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Abstract Mosquito control using different methods remains an integral component of
intervention programmes which aim to protect humans from various mosquito-borne
diseases. The host seeking behaviour of mosquitoes is essentially guided by odorant
receptor neurons housed in the antenna, maxillary palps and proboscis. The odorant
receptor neurons are responsible for detecting chemical cues from hosts and also useful
for developing sustainable mosquito-control strategies that exploit host-seeking behav-
iours. The present investigation evaluates host seeking behavioural responses of a
novel, non-toxic and environment friendly repellent, ethyl 2-aminobenzoate against
three known vector species of mosquitoes viz. Aedes aegypti, Anopheles stephensi and
Culex quinquefasciatus maintained in laboratory. The flight orientation of the test
mosquitoes was studied using Y-tube olfactometer, whereas the antennae of adult
female mosquitoes were used to investigate the effect of ethyl 2-aminobenzoate on
the peripheral olfactory system using electroantennogram (EAG). The findings dem-
onstrate that ethyl 2-aminobenzoate exhibited significant response in Y-tube olfactom-
eter against all the three known vector species of mosquitoes. However, only Anopheles
stephensi significantly elicited responses in EAG experiments, while the responses
obtained for Aedes aegypti and Culex quinquefasciatus were not statistically
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significant. The results conclude that currently evaluated chemical ethyl 2-
aminobenzoate has potential against some well established mosquito vector species
and could be exploited to develop new and comparatively more effective anti-mosquito
formulations.

Keywords Electroantennogram - ethyl 2-aminobenzoate - flight orientation - mosquito -
odorant receptor neurons

Introduction

Mosquitoes use their sense of smell to avoid repellents and to find hosts, nectar, and
oviposition site (Ray 2015). Vector mosquito species are adapted to feed on human
blood and have a major impact on public health by transmitting diseases such as
malaria, dengue, yellow fever, filariasis, chikungunya, Japanese encephalitis, etc.
(Fang 2010; Lupi et al. 2013). Recently, mosquitoes have also been found to transmit
Zika virus that has been declared by World Health Organisation (WHO) as a public
health emergency of international concerns (Dasti 2016; Fauci and Morens 2016;
Ginier et al. 2016; Jamil et al. 2016; Wiwanitkit and Wiwanitkit 2016). Even in the
absence of disease pathogens, mosquitoes create displeasure and can disrupt outdoor
activities (Dickens and Bohbot 2013). Many studies have proved that application of
odorants can potentially reduce disease transmission by preventing mosquito-human
interactions (Alpern et al. 2016; Auysawasdi et al. 2016; Das et al. 2015; Diaz 2016).
Odorants particularly act via extremely sophisticated olfactory systems of mosquito
with hundred of receptor proteins from three different families: (I) ionotropic receptor
(Ir); (II) odorant receptor (Or) and; (IIT) gustatory receptor (Gr) families (Menger et al.
2015). These receptors are most likely expressed in similar numbers of classes of
odorant receptor neurons (ORNs) housed in sensilla on the antenna, maxillary palps
and proboscis. The axons of the ORNs project to the antennal lobe (AL) in brain’s
deutocerebrum, where they innervate glomeruli, probably sorting according to
their expressed receptors (Ghaninia et al. 2008; Hansson and Stensmyr 2011;
Lavialle-Defaix et al. 2011; Song et al. 2012).

