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ABSTRACT

Chemical control of dengue vector, Aedes aegypti is impaired due to development of resistance to
conventional insecticides. Insect Growth Regulators (IGRs) are considered more suitable and effective vector
control agents as they specifically inhibit chitin biosynthesis, a process absent in vertebrates, and impose less
adverse effects on beneficial insects and the environment. Present study investigates Lufenuron, a Chitin
Synthesis Inhibitor (CSI), as a control agent of Ae. aegypti. Different instars of Ae. aegypti were exposed to a
range of concentrations of Lufenuron as per WHO protocol. The investigations showed the effective
hormone-mimetic effect of Lufenuron resulting in the formation of a significant number of larval-pupal and
pupal-adult intermediates with the maximum number observed on exposure to L3 (L-P=17%, P-A=21%).
Approximately 20% of L2 instars either could not moult and remained trapped inside the new exuviae or
possessed bulged abdomen while some showed ruptured exoskeleton. The results showed increase in 1Ez
from L1 (0.00010 ppm) to L4 stage (0.00013 ppm); the L2 stage exhibiting maximum IEz, (0.00025 ppm).
The median emergence suppression (IEsy) doses of the Lufenuron were found to be 0.00057 ppm for L1,
0.00047 ppm for L2, 0.00050 ppm for L3 and 0.00096 ppm for L4. The results also revealed increased
duration of larval development and inability of pupae to develop into adults, as compared to the controls. The
investigations indicate the potential use of Lufenuron as the control agent of Ae. aegypti. Further research is

being conducted to understand its mode of action to develop effective control strategies.
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1. INTRODUCTION

Dengue, yellow fever and Chikungunya are the most
prevailing diseases worldwide, responsible for millions of
deaths each year [1]. Aedes aegypti has been the most
devastating vector in last few decades and plays the major
vector in spreading these diseases [2]. The World Health
Organization has reported a global estimate of 3.9 billion
people inhabiting 128 countries facing risk of dengue
infection while 60 countries were identified as the
Chikungunya-prone areas by WHO [3]. The
dengue/dengue haemorrhagic fever data recorded by
NVBDCP (National Vector Borne Disease Control
Programme), India showed a total of 1,29,166 cases and
245 deaths in the year 2016 which shot up to 1,88,401
cases and 325 deaths in 2017. In November 2018, though a
decline to 89,974 cases and 144 deaths was observed; the
total data is yet to be reported [4].

Primary control measures of the mosquito vectors have
mainly been focused on the use of insecticides, primarily
those which target the insect central nervous system.
Nevertheless, the indiscriminate use and rising reports of
resistance development in the vector population to these
insecticides has led to the consequent failures of control
efforts [5]. Thus, new and effective tools have to be taken

into consideration and identified for the control of these
important disease vectors.

A recent approach to insect pest control is the use of
substance with distinct mechanism of action. Substances
like Insect Growth Regulators (IGRs) have a selective
mode of action as compared to other synthetic insecticides.
Synthetic  insecticides; like organophosphates and
carbamates; interfere with various physiological processes
of insects, while IGRs act on the target species by
adversely affecting their growth and development leading
to developmental abnormalities impairing the survival of
insect [6, 7]. Apart from this, these compounds are
considered safer to the non-target organisms than
conventional insecticides [8].

Based on the mode of action, IGRs can be grouped
into two types: chitin synthesis inhibitor (CSI) and
substances that interfere with the action of insect hormones
[6]. CSls are benzoylphenyl urea compounds and were
first discovered in the 1970s [9]; they can affect
reproduction and development of organisms to varying
degrees. Insect larvae treated with CSls fail to ecdyse
because of the inhibition of cuticle synthesis even if
moulting occurs [6]. These compounds can also prevent
the formation of adequate peritrophic membrane (PM)
lining the insect gut [10], which consequently disturbs the
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normal functioning, leaving the insect more susceptible to
exogenous compounds [11]. Adults emerging from CSI-
exposed larvae can have physiological constraints leading
to diminished physical and reproductive fitness [12]. The
effect of CSls can also depend on the variety of insect
species, the developmental stage at the time of application,
the dose administered and the kind of compound used [13,
14].

