synergistic activity along with synthetic
pyrethroids is well known against different pests (Vastrad et al., 2002) and vectors
(Mohan et al., 2007). Keeping in view the current scenario of a-cypermethrin
resistance in Ae. aegypti and potentially effective use of C. sinensis to control
them; the present study investigates the efficacy of a-cypermethrin and hexane
extract of C. sinensis peels alone and in binary mixtures against dengue vector,
Ae. aegypti L. The efficient synergistic action of the hexane extract of C. sinensis
peels on the larvicidal efficacy of a-cypermethrin may provide useful information
to formulate combinations which are safer than the insecticide alone and more
effective than the peel extract alone.

MATERIAL AND METHODS

CULTURE OF AEDES AEGYPTI

Pure strain of dengue fever mosquitoes, Aedes aegypti, was procured from
ICGEB (International Centre for Genetic Engineering and Biotechnology), New Delhi
and was maintained under controlled conditions of 28+ 1° C, 80 + 5% RH, 14 L/10 D
photoregime (Samal & Kumar, 2018). Adults were fed on sugary juice by providing
them water-soaked raisins, while females were provided with occasional blood
meals for egg maturation. The eggs collected in an ovitrap were transferred into
dechlorinated water. The hatched larvae were given powdered dog biscuits and
yeast (3:1) as food. The pupae, collected regularly, were kept in clothed cages for
adult emergence.
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INSECTICIDE USED IN THE STUDY

Present investigations employed a synthetic pyrethroid, o-cypermethrin
(97.0% purity) which was procured from M/s Aimco Pesticides, Mumbai India
(Fig. 1). A stock of 10 ppm a-cypermethrin was prepared using absolute ethanol as
the solvent and stored at 4°C in the refrigerator for future use. During assays, the
graded series of a-cypermethrin was prepared using ethanol.
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Fig. 1. Alpha-cypermethrin ([(S)-cyano-(3-phenoxyphenyl)methyl]
(1R,3R)-3-(2,2-dichloroethenyl)-2,2-dimethylcyclopropane-1-carboxylate).

COLLECTION OF PLANT MATERIAL

The fruits of C. sinensis collected from the surrounding areas in Delhi, India,
were brought to the laboratory in sterile bags. The peels were separated and
thoroughly washed under tap water followed by rinsing in distilled water to remove
adhered dirt particles. The peels were examined for any kind of disease or
infection. The healthy peels selected were dried under shade at room temperature
(27 + 2°C) for about 20 days ensuring non-occurrence of any fungal or bacterial
growth.

PREPARATION OF CITRUS SINENSIS PEEL EXTRACT

The dried peels were mechanically grinded using a small blender and sieved
to get fine powder. The 15 g of powdered citrus peels was extracted with 200 mL
of hexane for 8 h per day using Soxhlet extractor at a temperature not exceeding
the boiling point of the solvent. The extraction was continued till 3 days and the
extracts obtained were concentrated at 45°C under low pressure using a vacuum
evaporator. The stock solution of 1000 ppm was prepared and stored in a
refrigerator at 4°C (Kumar et al., 2012).

LARVICIDAL BIOASSAY WITH CITRUS SINENSIS PEEL EXTRACT
AND ALPHA-CYPERMETHRIN

The larvicidal bioassay was performed at 28 + 1°C on the Ae. aegypti early
fourth instars described by WHO with minor modifications (WHO, 2016). The
graded series of a-cypermethrin and hexane peel extract of C. sinensis were
prepared using ethanol as the solvent. The batches of 20 early fourth instars of
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Aedes aegypti were exposed to 1 mL of a-cypermethrin or citrus peel extract
(CPE), at a particular concentration, added to 199 mL of distilled water. For each
dilution, three simultaneous replicates were carried out making a total of 60 larvae
for each concentration. Controls were run simultaneously by replacing toxicant
with 1 mL of ethanol. The dead and moribund larvae were recorded after 24 h and
data was subjected to regression analysis.

DATA ANALYSIS

The control assays resulting in higher than 20% larval mortality or 20% pupal
formation were performed again; while the control assays with mortality ranging
between 5% and 20%, were rectified using Abbott’s formula (Abbott, 1925).
The data was subjected to the regression analysis using SPSS 19.0 Programme.
The LCso and LCy values with 95% fiducial limits along with other statistical
parameters, such as standard error and regression coefficient were calculated to
measure difference between the test samples.