Typically, the host-seeking mosquitoes undertake quite a number of distinct behav-
ioural steps: activation to fly upwind, navigation of the odor plume using olfactory cues
and optomotor anemotaxis, navigating along odor plumes through surging and casting,
close-range navigation toward skin, and landing (Carey et al. 2010). Along the way, they
constantly discriminate host odors from background, and select amongst multiple
acceptable hosts. These distinctive behavioural steps are perhaps guided by distinct sets
of olfactory cues that are detected by independent olfactory pathways. Certain non-
olfactory attraction cues such as humidity, temperature, and visual stimuli are also
incorporated by mosquitoes at close range. Although, these steps are challenging to
study, they also offer numerous opportunities to reduce host-seeking behaviour (Ray
2015). Extensive investigation has already been carried out to study the role of olfactory
cues in shaping mosquito behaviour in response to host odor (Allan et al. 2006; Bernier
et al. 2015; Webster and Cardé 2016). In those studies, the orientation (attraction/
repellency) of flying mosquitoes towards an odor source was monitored by olfactom-
eters. In certain experiments, a mosquito landing approach was used, in which the
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number of mosquitoes landing on a treated substrate (e.g. human skin) was used to guess
the attraction/repellency of the compound (Dube et al. 2011; Syed and Leal 2008).

Ethyl 2-aminobenzoate (EAB, CAS: 87-25-2), a new member in the realm of
entomology, has drawn significant attention in repellent research in the recent years
and is being considered as an improved alternative to DEET (Afify et al. 2014; Api et al.
2015; Guda et al. 2015; Islam et al. 2017; Kain et al. 2013; Leal 2014; Raphael et al.
2013). The repellency of EAB is due to the expression of green fluorescent protein
(GFP) of column glumerulus, innervated by axons of an ionotropic receptor /r40a
expressing neurons of sacculus, a pit like structure in the antenna of fruit fly
Drosophila melanogaster (Kain et al. 2013). One of the most interesting facts about
Ir40a receptor proteins is that they are also highly conserved across several agricultural
pests and insects as well, such as mosquitoes, head lice, Tribolium, etc. (Kain etal. 2013;
Raphael et al. 2013). EAB fulfils all the requirements of an ideal repellent and, in
comparison with other common repellents available in the market; EAB has the
advantage of being approved by Food and Drug Administration (FDA), World Health
Organization (WHO) and European Food Safety Authority (EFSA). Furthermore, EAB
has been listed in the ‘generally recognized as safe’ (GRAS) list by the Flavour and
Extract Manufacturer’s Association (Flavors and Fragrances 2007; Kain et al. 2013).
EAB is generally used in chewing gums and beverages as grape flavouring and odor and
also as fragrance in soaps, detergents, creams, lotions and perfumes (Opdyke 1979).

Present investigation involves the evaluation of EAB by testing its influence on host
seeking behaviour against three well known vector species of mosquitoes namely,
Aedes aegypti, Anopheles stephensi and Culex quinquefasciatus under laboratory
settings as per standard protocol and procedure. The investigation provides more
insight on the stimulatory effect of EAB on peripheral olfactory receptors in the antenna
of the female tested mosquito species using electroantennogram (EAG).

Materials and Methods
Reagents and Chemicals

Ethyl 2-aminobenzoate was purchased from Sigma Aldrich (St. Luis, USA). Acetone
(HPLC grade) was purchased from Merck Ltd. (Mumbai, India). All reagents and
solvents used were of analytical grade.

Mosquitoes

The laboratory reared 5—7 days old adult female Aedes aegypti, Anopheles stephensi and
Culex quinquefasciatus mosquitoes were obtained from the laboratory resources,
Division of Medical Entomology, Defence Research Laboratory, Tezpur, Assam, India.
All mosquito species were maintained at the laboratory insectary at 27 + 2 °C, 75 = 5%
RH and 14 L:10D h of light-dark alternative cycles in standard-sized wooden cages
(750 mm X 600 mm X 600 mm) with a sleeve opening on one side as described
previously (Seenivasagan et al. 2010). They were provided adequate nutrition with
10% sucrose solution ad libitum. All tests were carried out with the approval from
Institutional Ethics Committee (IEC) obtained prior to the initiation of the experiments.
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Standard Solutions Preparation

Standard stock solution of EAB (10,000 ppm) was prepared by dissolving appropriate
amount of EAB in HPLC grade acetone. The solution of standard stock was stored at
4 °C (= 0.5). Working solutions were prepared fresh everyday by properly diluting the
stored stock standard solution with HPLC grade acetone.

