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Abstract: Today, pest control by chemical treatment is the main strategy against pest 

insects. This article proposes to show how cyclic voltammetry of immobilized particles 

could be applied in the context of pest research by screening several compounds known to 

have an activity against a pest model as Aedes species. Aedes mosquitoes are vectors of 

many diseases that represent a threat to humans such as yellow fever and dengue fever in 

tropical environments. In order to develop innovative screening approaches for new 

pesticides we search molecules that can interact potentially with a pest model (Aedes 

species). We characterized electrochemically the mosquitoes using voltammetry of 

immobilized particles (VIMP) method and analyze modifications on its characteristic 

signals in contact of insecticides. 

Keywords: Pest, insecticides, Aedes aegypti mosquitoes, screening, voltammetry of 

immobilized particles (VIMP), cyclic voltammetry. 

 

 

Introduction 

The emerging resistance to insecticides is of primary concern. Pesticide discovery can follow two 

principal approaches. Assays performed on whole living insect and target-based approaches. The first 

ones have the advantage of allowing the discovery of drugs acting on unidentified targets but imply the 

use of insects alive. In another side, target-based approaches require much simpler equipment. 
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Between the different pest diseases, we choose the vector-borne ones as model for our study. Vector-

borne diseases are responsible for over 17% of infectious diseases, and cause more than one million 

deaths each year [1]. In 2019, according to World Health Organization, malaria transmitted by 

Anopheles mosquitoes, affected more than two hundred millions of people causing more than four 

hundred thousand deaths worldwide [1, 2]. Yellow fever and dengue fever, transmitted both by Aedes 

mosquitoes, are responsible for thirty thousand and forty thousand deaths respectively, worldwide 

every year [1, 3]. Dengue fever is the most common viral infection transmitted by mosquitoes of the 

genus Aedes. More than 3.9 billion people in more than 129 countries are at risk of contracting dengue 

[1, 4]. Other diseases transmitted by mosquitoes include Chikungunya virus fever, Zika virus fever, 

West Nile virus fever, Lymphatic filariasis and Japanese encephalitis [1] as shown in table 1.  

Table 1. Main mosquito vector-borne diseases 

Mosquito genus vector Transmitted diseases pathogen agent 

Aedes 

Chikungunya 
Virus 

Dengue 

Lymphatic filariasis Parasite 

Rift Valley fever 

Virus Yellow fever 

Zika 

Anopheles 
Lymphatic filariasis 

Parasite 
Malaria 

Culex 

Lymphatic filariasis Parasite 

Japanese encephalitis 
Virus 

West Nile fever 

Vector-borne diseases are preventable through the application of protective measures and community 

mobilization. Chemical treatment is the main strategy against disease transmission. This strategy 

consists in finding new compounds having an activity on mosquitoes’ behavior, using current 

techniques, then making products such as treated mosquito nets, insect repellents, coils and insecticide 

sprays [5] available to the population. Global reality shows that it is necessary to find new techniques 

and compounds to control these vectors. Targeting the olfactive apparatus may be a strategy to prevent 

from vector-borne diseases. In fact, several studies [6–8] have shown the importance of the role of 

olfaction in the orientation and behavior of insects for finding hosts and essential nutrients for survival, 

laying eggs, expressing social attributes and reproduction and avoiding enemies [7]. Many techniques 

have already been developed to study olfaction in insects [7]. Table 2 summaries their main 

advantages and inconveniences.  

Technics Benefits Inconveniences 
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Table 2. Technics for studying olfaction in insects. 

Moreover, many studies highlighted compounds that modify mosquito’s behavior. Some of those 

compounds are repellents and others are used for deterrence [15]. N, N-diethyl-3-methylbenzamide 

(DEET) is one of the most used insect repellents having the ability to act as a repellent even in the 

presence of substances that attract mosquitoes [16]. This compound also deters laying for three 

different mosquito species Aedes aegypti, Aedes albopictus, and Culex quinquefasciatus [15]. 

Although its extremely effectiveness, as some mosquitoes become addicted to this substance [17], it is 

therefore necessary to find new compounds. Other market-shared products as Icaridin and IR3535, 

which present less toxicity in their composition, have been employed especially for children over 6 

GC/GC–MS [7, 9] Excellent ability to detect odors 
Skilled operators 

needs 

Electronic nose [7] 

Small volume needs, 

High reliability, 

Quick response 

Single use of gas 

phase samples 

NIR spectrum technology [7] 

High sensitivity 

Performing simultaneous analysis 

and measurement of a variety of 

gases 

Impossibility of real-

time detection  

Biomimetic 

olfactory 

sensors  

Microcantilever 

biosensor [7] 

Small volume needs, 

Portability  

Easy assembly 

Unstability in liquid 

medium 

Electroantennography 

(EAG) techniques for 

insects [7] 

Providing guidance on attractants, 

lures and insect repellents 

Undetermination of 

odorant molecules 

concentrations 

based on quartz crystal 

devices [10, 11] 

High sensitivity 

Fast response speed 

Real time dynamic detection 

 

based on field effect 

transistors (FETs) [7] 

Quick response 

Very good selectivity 
 

based on 

microelectrodes [7] 