BIOASSAYS WITH BINARY MIXTURES OF ALPHA-CYPERMETHRIN
AND CITRUS SINENSIS PEEL EXTRACT

The larvicidal bioassays were conducted with the binary mixtures of
a-cypermethrin and citrus peel extract to formulate the combinations which are
safer than the insecticide alone and more effective than the citrus peel extract
alone. The a-cypermethrin and citrus peel extract were mixed in three different
ratios (v/v) — 1:1, 1:5 and 1:10; and larvicidal assays were conducted as described
above. The mortality counts were made and data was subjected to probit analysis as
described earlier to calculate LCso and LCgo values with 95% fiducial limits along
with other statistical parameters.

The expected mortalities were calculated as described by Trisyono & Whalon
(1999); whereas the co-toxicity coefficient was calculated as per the formula given
by Sun & Johnson (1960).

CTC (co - toxicity Coefficient)
_ Observed % mortality — Expected % mortality <100
Expected % mortality

CTC value > 20 indicate synergism; < (-) 20 indicate antagonism;
intermediate value of < (-) 20 to > 20 indicate additive effect.

The synergistic factor was calculated after subjecting the data to regression
analysis (Kalyanasundaram & Das, 1985).
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LC,, value of insecticide alone
LC;, value of synergised insecticide

Synergistic factor (SF) =

Values of SR > 1 indicate synergism; Value of SR < 1 indicate antagonism.

RESULTS

The present investigations were carried out with an aim to develop a safe and
environmental-friendly strategy by using binary mixtures of a toxicant and waste
fruit peels. The effective and safe combination will not only protect our environment
from hazardous substances but also assist in waste minimization in fruit juice
processing industry by utilizing peel waste of citrus fruits as an agent of mosquito
control. Consequently, hexane extract of C. sinensis peels and a-cypermethrin were
assessed for their larvicidal potential against Ae. aegypti separately and in binary
mixtures of different combinations. The results of the larvicidal potential of
C. sinensis and a-cypermethrin against Ae. aegypti are depicted in Tables 1 and 2.

Table 1

Larvicidal potential of hexane extract of Citrus sinensis peels
against early fourth instars of Aedes aegypti L.

Duration LCso | 95% Fiducial | LCo | 95% Fiducial | 2 (df) SE RC
of exposure | (ppm) limit (ppm) limit

24 h 46.53 40.32-52.97 85.37 | 72.89-109.34 | 4.79(5) 0.54 4.47

48 h 39.57 35.22-43.66 61.92 54.77-74.83 2.23 (5) 0.85 6.49

No mortality was observed in the control, LCso — Lethal Concentration that kills 50% of the exposed
larvae; LCoo — Lethal Concentration that kills 90% of the exposed larvae; S.E. = Standard Error;
¥? = Chi-square; df = degree of freedom; R.C. = Regression Coefficient; Test samples were transformed
into log covariant (logi), p>0.05, level of significance is greater than 0.05, no heterogeneity factor is
used in the calculation of confidence limits, Values are mean of three replicates.

Table 2

Larvicidal potential of a-cypermethrin against early fourth instars of Aedes aegypti L.

Duration LCso | 95% Fiducial | LCo | 95% Fiducial | 2 (df) SE RC
of exposure | (ppm) limit (ppm) limit

24h 0.0063 | 0.0034-0.0089 | 0.0235 |0.0163-0.0472 |5.763 (3) | 0.495 | 2.241
48 h 0.0038 |0.0010-0.0061 | 0.0157 |0.0105-0.0358 | 1.757 (3)| 0.587 | 2.066

No mortality was observed in the control, LCso — Lethal Concentration that kills 50% of the exposed
larvae; LCo — Lethal Concentration that kills 90% of the exposed larvae; S.E. = Standard Error;
¥ = Chi-square; df = degree of freedom; R.C. = Regression Coefficient; Test samples were transformed
into log covariant (logi), p>0.05, level of significance is greater than 0.05, no heterogeneity factor is
used in the calculation of confidence limits, Values are mean of three replicates.
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The results demonstrate the considerable larvicidal efficacy of C. sinensis
peels against early fourth instars of dengue vector resulting in respective LCsp values
of 46.53 and 39.57 ppm after 24 h and 48 h of exposure (Table 1). It was also
observed that the treatments resulted in complete mortality without any pupa or
adult emergence. In comparison, the bioassays with the pyrethroid, a-cypermethrin
against Ae. aegypti resulted in much higher larval toxicity with LCso values of
0.0063 and 0.0038 ppm after 24 and 48 h of exposure, respectively (Table 2).