Orientation Experiments

The flight orientation experiments were performed on non-blood fed female Aedes
aegypti, Anopheles stephensi and Culex quinquefasciatus mosquitoes using Y-tube
olfactometer as per the method described elsewhere (Guha et al. 2014) with some
modifications to different doses of test chemical. Y-tube olfactometer with stem and
arms of 22 cm in length and mean internal diameter of 1 cm was used for the
experiments. Each arm was separated at the fork joint at an angle of 45° (Fig. 1).
Mosquitoes were exposed to the EAB concentrations to which they are readily oriented
to human hand. For the orientation experiments, aliquots of EAB (50, 500, 5000 ppm)
were prepared fresh everyday by properly diluting the stored stock standard solution
with HPLC grade acetone. For each replicate, 20 (twenty) female mosquitoes were taken

Odorant chambers
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Fig. 1 Schematic drawing of customised Y-tube olfactometer with mosquito release chamber
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in a customised external release chamber followed by acclimatization for 5 min. The
diameter and length of the release chamber were 1.2 cm and 10 cm, respectively. The
release chamber was designed in such a way that one end of the release chamber was
attached to the stem of olfactometer, whereas the other end was covered with perforated
nylon net to provide the mosquitoes with free access to external environment.

Fifty uL of pure EAB was applied on to a piece of adsorbent cotton and kept for
about 2-3 min for complete evaporation of solvent. Then it was placed inside the
treatment arm of the Y-tube olfactometer. At the same time, solvent treated (control)
cotton piece was placed in the other arm of the Y-tube olfactometer. The temperature
and relative humidity of the experiments was maintained at 27 + 2 °C and 75 + 5%,
respectively. Orientation experiments for Aedes aegypti was conducted between 1000 h
to 1600 h under high illumination. On the other hand, the orientation experiments for
both Anopheles stephensi and Culex quinquefasciatus mosquitoes were conducted
between 1900 to 2100 h at the onset of scotophase under low light condition. A card
board was placed along the side of olfactometer to prevent any optical stimulation by
the experimenter. The airflow was maintained at 1 L/min during the experiment by a
pressure regulator, which was split into two halves by a T-splitter which carried the
odor of test chemicals downwind of the olfactometer (Seenivasagan et al. 2012). At the
same time, the mosquitoes were released by gently attaching one end of the release
chamber to the stem of olfactometer. Five replicates (5 X 20 mosquitoes/replicate) were
used for each concentration of EAB and the run time for each experiment was 5 min.
Every time, a properly rinsed and dried olfactometer was used for each individual dose
of the stimulus. Respective arms of the olfactometer were observed for the flight
activity/orientation behaviour of the mosquitoes. The following formulas were used
to calculate the preference index (PI), percentage control response (CR), percentage
treatment response (TR) and percentage no response (NR) of the mosquitoes to the test
chemical as described previously (Afify et al. 2014; Seenivasagan et al. 2012).

Tn_Cn
Preference index (PI) = T e
n n

Ca
%Control response (CR) = 0. X 100

n

T
%Treatment response (TR) = On x 100

n

N
%No response (NR) = Or x 100

n

T, Number of mosquitoes in test chamber

C, Number of mosquitoes in control chamber

O, Number of mosquitoes released in one replicate (i.e. 20)
N, Number of mosquitoes not responding to either odor
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Electroantennogram

The electroantennogram (EAG) experiments were performed according to the methods
described in the previous study (Seenivasagan et al. 2010, 2012) with few modifica-
tions. Briefly, 5 (five) different excised antennas in five replicates of each 5-7 days old
adult non-blood fed female Aedes aegypti, Anopheles stephensi and Culex
quinquefasciatus mosquitoes were collected and exposed to EAB to evaluate the
peripheral olfactory response using an EAG instrument (Syntech, Netherland).

Antennal Preparation

Antenna of cold immobilized adult female mosquitoes were used for EAG studies. The
head of each mosquito was clipped off at the neck through foremen magnum and the
base of the excised head was mounted on indifferent electrode using electrode gel
(Spectra 360, USA). The tip of one antenna was cut off and then connected to the
recording electrode to obtain a stable base line in the oscillograph of the EAG software
which indicates an ideal electrical contact of the antenna between electrodes.