Present study investigates the growth inhibitory and
growth regulatory potential of Lufenuron, a CSI, against
Ae. aegypti population.

1.1. Materials and Methods

1.1.1. Mosquito rearing

A culture of Ae. aegypti was maintained at 28 + 1 °C,
80 + 5% relative humidity (RH) and 14:10 L:D
photoperiod [15]. Adults were reared in a cloth cage and
fed on deseeded raisins soaked in water; a source of food
primarily for the male adults. Female adults were given
periodic blood meals for egg maturation. Enamel bowls;
lined by Whatman filter strips and half-filled with
dechlorinated water; were used to collect the eggs. The
filter strips laden with eggs were transferred to an enamel
tray containing dechlorinated water; for hatching. Larvae
were fed daily with food; containing combination of live
active yeast and dog biscuit (1:3). The pupae formed were
transferred into the cloth cage for adult emergence.

1.1.2. Emergence inhibition bioassay

Lufenuron, a Chitin Synthesis Inhibitor (CSI) with >
98.0 % purity, was procured from M/s Sigma-Aldrich. The
compound was weighed and diluted in ethanol obtained
from eMerck. The stock solution of 1% was prepared and
stored in the refrigerator at 4 °C for future use.

The emergence inhibition bioassay of Lufenuron was
conducted against different larval stages (L1, L2, L3, L4)
of Ae. aegypti as per the WHO recommended protocol
with slight modifications [16]. A graded series of
Lufenuron was prepared using ethanol as the solvent.
Batches of 20 instars of each stage; L1, L2, L3 and L4;
were taken in a plastic bowl containing 99 ml of distilled
water and transferred into a glass jar containing 100 ml
distilled water and 1 ml of a particular concentration of
Lufenuron. Three replicates were performed for each
dilution. Controls were run simultaneously using only the
diluting solvent, ethanol. Due to the longer duration of the
assay, both the treated and control larvae were fed
periodically. After a 24 hr exposure period, the larvae and
pupae formed were transferred to a glass jar containing
dechlorinated water. Mortality was recorded until adult
emergence. Moribund larvae, dead larvae and pupae, and
the incompletely emerged adult mosquitoes; not
completely separated from the pupal case, were counted as
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“affected”. Number of empty pupal cases were scored as
the successfully emerged adults. The experiment was
concluded when all the larvae or pupae in the controls
developed and emerged as adults.

1.1.3. Statistical analysis of data

If adult emergence in the control was less than 80%,
the test was discarded and repeated. Where the percentage
is between 80% and 95%, the data are corrected using
Abbott’s formula [17]. The overall emergence of adults
reflects growth inhibitory activity of Lufenuron against Ae.
aegypti. Percent emergence inhibition (IE%) was
calculated using the formula:

TX‘IOO}
c

IE% = 100 — §

Where, T= percentage of survival or emergence in treated
batches, and C = percentage of survival or emergence in
control batch.

The data was subjected to regression analysis using
computerized SPSS 22.0 Programme. The IE3 and IEsg
values with 95% fiducial limits were calculated in each
bioassay to measure the variation between the test samples.
During each emergence inhibition bioassay, dead larvae of
Ae. aegypti in both the control and experimental setups
were scrutinized under light microscope for behavioural
and morphological modifications, if any. Behavioural
changes like excitation, restlessness, sluggishness, etc.,
were recorded, if observed. Changes in the body segments
like the head, thorax and abdomen and organs such as the
antennae, eyes, setae, siphon and anal fins were
photographed and compared with controls.

1.2. Our Contribution

This study shows the potential growth inhibitory
effects of Lufenuron on different stages of mosquito
larvae. It variably affects the various phases of the target
insect’s life cycle, consequently disrupting the continuance
of next generation. As insects are not expected to develop
resistance to IGRs and these compounds may even be
effective against those insects which have developed
resistance to conventional insecticides; the use of
Lufenuron to manage mosquito population can be an
effective and sustainable strategy.