The larvicidal bioassays conducted with binary mixtures of a-cypermethrin
and hexane extract of C. sinensis leaves against Ae. aegypti larvae are presented in
the Table 3. The addition of equal parts of a-cypermethrin and hexane extract of
C. sinensis leaves increased the larvicidal efficacy of cypermethrin by 3.865-fold
at LCsp after 24 h. On the other hand, when 5 parts of peel extract were combined
with 1 part of insecticide, the efficacy of extract increased by 8931-fold while that
of a-cypermethrin by 1.209 at LCs after 24 h (Fig. 2). Similar pattern, with
1:5 combination, was noticed after 48 h of exposure (Fig. 3). Nevertheless, the
larvicidal potential of the mixture increased with rise in duration of exposure.

Empirical Probit
-~

2 -15 -1
Log concentration

® Alpha Cypermethrin: CPE(1:1) Alpha-cypermethrin: CPE ® Alpha-cypermethrin: CPE
(1:5) (1:10)

Fig. 2. Dosage-mortality regression lines obtained when larvae of Aedes aegypti were exposed
with a-cypermethrin alone, and in binary combination with Citrus sinensis (1:1, 1:5 and 1:10)
for 48 h. *CPE = Citrus sinensis peel extract in hexane.

The binary mixture of citrus peel extract and a-cypermethrin in 1:1 ratio
proved to be the most effective against dengue larvae among all the ratios tested,
it possessed 3.196-fold higher efficacy as compared to 1:5 ratio and 2.350-fold
higher than 1:10 combination indicating the synergistic efficacy of citrus peel
extract after 24h of exposure (Table 3).
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Empirical Probit
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Fig. 3. Dosage-mortality regression lines obtained when larvae of Aedes aegypti were exposed
with a-cypermethrin alone, and in binary combination with Citrus sinensis (1:1, 1:5 and 1:10)
for 24 h. *CPE = Citrus sinensis peel extract in hexane.

Table 3

Larvicidal potential of binary mixtures of a-cypermethrin and hexane extract
of Citrus sinensis peels (1:1, 1: 5 and 1: 10) against early fourth instars of Aedes aegypti L.

Insecticide: | Duration | LCsp 95% Fiducial LCo0 95% Fiducial | ¥?(df) | SE RC
Extract of (ppm) limit (ppm) limit
Ratio exposure

24h 0.00163 | 0.00094-0.00353 | 0.00756 | 0.00134-0.01562 1'(337 1.454 | 2.981
1:1
48 h 0.00092 | 0.00078-0.00245 | 0.00679 | 0.00298-0.01432 2'(333 2.782 | 5.082
1.656
24 h 0.00521 | 0.0004- 0.00802 | 0.02316 | 0.01269-1.81966 @3) 0.854 | 1.979
1:5
48 h 0.00383 | 0.00067-0.00522 | 0.00858 | 0.00642-0.03309 1'(2())5 1.346 | 3.200
0.926
24 h 0.00383 | 0.00088-0.00507 | 0.00766 | 0.00590-0.02254 3) 1.673 | 4.261
1:10
48 h 0.00346 | 0.00072-0.00472 | 0.00664 | 0.00505-0.01658 O.é;;l 2.096 | 5.131

No mortality was observed in the control, LCso — Lethal Concentration that kills 50% of the exposed
larvae; LCoo — Lethal Concentration that kills 90% of the exposed larvae; S.E. = Standard Error;
¥? = Chi-square; df = degree of freedom; R.C. = Regression Coefficient; Test samples were transformed
into log covariant (logi), p>0.05, level of significance is greater than 0.05, no heterogeneity factor is
used in the calculation of confidence limits, Values are mean of three replicates.
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The results clearly showed that as the concentration of C. sinensis hexane
peel extract in the binary combination increased, it imposed an antagonistic effect
on the larvicidal potential of the a-cypermethrin against Ae. aegypti. The CTC
(% suppression) and synergistic factor obtained in 1:1 combination citrus peel
extract and cypermethrin showed more than 20 and 1 respectively (Table 4,
Fig. 4).