Stimulus Delivery

The charcoal-filtered and humidified air (50 mL/min) was continuously delivered over
the antennal preparation through a borosil glass tube (length: 15 c¢m, internal diameter:
0.5 cm) using a stimulus controller (Syntech, Netherland). A new hexane washed and
oven dried (60 °C; 1 h) filter paper (5 cm X 1 cm) was used to adsorb the test chemical.
Freshly prepared EAB concentrations (50, 500, 5000 ppm) in HPLC grade acetone
were used for the experiments. EAB odor was delivered into the air stream through a
side port located 10 cm from the end of the tube to ensure complete mixing of the
stimulus odor with continuous air flow. A minimum quantity of air was puffed for
about 0.5 s through the Pasteur pipette (Sigma) to stimulate the antenna.

Ten puL each of EAB (test chemical) concentration (50, 500, 5000 ppm) was applied
on the filter paper followed by subsequent evaporation of the solvent for about 2 min.
The filter paper loaded with pure EAB was then placed inside the Pasteur
pipette for saturation of the air space. The stabilised isolated mosquito antenna
was then presented to the puff of test concentration (stimuli) from lower to
higher concentration for pulse duration of 0.5 s. For every individual stimulus a
new Pasteur pipette was used and at least 1 min interval was given between
each subsequent stimulation.

EAG Recording and Analysis

Each recording session was initiated by application of air, acetone (control), followed
by increasing concentrations of test stimuli and terminated with reverse order of first
two stimulations. To test the responsiveness of the antenna, standard acetic acid (10 pg)
was puffed over the antenna at the start and finish of each recording session. The
resulting amplified signals (10 X) were then directly imported into a personal computer
via an IDAC interface box and an A/D converter. The EAG data were processed and
analysed by using EAG software (version-2.6, Syntech, Netherland). Response to the
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air puff was subtracted from the other succeeding EAG response to nullify any
mechanical stimulation. The antennal responses of mosquitoes to the test chemical at
different doses were compared with the solvent control based on the maximal EAG
amplitude value.

Statistical Analysis

Preference index (PI), percentage control response (CR), percentage treatment
response (TR) and percentage no response (NR) were calculated by the formula
as described in Method section. The normalized EAG data generated in elec-
trophysiological and flight orientation experiments were analyzed by analysis of
variance (ANOVA) followed by Tukey test of multiple comparison. The differ-
ence between mean of control and treatments were examined by #- test to verify
the significance of experimental data.

Results
Flight Orientation Responses

In Y-tube olfactometer, EAB elicited negative responses from all the three species of
mosquitoes and this has been indicated by preference index (PI) (Fig. 2). The stimulus
was presented in ascending order from lower to higher dose and the percentage
repellency indicated a non-linear dose dependent response with increasing doses
(Fig. 3). Increased numbers of mosquitoes took off from the releasing chamber and
flew upwind inside the stem of Y-tube olfactometer. After reaching the fork junction,
increased number of mosquitoes flew upwind into the acetone treated solvent control
chamber. At least, 75% female Aedes aegypti mosquitoes were repelled by the plume of

I 50 ppm
0.8 - I 500 ppm
I 5000 ppm
0.6
0.4
0.2
Aedes aegypti Anopheles stephensi Culex quinquefasciatus

Preference Index (PI)

Fig. 2 Preference index of ethyl 2-aminobenzoate against Aedes aegypti, Anopheles stephensi and
Culex quinquefasciatus
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Fig. 3 Correlation between percent repellency and different concentrations of ethyl 2-aminobenzoate