1.3. Paper Structure

The rest of the paper is organized as follows. Section 2
describes the impact of Lufenuron on the growth and
development of Ae. aegypti. The results obtained are
analysed using suitable statistical tools and are discussed
in comparison to similar experiments performed
previously using different compounds with similar modes
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of action. Section 3 concludes the paper stating the
possible use of Lufenuron in mosquito management. The
recommendations are made and direction for further
research are presented.

2. RESULTS AND DISCUSSION

The result of the inhibition of emergence bioassay
performed on the first, second, third and fourth instars of
Ae. aegypti with CSI, Lufenuron are presented in Table 1.
Mortality in each larval stage was recorded up to adult
emergence. Mortality and deformity of larva because of
the failure to shed their cuticle was observed as a common
trend [Figure 1a]. Similar reports were given by Aziz [18]
on application of three different IGRs on Ae. aegypti early
4" instars and Arora [19] who exposed Tribolium
castaneum to Lufenuron. It was also observed that because
of premature apolysis, larvae remained trapped in exuviae,
did not moult completely and died slowly due to starvation
and desiccation. Such manifestations were also noted on
treating Culex pipiens with another CSI, Novaluron [8].
High larval mortality relative to pupa and adult observed
on larval exposure to higher Lufenuron doses; pointing to
the direct relationship between CSI concentrations and the
precocity of their effects; were in agreement with
observations made by some authors [20-22].

The investigations also showed the effective hormone-
mimetic effect of Lufenuron on Ae. aegypti resulting in the
formation of a significant number of larval-pupal (Figure
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1b, c, d) and pupal-adult intermediates during development
(Figure 2e, f). The maximum number of intermediates
were observed on exposure of L3 to Lufenuron (L-P=17%,
P-A=21%). It suggests the significant potential of
Lufenuron to influence mosquito reproduction by
hormonal imbalance as is seen in the cases of JH
analogues [23, 24]. Reports have shown the development
of abnormal pupal-adult intermediates on exposure of T.
castaneum to Lufenuron [19]. A number of pupae retained
the larval exuviae on a portion of the abdomen on treating
Ae. aegypti larvae with pyriproxyfen and diflubenzuron
[25]. This research also observed that successfully moulted
larvae reached the adult stage but remain trapped with
appendages and wings in the pupal exuviae (Figure le, f).
This is in agreement with the observations by other
investigators, who found that mosquito adults were
incompletely emerged with the legs and tarsi attached to
the pupal exuviae on treatment with pyriproxyfen and
diflubenzuron [25, 26].

The investigation clearly indicates the emergence
suppression  potential of Lufenuron against adult
mosquitoes with IEs values of 0.00010 ppm, 0.00025
ppm, 0.00012 ppm and 0.00013 ppm in L1, L2, L3 and L4
stages, respectively. The IEs value was least for the L2
stage (0.00047 ppm) while highest for L4 stage (0.00096
ppm). Studies by Aziz [18] showed the emergence
inhibition potential of three IGRs against early 4™ instars
of Ae. aegypti, Sumilarv 0.5G being the most effective
(ICso = 0.0004 ppm), followed by Diflox Flowable (ICso =
0.002 ppm) and Baycidal 25 wp (ICso = 0.047). The results

Table 1 Emergence Inhibition (IE) bioassay with Lufenuron against 1%, 2", 3 and 4" instars larvae of

Aedes aegypti
1Es0 IEso
Larval . S 2
| (95% Fiducial (95% Fiducial X RC S.E
nstars L .
limits) limits)
0.00010 0.00057
1.71 . .62
L1 (0.00004-0.00019) | (0.00036-0.00083) S 0.69959 6.62395
0.00025 0.00047
L2 (0.00018- (0.00038- 3.450 1.85663 12.53597
0.00031) 0.00056)
0.00012 0.00050
L3 (0.00005- (0.00033- 5.671 0.84087 7.79202
0.00019) 0.00069)
0.00013 0.00096
L4 (0.00004- (0.00061- 3.741 0.59700 5.72142
0.00024) 0.00153)

IE3= concentration that inhibits 30% of adult emergence; IEsq= concentration that inhibits 50% of adult emergence; ¥?= chi square;
RC= Regression Coefficient; S.E.= Standard error; test samples were transformed into log covariant (log10); p< 0.05 level of
significance; values are mean of three replicates.