4.5

0 I II II I II

AC:CPE (1:1)24h AC:CPE (1:1)48h AC:CPE (1:5)24hrs AC:CPE (1:5) 48hrs AC:CPE (1:10)24hrs AC:CPE (1:10)48hrs

Synergistic ratio
I ~
”n ~ »n

-

=}
[}

M Synergistic Ratio at LC50 M Synergistic Ratio at LC90

Fig. 4. Variations in synergistic factors when early fourth instars of Aedes aegypti were exposed
to the 1:5 and 1:10 binary mixtures of a-cypermethrin and Citrus sinensis hexane peel extracts
for 24 h and 48 h. *CPE = Citrus sinensis peel extract in hexane AC=Alpha-cypermethrin.

The data revealed that 1:1 ratio of C. sinensis hexane peel extract and
a-cypermethrin exhibited 23.456 % CTC and 3.865 synergistic factor at LCso after
24 h of exposure showing high level of synergism. Additive effect was also seen in
1:5 and 1:10 combination of extract and insecticide showing CTC % in a range of
(-)3 to 17. However, antagonism was also seen in only of the case at LCq level of
exposure in 1:5 combination after 48 h, though that was inconsequential.
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DISCUSSION

Extensive epidemic of Aedes-borne diseases and notable increase in the
worldwide occurrence of dengue, Chikungunya, and yellow fever has attracted
researchers to find eco-friendly and effective approaches. Reduction of mosquito
larval source and larval population has always been the prime strategy of successful
dengue vector control around the world. Though various chemical insecticides are
employed to control mosquito larvae to keep them under threshold level and
prevent their breeding, the frequent use of insecticides has been damaging our
environment and non-target organisms including humans. Consequently, researchers
are exploring plant diversity to formulate and employ plant-derived insecticides as
one of the effective and eco-safe alternate approaches in mosquito control programme.
With the aim of controlling dengue larvae with nominal use of environmentally-
perilous insecticides, the larvicidal activity of peel extract of C. sinensis and
alpha-cypermethrin was studied alone as well as in binary combinations against
Aedes larvae.

Our investigations showed appreciable larvicidal efficacy of C. sinensis peels
against dengue larvae resulting in respective LCs values of 46.53 and 39.57 ppm
after 24 h and 48 h of exposure. Our results are in agreement with that of Bagavan
et al. (2008) who investigated the larvicidal efficacy of the chloroform and methanol
extracts of C. sinensis peels against Anopheles subpictus and Culex tritaeniorhynchus
and obtained LCso values of 58.25 ppm and 38.15 ppm, respectively. The essential
oils extracted from the peels of C. limon and C. sinensis possessed toxicity against
Culex pipiens larvae exhibiting LCso values in the range of 30.1 to 51.5 mg/L
(Michaelakis et al., 2009). Assays performed by Murugan et al. (2012) with
C. sinensis extracts against all the four instars of three mosquito vectors revealed
these extracts most effective against Ae. aegypti. They reported LCso values of
92.27, 106.60, 204.87, 264.26 ppm against Ae. aegypti; 182.24, 227.93, 291.69,
398.00 ppm against An. stephensi; and 244.70, 324.04, 385.32, 452.78 ppm against
Cx. quinquefasiatus I-1V instars, respectively. The larvicidal efficacy of citrus peel
extracts and essential oils against mosquito vectors have also been observed in the
past (Mwaiko, 1992; Mwaiko & Savaeli 1994; Ezeonu et al., 2001; Amusan et al.,
2005).

We also conducted larvicidal bioassays with a-cypermethrin against early
fourth instars of Ae. aegypti and obtained LCs values of 0.0063 and 0.0038 ppm
after 24 and 48 h of exposure, respectively. Cypermethrin is a pyrethroid which is
still considered the major class of highly active insecticides due to their anti-mosquito
potential and comparatively low toxicity in relation to organochlorines and
organophosphates. Though a number of reports exist about the efficacy of
pyrethroids against mosquito vectors, limited work is reported about the efficacy of
a-cypermethrin. In Australia, Pettit et al. (2010) investigated the efficacy of
a-cypermethrin against Ae. notoscriptus, Ae. aegypti and Ae. albopictus in order to
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inhibit colonization of larvae in water-filled receptacles and reported high efficacy.
Sunday et al. (2016) conducted larval and adult bioassays and revealed the
susceptibility of Culex to cypermethrin. The larvicidal efficacy of cypermethrin has
been advocated by Mohan et al. (2007) revealing LCso value of 0.0369 ppm after
24 h of exposure which is much higher than observed by us. However, efficacy of
alpha-cypermethrin reported by Samal & Kumar (2018) showed LCsp of 0.0005 ppm
which was 13 times lower than the present investigation. This variation may be
because of the status of resistance level in the Aedes aegypti larvae which need to
be taken into consideration. Similarly, Aivazi & Vijayan (2010) obtained much
higher LCso value of 0.4 ppm when dengue larvae were assayed with cypermethrin.