5000 ppm EAB and entered the control chamber, whereas 500 and 50 ppm repelled 70
and 63% female, respectively. These results were found statistically different from
control results. About 22-28% female Aedes aegypti remained idle inside the releasing
chamber during the experiments. Anopheles stephensi also exhibited significant dose
dependent decrease in orientation response, in which 65%, 60% and 56% female
mosquitoes oriented away from the plume of 5000, 500 and 50 ppm EAB, respectively.
However, 26-28% female Anopheles stephensi mosquitoes did not get trapped
in any of the two treated upwind chambers throughout the experiments. While,
70%, 61% and 58% female Culex quinquefasciatus mosquitoes were signifi-
cantly repelled by the plume of 5000, 500 and 50 ppm EAB, respectively. The
number of Culex quinquefasciatus mosquitoes that did not respond throughout
the experiments was between 23 and 27%. The results have been shown in
Table 1.

Electroantennogram Responses

The EAG experiments were conducted to observe the sensitivity of peripheral olfactory
receptors on the antennae of Aedes aegypti, Anopheles stephensi and Culex
quinquefasciatus mosquitoes to novel EAB (Fig. 4). The stimulus was presented in
ascending order from lower to higher dose and the normalized EAG apparently
indicated a non-linear dose dependent response with increasing doses (Fig. 5). A ~ 2-
fold dose dependent EAG response at the highest dose of 5000 ppm was produced
compared to the solvent control by the antenna of Aedes aegypti. The responses
obtained in the EAG experiments were statistically non-significant. While, at the
highest dose, antennal preparation of Anopheles stephensi produced almost ~3-fold
higher response than the control and it was statistically significant. The EAG responses
of Culex quinquefasciatus revealed a ~ 2-fold higher dose dependent response at the
dose of 5000 ppm as compared to the response of solvent control but the response did
not vary significantly (Table 2).
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Fig. 4 Electroantennogram (EAG) responses of Aedes aegypti, Anopheles stephensi and Culex
quinquefasciatus to ethyl 2-aminobenzoate

Discussion

A repellent is a chemical odorant that produces a vapour barrier having an offensive taste
and smell causing a responder to actively steer away from the stimulus source. Despite
considerable advancement in the odorant research for reducing mosquito-borne disease
transmission, there are considerable drawbacks in the attractants and repellents available
currently for public use. In recent years, applicability of major essential oil based
repellents such as citronella oil, lemongrass oil, eucalyptus oil, etc., as well as synthetic
repellents such as diethyl phenyl acetamide (DEPA), diethyl benzamide (DEB), N,N-
diethyl-meta-toluamide (DEET), etc. in the current market has abridged noticeably, and
this can be attributed to their noxious effects, both on the environment and also on
different non-target organisms (Ghosh et al. 2012). Although, many of these
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Fig. 5 Correlation between mean electroantennogram (EAG) amplitude and different concentrations
of ethyl 2-aminobenzoate
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Table 2 Results of one-way ANOVA on electroantennogram responses of Aedes aegypti, Anophelese
stephensi and Culex quinquefasciatus to Ethyl 2-aminobenzoate

Electroantennogram responses (EAG)

Species Concentration EAG Amplitude
(ppm)
Control EAB p F R?
Aedes aegypti 50 0.19£0.13 0.31+0.15 >0.05 3.807 0.9344
500 0.34 +£0.21 >0.05
5000 0.39 +0.01 >0.05
Anopheles stephensi 50 0.16 £0.16 0.28 £0.25 >0.05 135.17 0.9976
500 0.32+0.19 >0.05
5000 0.55+0.06 <0.05
Culex 50 0.10 + 0.07 0.13 +£0.09 >0.05 1.443 0.9526
quinquefasciatus 500 0.16+0.13 >0.05
5000 0.21 +0.01 >0.05