156



ATLANTIS

PRESS

also showed that Lufenuron induced adult emergence
inhibition of Ae. aegypti in a dose dependent manner.
Triflumuron has been found to impose the same effect on
the larvae of Ae. albopictus, Culex quinquefasciatus and
Ae. aegypti [27, 28] while Novaluron has been studied
against Ae. aegypti [20]. Diflubenzuron and pyriproxyfen
successfully inhibited Ae. aegypti adult emergence at I1Cs
values of 0.00036 ppm and 0.0041 ppm, respectively [25].
Batra et al. observed ECs, values of 0.0001, 0.0002 and
0.0003 ppm, respectively against An. stephensi, Ae.
aegypti and Cx. quinuefasciatus on using triflumuron [29].

In current study, exposure of the Ae. aegypti larvae to
the different concentrations of Lufenuron did not
immediately affect their activity and movement. However,
a few minutes after the exposure time, abnormal agitation,
restlessness and sluggishness were observed. Aziz made
similar observations in Ae. aegypti larvae on treatment
with different IGRs [18]. After 24 hr, around 10% of
exposed larvae started showing aggressive self-biting of
their anal papillae with their mouth parts forming ring-like
structure. The treated larvae did not immediately die
pertaining to the properties of the compound used which is

4 K
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slow acting as compared to the neurotoxic insecticides.
Some larvae also exhibited toxic symptoms like tremors
and convulsions settling at the bottom of the glass jar
followed by paralysis and stiffness. Damage to the
breathing siphon could be the reason for alteration and
reduction in the motility of the larvae, preventing it from
rising to the surface. The absorption process by anal
papillae was interrupted due to damage caused by
Lufenuron. It has been reported earlier that anal papillae of
mosquito larvae exhibit high cellular activity due to
numerous mitochondria, and absorb chlorine, sodium, and
potassium from the water to maintain the normal ionic
composition of the haemolymph [30].

These studies indicate that Lufenuron, even at very
low concentrations, can alter the behaviour and
morphology of Ae. aegypti with other possible
physiological alterations and thus, can arrest their
development. As is evident from the results, it is effective
against all the life stages of Ae. aegypti; all four stages of
larvae, pupae and adult.

Figure 1 Larval-pupal and pupal-adult intermediates formed in Aedes aegypti on larval exposure to Lufenuron
(Represented by arrows) : (a) Larva trapped in old exuviae; affected respiratory siphon, (b) Visible pupal horn in larval-
pupal intermediate; anal papillae absent, (c) Larval-pupal intermediate with pupal horn, (d) Anal papillae absent, (e)
Pupal-adult intermediate; antennae, wings and legs trapped in pupal exuviae, (f) Adult with trapped legs; abdomen

region lost
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Figure 2 Percent intermediates formed in Aedes aegypti on exposure of different instars to Lufenuron.
L1= 1% larval instar; L2= 2" larval instar; L3= 3" larval instar; L4= 4™ larval instar; L-P= larval-pupal

intermediate; P-A= pupal-adult intermediate

3. CONCLUSION

The outcome results showed the efficacy and latent
effects of Lufenuron on different stages of Ae. aegypti
mosquito  with  behavioural,  physiological and
morphological alterations. The use of IGRs as an
alternative or integrated solution to other methods of
mosquito control, such as chemical insecticide, could
enhance the efficiency of control operations by reducing
the risk of developing resistance to the same process. The
possible use of Lufenuron as one of the components in
vector control programme can be an effective and
sustainable strategy for management of Ae. aegypti.
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