Reports exist in the literature which reveal that cypermethrin possess
considerable toxicity against non-target organisms. The insecticide has been found
toxic against Ceriodaphnia dubia (Chen et al., 2015). Thus, we attempted to
formulate a binary mixture of a-cypermethrin with C. sinensis peel extract which
may prove a good eco-friendly approach by reducing the dose of cypermethrin but
increasing its efficacy by adding eco-safe compound to be applied in vector control
programs. In addition, such mixtures could extend lifetime of available insecticides,
reduce the costs, and manage insecticide resistance (Aivazi & Vijayan, 2009).

We observed that 24 h exposure of Ae. aegypti early fourth instars with 1:1
binary mixture of cypermethrin and citrus peel extract reduced the LCso of
cypermethrin by 4-fold resulting in 3.865 synergistic factor. Studies conducted by
Mohan et al. (2007) reported the synergistic action of the different combinations of
Solnaum xanthocarpum chloroform and methanol extract and cypermethrin against
An. stephensi larvae; stating the 1:1 combination with chloroform extract as the
most effective one. They also reported a negative correlation between the amount
of extract and the synergistic factor suggesting that synergistic activity of the
binary mixture investigated decreases with the increasing concentrations of plant
extract. In 2010, Mohan et al. investigated the larvicidal activities of the binary
mixtures of temephos, fenthion and petroleum ether extract of S. xanthocarpum
(2:1, 1:2, and 1:4 ratios) against Cx. quinquefasciatus. Interestingly, they found
antagonistic effect with temephos/S. xanthocarpum extract combination; while in
agreement to our results, the fenthion/S. xanthocarpum extract combination acted
synergistically at 1:1 ratio. Likewise, the synergism of some plant extracts mixed with
phenthoate and fenthion was reported against An. stephensi by Kalayanadundaram &
Das (1985).

In Mysore, India, Aivazi & Vijayan (2009) obtained promising results with
binary combination of Rue (Ruta graveolens) plant leaf methanol extract and
cypermethrin (1:1) against An. stephensi. They reported the respective co-toxicity
coefficient and synergistic factor as 119.4 and 9.94 after 24 h. Significant
synergism has also been obtained by assaying the binary mixtures of fenthion and
Leucus aspara, Turnera ulmifolia, Vinca rosea, Clerodendron inerme, Pedalium
murax, Parthenium hysterophorus extract revealing respective synergistic factors of
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1.31, 1.38, 1.40, 1.48, 1.61, and 2.23, respectively. Our observations are also
supported by the findings of Thangam & Kathiresan (1991) who advocated the
synergistic activity of three plant extracts; Caulerpa scalpelliformis, Rhizophora
apiculata and Dictyota dichotoma when added to DDT.

Our investigations showed that the hexane peel extract of C. sinensis is a
potential mosquito larvicide and it can increase the efficacy of cypermethrin by
acting as an effective synergist. It has been cited that the plant extracts may possess
some factors which may inhibit certain factors, such as detoxifying enzymes,
thus resulting in synergistic activity and increasing the efficacy of pyrethroids
(Thangam & Kathiresan, 1991). Our study is of high significance as this approach
not only minimizes the amount of both the constituents but also make the binary
compound more operative, cost-effective and comparatively less harmful to the
environment. In addition, utilization of citrus waste for mosquito control would
help to reduce waste and the pollution load boosting the environmental profile of
fruit juice processing industry.

CONCLUSIONS

Current studies showed that binary combination of extracts prepared from the
waste peels of C. sinensis and alpha-cypermethrin can be utilized as an effective
agent in control of Ae. aegypti by exerting synergistic and additive effects. This
will not only reduce the environment load of waste peels, but also protect the
environment and non-target organisms including human beings, from the harmful
effects of synthetic insecticide. However, further evaluation performed with the
bioactive constituent of peel extract is required for the formulation of an efficient
and eco-friendly combination which can be used effectually in dengue vector
control programs.