EAB- Ethyl 2-aminobenzoate, p< 0.05 considered significant. All results are expressed as Mean + SD

formulations have been proved effective against mosquitoes and other biting insects but
have limited use in disease-inflicted tropical countries probably for aversion to use due
to their high cost, poor cosmetic quality and allied toxicity associated with their use
(Chattopadhyay et al. 2015; Ray 2015). Moreover, emerging problem of development
and spread of resistance against DEET, permethrin, deltamethrin, and other pyrethroids
has been a serious concern (Dusfour et al. 2015; Klun et al. 2004; Meepagala et al. 2016;
Stanczyk et al. 2010). Hence, there is an urgent need to identify environment friendly
odorants that are capable of replacing harmful chemical pesticides in an effort to control
different mosquito-borne diseases. The idea of using safer, better and economically
viable anti-mosquito formulations as alternative to the existing costly and com-
paratively less safe natural and synthetic counterparts could be an amicable solution to
scale down the negative impact on human health and environment (Dhiman et al. 2013).

EAB is a non-toxic compound that was recently revealed to elicit avoidance behaviour
with host seeking Aedes aegypti mosquitoes and its importance has primarily been revealed
as arepellent in a caged landing assay. In that assay, a non-contact version of the assay was
used by inserting a human hand protected by a net in a mosquito cage, while an
intermediate net treated with 10% EAB in acetone was used for the test. Thus, mosquitoes
had a choice between landing and not landing on the net surface (Kain et al. 2013).

In the present investigation, we tested whether the new repellent EAB would affect
(attraction/repellency) the host seeking behaviour of three major mosquito vectors. We
also extended the experiment to investigate the effect of EAB on the peripheral
olfactory receptors in the antenna of female Aedes aegypti, Anopheles stephensi and
Culex quinquefasciatus mosquitoes.

In our flight orientation experiments, the female mosquitoes displayed reduced/non-
preference to the odor plume of EAB by orienting a large numbers of female mosquitoes
away from the test chamber of olfactometer, which apparently revealed the repellent
property of EAB against three species of mosquitoes. Altogether, 63—75% female Aedes
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aegypti, 56-65% Anopheles stephensi and 58-70% Culex quinquefasciatus flew away
from the test chamber and entered the acetone treated solvent control chamber.
Although, most of the female mosquitoes flew upwind from the releasing chamber, a
small proportion of the mosquitoes did not respond to either of the odor plume of EAB
or the solvent. We presume that, availability of EAB at the high concentration might
have saturated the olfactory receptors of mosquitoes, which in turn have affected the
mosquito’s decision making to specific odor plume. The behavioural response of the
mosquitoes reported in the present investigation are comparable to those reported for
other standard repellents previously. A recent study demonstrated that DEET repelled
39% female Aedes aegypti mosquitoes at the dose of 10% w/v using a two-choice Y-tube
olfactometer (Afify et al. 2014). Furthermore, in another similar study conducted on the
orientation behaviour, DEET (2.5% w/v) showed moderate repellency against Aedes
aegypti (8.7%), Aedes albopictus (57.9%), Anopheles minimus (77.7%), and Culex
quinquefasciatus (21.%), mosquito species (Sathantriphop et al. 2014). DEET has been
used as a commercial repellent against mosquitoes and other hematophagous insect
since long and also used as standard in evaluating the repellent activity of the new test
compounds. Many studies have shown that DEET at low concentration elicits both
repellent and irritant effect against many known vector mosquito (Afify et al. 2014;
Sathantriphop et al. 2014; Tisgratog et al. 2011). Present results also demonstrate that the
tested compound was equally effective against all the three well known mosquito vector
species at considerably low concentrations range of 50-5000 ppm (0.005-0.5%), which
indicates that the test compound EAB could be a promising mosquito repellent.

EAG is an extensively used technique to reveal the olfactory responses in the insect
antenna to various volatile compounds (Seenivasagan et al. 2009, 2014). EAG exper-
iments enabled the detection of several volatiles and insect pheromones important
for host recognition and mating (Bezerra-Silva et al. 2016; Deletre et al. 2015;
Wang et al. 2016; Ye et al. 2016).