Acknowledgements. The authors are thankful to Principal Acharya Narendra Dev College for
providing laboratory and culture facilities to conduct the experiments.

REFERENCES

ABBOTT W.S., 1925, A method of computing the effectiveness of an insecticide. Journal of
Economic Entomology, 18: 265-267.

AIVAZI A.A., VIJAYAN V.A., 2009, Larvicidal activity of oak Quercus infectoria Oliv. (Fagaceae)
gall extracts against Anopheles stephensi Liston. Parasitology Research, 104: 1289-1293.

AIVAZI AA., VIJAYAN V.A,, 2010, Efficacy of Ruta graveolens extract and its synergistic effect
with cypermethrin against Anopheles stephensi Liston larvae. Toxicological and Environmental
Chemistry, 92: 893-901.

AKRAM W., KHAN H. A, HAFEEZ F., BILAL H., KIM Y. K., LEE J. J., 2010, Potential of citrus
seed extracts against dengue fever mosquito, Aedes albopictus (Skuse) (Culicidae: Diptera). Pakistan
Journal of Botany, 42 (4): 3343-3348.



96 Devina Aggarwal et al. 14

AMER A., MEHLHORN H., 2006, Larvicidal effects of various essential oils against Aedes,
Anopheles, and Culex larvae (Diptera, Culicidae). Parasitology Research, 99: 466-472.
AMUSAN AAS., IDOWU A.B., AROWOLO F.S., 2005, Comparative toxicity effect of bush tea
leaves (Hyptis suaveolens) and orange peel (Citrus sinensis) oil extract on larvae of the yellow

fever mosquito Aedes aegypti. Tanzania Journal of Health Research, 7 (3): 174-178.

BAGAVAN A., RAHUMAN A A., KAMARAJ C., GEETHA K., 2008, Larvicidal activity of
saponin from Achyranthes aspera against Aedes aegypti and Culex quinquefasciatus (Diptera:
Culicidae). Parasitology Research, 103: 223-229.

CHEN X., SHI X., WANG H., WANG J.,, WANG K., XIA X., 2015, The cross-resistance patterns
and biochemical characteristics of an imidacloprid-resistant strain of the cotton aphid. Journal
of Pesticide Science, 40 (2): 55-59.

EZEONU F.C., CHIDUME G.l., UDEDI S.C., 2001, Insecticidal properties of volatile extracts of
orange peels. Bioresource Technology, 76: 273-274.

FLOORE T.G., DUKES J C., BOIKE JR.A. H., GREER M. J.,, COUGHLIN J.S., 1992, Evaluation of
three candidate cypermethrin-piperonyl butoxide formulations compared with Scourge against
adult Culex quinquefasciatus. Journal of American Mosquito Control Association, 8: 97-98.

GEETHA C.K., SHETTY N.J., 2018, Inheritance pattern of cypermethrin resistance, a synthetic
pyrethroid insecticide, in Aedes aegypti (L.), vector for dengue, dengue haemorrhages and
Chikungunya. Annals of Genetics and Genetics Disorder, 1 (1): 1-5.

GHOSH A., CHOWDHURY N., CHANDRA G., 2012, Plant extracts as potential mosquito
larvicides. Indian Journal of Medical Research, 135 (5): 581-598.

HEMINGWAY J., FIELD L., VONTAS J., 2002, An overview of insecticide resistance. Science, 298:
96-97.

HOUGARD J.M., DUCHON S., DARRIET F., ZAIM M., ROGIER C., GUILLET P., 2003,
Comparative performances, under laboratory conditions, of seven pyrethroid insecticides used
for impregnation of mosquito nets. Bulletin of World Health Organization, 81: 324-333.

KALYANASUNDARAM M., DAS P.K., 1985, Larvicidal and synergistic activity of plant extracts
for mosquito control. Indian Journal of Medical Research, 82: 19-23.

KUMAR S., WAHAB N., MISHRA M., WARIKOO R., 2012, Evaluation of 15 local plant species
as larvicidal agents against an Indian strain of dengue fever mosquito, Aedes aegypti L.
(Diptera: Culicidae). Frontiers in Physiology, 3 (106): 104(1-6).

KUMAR S., WARIKOO R., MISHRA M., SAMAL R.R., SHRANKHLA, PANMEI K., DAGAR V. S,,
SHARMA A., 2017, Impact of Ocimum basilicum leaf essential oil on the survival and
behaviour of an Indian strain of dengue vector, Aedes aegypti (L.). Vector Biology Journal, 2:
12-16.

LI T., LIU N., 2014, Inheritance of permethrin resistance in Culex quinquefasciatus. Journal of
Medical Entomology, 47: 1127-1134.

LIMA E.P., PAIVA M.H., DE ARAUJO A.P., DA SILVA E.V., DA SILVA U.M., DE OLIVEIRA
L.N., SANTANA A.E., BARBOSA C.N., DE PAIVA NETO C.C., GOULART M.O.,
WILDING C.F., AYRES C.F.J., DE MELO SANTOS M.A.V., 2011. Insecticide resistance in
Aedes aegypti populations from Ceara, Brazil. Parasites & Vectors, 4: 5-16.

LIU N., 2015, Insecticide resistance in mosquitoes: impact, mechanisms, and research directions. Annual
Review of Entomology, 60: 537-559.

LIU N., XU Q., ZHU F., ZHANG L., 2006, Pyrethroid resistance in mosquitoes. Insect Science,
13 (3): 159-166.

LUNA J.E.D., MARTINS M.F., ANJOS A.F.D., KUWABARA E.F., NAVARRO-SILVA M.A,,
2004, Susceptibility of Aedes aegypti to temephos and cypermethrin insecticides, Brazil.
Revista de Saude Publica, 38: 842—-843.

MICHAELAKIS A., PAPACHRISTOS D., KIMBARIS A., KOLIOPOULOS G., GIATROPOULOS A.,
POLISSIOU M. G., 2009, Citrus essential oils and four enantiomeric pinenes against Culex
pipiens (Diptera: Culicidae). Parasitology Research, 105: 769-773.



15 Comparative larvicidal efficacy of a-cypermethrin alone and a-cypermethrin/Citrus sinensis 97
peel extract binary mixtures against Aedes aegypti L.

MOHAN L., SHARMA P., SRIVASTAVA C.N., 2007, Comparative efficacy of Solanum
xanthocarpum extracts alone and in combination with a synthetic pyrethroid, cypermethrin,
against malaria vector Anopheles stephensi. Southeast Asian Journal of Tropical Medicine and
Public Health, 38: 256-260.

MOHAN L., SHARMA P., MAURYA P., SRIVASTAVA C.N., 2008, Bioefficacy of chlorpyriphos
and temephos against anopheline and culicine larvae. Journal of Entomological Research, 32:
147-150.

MOHAN L., SHARMA P., SRIVASTAVA C.N., 2010, Combination larvicidal action of Solanum
xanthocarpum extract and certain synthetic insecticides against filarial vector, Culex
quinquefasciatus (Say). Southeast Asian Journal of Tropical Medicine and Public Health, 41:
311-319.

MOSHA F.W., LYIMO I.N., OXBOROUGH R.M., MATOWO J., MALIMA R., FESTON E.,
MNDEME R., TENU F., KULKARNI M., MAXWELL C.A., MAGESA S. M., ROWLAND
M.W., 2008, Comparative efficacies of permethrin-, deltamethrin-and a-cypermethrin-treated
nets, against Anopheles arabiensis and Culex quinquefasciatus in northern Tanzania. Annals
of Tropical Medicine and Parasitology, 102 (4): 367-376.

MURUGAN K., KOVENDAN K., VINCENT S., BARNARD D.R., 2012, Biolarvicidal and
pupicidal activity of Acalypha alnifolia Klein ex Willd. (Family: Euphorbiaceae) leaf extract
and microbial insecticide, Metarhizium anisopliae (Metsch.) against malaria fever mosquito,
Anopheles stephensi Liston. (Diptera: Culicidae). Parasitology Research, 110 (6): 2263-2270.

MWAIKO G.L., 1992, Citrus peel oil extracts as mosquito larvae insecticides. East African Medical
Journal, 69 (4): 223-226.

MWAIKO G.L., SAVAELI Z.X., 1994, Lemon peel oil extract as mosquito larvicide. East African
Medical Journal, 71 (12): 797-799.

PETTIT W.J., WHELAN P. I, MCDONNELL J., JACUPS S. P., 2010, Efficacy of alpha-cypermethrin
and lambda-cyhalothrin applications to prevent Aedes breeding in tires. Journal of American
Mosquito Control Association, 26 (4): 387-398.