In our EAG experiments, the antennae of Aedes aegypti and Culex quinquefasciatus
elicited a dose dependent response and a ~ 2-fold fold increased EAG response was
obtained with the highest dose of 5000 ppm as compared to the acetone treated solvent
control. However, the results did not significantly differ from the control, which negates
the correlation between the orientation and EAG experiments. It would be worth men-
tioning that there is no direct link between EAG and behaviour responses, neither in terms
of response amplitude nor in terms of response orientation (attraction vs. repellency). A
compound showing repellency does not necessarily elicit EAG responses. Inconsistencies
found in the present investigation (e.g., between the behavioural and electrophysiological
responses) has also been reported in the previous studies, indicating the complex behav-
iour of the insects involved in the repellenty evaluation (Deletre et al. 2015; Wee et al.
2008; Williams et al. 2010). For example, Deletre et al. (2015) reported the electrophys-
iological and behavioural responses of some bioactive compounds such as geraniol,
citronellol, cinnamaldehyde, carvacrol, linalool, etc. against malaria vector Anopheles
gambiae. In their experiments, the EAG response to carvacrol was found relatively weak,
but strong behavioural responses to this compounds were observed. On the other hand,
mosquitoes exhibited relatively strong EAG responses to cuminaldehyde and linalool, but
were not repelled well by these compounds. Thus, these findings underscore the value of
using a variety of research approaches when studying complex behaviour such as
repellency at the level of the whole organism.

@ Springer



J Insect Behav (2017) 30:343-358 355

The data/voltage drop generated by the EAG system may be a result of the
summation of the activities in different types of receptor neurons with overlapping
response spectra, so that information is not obtained about the specificity of each
neuron type (Wibe 2004; Wibe et al. 1997). Moreover, EAGs are very crude and low
sensitivity measurement systems for odors in mosquitoes. It mainly picks up on the
responses from odors that activate a large number of neurons, while the missing
responses to odors that activate a small subset (Chen and Fadamiro 2007; Yang et al.
2009). EAB mainly acts via triggering the ionotropic receptor /r40a expressing neurons
of sacculus, in the antenna of fruit fly Drosophila. Even though, these receptors are
highly conserved across several species of insects including mosquitoes, their occur-
rence and numbers are yet to be determined. We presume that, these receptors might be
present in lesser number in the antenna of Aedes aegypti and Culex quinquefasciatus
but may be present in large numbers at other locations of mosquitoes such as maxillary
palps and proboscis due to which, probably significant dose dependent response in
flight orientation experiments was obtained. On the other hand, Anopheles stephensi
exhibited a dose dependent EAG response with the 50, 500 and 5000 ppm EAB.
However, the EAG response was found significant at 5000 ppm only. The dose
dependent EAG response and significant outcome may be due to the presence of most
diverse olfactory receptor neurons present in Anopheles species (Ray 2015). Presently,
although EAB has demonstrated comparable repellency to DEET, it could not elicit
similar electrophysiological responses. The results indicate that in addition to the
antennal reception, some other sensory neurons also play crucial role in determining
the repellency response of an insect. Previous investigations have reported a dose
dependent electrophysiological response of DEET in both Aedes aegypti and Culex
quinquefasciatus mosquitoes (Stanczyk et al. 2010; Syed and Leal 2008) However, the
DEET olfactory receptor neurons were found to display low sensitivity even at the high
dose in Anopheles, Aedes and Culex mosquitoes (Costantini et al. 2001; Ditzen et al.
2008; Pickett et al. 2008; Stanczyk et al. 2010; Syed and Leal 2008; Xu et al. 2014).

In the conclusion, we emphasize the inclusion of more efficient and sophisticated
system such as single cell recording (SCR) to reveal the specificity of each neuron type
of Aedes aegypti, Anopheles stephensi and Culex quinquefasciatus. We also stress on
the deliberate application of modern molecular and computational tools to enable
rigorous investigations of the mosquito olfactory system function considering the
odorant receptors neurons of maxillary palps and proboscis of all the three type of
mosquitoes. Although the results have revealed the repellent activity of EAB using
laboratory reared mosquitoes, but the repellent effects are needed to be evaluated under
field condition using wild mosquitoes to strengthen the present claim.
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