RANSON H., CLAUDIANOS C., ORTELLI F., ABGRALL C., HEMINGWAY J., SHARAKHOVA M. V.,
COLLINS F.H., FEYEREISEN R., 2002, Evolution of supergene families associated with
insecticide resistance. Science, 298: 179-181.

SAMAL R.R., KUMAR S., 2018, Susceptibility status of Aedes aegypti L. against different classes of
insecticides in New Delhi, India to formulate mosquito control strategy in fields. The Open
Parasitology Journal, 6: 52-62.

SHARMA A., KUMAR S., TRIPATHI P., 2016, Evaluation of the larvicidal efficacy of five
indigenous weeds against an Indian strain of dengue vector, Aedes aegypti L. (Diptera:
Culicidae). Journal of Parasitology Research, 2016: 1-8.

SUN Y.P., JOHNSON E.R., 1960, Synergistic and antagonistic actions of insecticide-synergist
combinations and their mode of action. Journal of Agriculture and Food Chemistry, 8:
261-266.

SUNDAY 0.0., AKINWANDE K.L., ASHAMO M.O., 2016, Laboratory review of sublethal effects
of cypermethrin on oviposition, life span and egg development in Culex quinquefasciatus, Say
(Diptera: Culicidae). International Journal of Mosquito Research, 3: 20-25.

THANGAM T.S., KATHIRESAN K., 1991, Mosquito larvicidal activity of marine plant extracts
with synthetic insecticides. Botanica Marina, 34: 537-540.

TRABOULSI AF., EL-HAJ S., TUENI M., TAOUBI K., NADER N.A., MRAD A., 2005,
Repellency and toxicity of aromatic plant extracts against the mosquito Culex pipiens molestus
(Diptera: Culicidae). Pest Management Science, 61 (6): 597-604.

TRISYONO A., WHALON M.E., 1999, Toxicity of neem applied alone and in combination with
Bacillus thuringiensis to Colorado potato beetle (Coleoptera: Chrysomelidae). Journal of
Economic Entomology, 92: 1281-1288.

VASTRAD AS., LINGAPPA S., BASAVANAGOUD K., 2002, Vegetable oils as synergists of
synthetic pyrethroids against diamondback moth, Plutella xylostella L (Yponomeutidae:
Lepidoptera). Journal of Entomological Research, 26: 285-290.



98 Devina Aggarwal et al. 16

WARIKOO R., RAY A., SANDHU J. K., SAMAL R., WAHAB N., KUMAR S., 2012, Larvicidal
and irritant activities of hexane leaf extracts of Citrus sinensis against dengue vector Aedes
aegypti L. Asian Pacific Journal of Tropical Biomedicine, 2 (2): 152-155.

YANG T., LIU N., 2014, Permethrin resistance variation and susceptible reference line isolation in a
field population of the mosquito, Culex quinquefasciatus (Diptera: Culicidae). Insect Science,
21: 659-666.

*** NATIONAL VECTOR BORNE DISEASE CONTROL PROGRAMME, NVBDCP, 2018a,
Dengue/DHF situation in India. http://nvbdcp.gov.in/index4.php?lang=1andlevel=0andlinkid=
431andlid=3715 (accessed 27 July, 2019).

*** NATIONAL VECTOR BORNE DISEASE CONTROL PROGRAMME, NVBDCP, 2018b,
Chikungunya situation in India. http://nvbdcp.gov.in/index4.php?lang=1andlevel=0andlinkid=
486andlid=3765 (accessed 27 July, 2019).

*** WORLD HEALTH ORGANIZATION, 2016, Monitoring and managing insecticide resistance in
Aedes mosquito populations, 1-13. https://apps.who.int/iris/bitstream/handle/10665/204588/
WHO_ZIKV_VC_16.1_eng.pdf?sequence=2

*** WORLD HEALTH ORGANIZATION, 2019, Dengue Fact sheet. http://www.searo.who.int/
entity/vector_borne_tropical_diseases/data/data_factsheet/en/ (Retrieved on July 16, 2019).

Received October, 3 2019 “Department of Zoology, Acharya Narendra Dev College
University of Delhi, New Delhi — 110019, India
e-mail: saritakumar@andc.du.ac.in


http://nvbdcp.gov.in/index4.php?lang=1andlevel=0andlinkid
http://nvbdcp.gov.in/index4.php?lang=1andlevel=0andlinkid
https://apps.who.int/iris/bitstream/handle/10665/204588/
http://www.searo.who.int/