Allowing study of characteristics 

of the olfactory response of 

neurons 

Inability to show 

actual action between 

cells and ligands 

based on light 

addressable 

potentiometric sensors 

(LAPSs) [7] 

Easy flowing fluids measurements 

thanks to smooth surfaces 

Simple manufacturing 

Long service  

Addressable measurement at any 

location of the chip surface 

 

Electrochemical biosensor [7] 

Simple instrumentation 

Easy to use 

Quick response 

Lack of 

reproducibility 

Olfactory receptor cell 

electrochemical biosensor [12–14] 

Lifetime 

Stability 

Reproducibility 

Selectivity 

Inability of the 

method to reflect the 

interaction between 

receptors 
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months old and pregnant women [18, 19] although DEET proved more effective [20]. Afify et al. have 

tested three non-toxic compounds, Methyl N,N-dimethyl anthranilate (MDA), ethyl anthranilate (EA) 

and butyl anthranilate (BA), as compared to DEET and showed the repellent behavior of MDA, EA 

and the deterrent behavior of EA, BA [15]. Some bioactive molecules such as isovaleric acid, 

myristoleic acid, myristic acid and oct-1-en-3-ol may have potential applications as they could be used 

as a mosquitoes’ trap. In fact, among these compounds, the three acids constitute major compounds 

from larval extracts of Aedes aegypti species identified by Wang and colleagues [21] and oct-1-en-3-ol 

is known to be a positive control for Aedes mosquitoes attraction [5, 6, 16, 21–26]. 

For screening potential anti-mosquito’s compounds, voltammetry of immobilized particles (VIMP) 

method can be a useful tool. This solid-state electrochemical technique introduced in the late 1980s by 

Scholz et al. [27–30], has become an increasingly growing research field because of its high sensitivity 

and the possibility of application to a variety of fields such as screening of pharmacological drugs [31], 

monitoring of plant defense against external stressors [32],  identification and characterization of food 

dyes in food science [33] and other organic compounds in solid state [34–36]. This technique has been 

applied in the evaluation of solid-state electrochemical behavior of compounds, qualitative and semi-

quantitative determinations, monitoring of products derived from specific reactions, authentication and 

discrimination of several samples, and as quality control analytical tool [34]. VIMP has the assets to 

have an easy-to-build analytical set-up and low costs, to perform quick analyses with small amount of 

samples. VIMP has also proved to be in supporting and integrating other analytical techniques such as 

chromatography, spectroscopy [31, 32] contributing to the identification of new compounds or in-

depth study of reactions in various materials from organic applications. 

In the present work, we used VIMP with Aedes aegypti mosquitoes as a screening method to determine 

if molecules among isovaleric acid, myristoleic acid, myristic acid, oct-1-en-3-ol and commercial 

repellent active molecules may have an interaction with mosquito’s metabolites, and can be considered 

as a potential anti-mosquito (anti-pest) molecule. To best of our knowledge in the vector-born disease 

field, cyclic voltammetry has been used for dengue virus protein analysis [37] but no electrochemical 

work using VIMP with mosquitoes for such screening have been found. For our experiments, we 

performed cyclic voltammetry (CV) in a mosquitoes methanolic extract solution and in solid 

deposition as electrochemical analysis coupled with classical gas chromatography coupled with mass 

spectroscopy (GC–MS) characterization to identify mosquitoes’ metabolites. This study can be 

considered as a first step to the development of new target-based approaches for insecticidal activity 

studies. 

 

Materials and methods 

Chemicals 

The chemicals used included: isovaleric acid and oct-1-en-3-ol (purity ≥ 99%, Sigma Aldrich Inc., St-

Louis, MO, USA), for positive controls, meaning compounds which generated an antennal response in 

the presence of mosquitoes during the electroantennographic analysis; myristoleic acid and myristic 



            

 

 

5 

acid (purity ≥ 99%, Sigma Aldrich Inc., St-Louis, MO, USA) for negative controls; 

tetrabutylammonium hydrogensulfate, NBu4HSO4, (97%, Sigma Aldrich Inc., St-Louis, MO, USA) 

and methanol (purity ≥ 99%, Reag. Ph.Eur. ACS, VWR International, Fontenay-sous-Bois, France) for 

the electrolyte medium.  Three commercial mosquito repellents were used containing 48.5% of DEET, 

20% of Icaridin and 34.3% of IR3535 respectively.  

 

Mosquitoes  

A metapopulation of Aedes aegypti was established by sampling around private houses where the 

residents gave their permission for mosquito larvae collection. The sampling activities were conducted 

from July to August 2019 in the 5 following localities of Guadeloupe (French West Indies): Les 

Abymes, Pointe-à-Pitre, Deshaies, Saint-François, and Anse Bertrand. Experiments were performed on 

the 12th, 13th and 14th generation of this colony. Mosquitoes were maintained under laboratory 

conditions of 28 ± 1°C and a relative humidity of 40–60%. Larvae were reared at densities of 200–300 

larvae/L in dechlorinated tap water and were fed rabbit pellets. Adults were given ad libitum access to 

a 10% sucrose solution. For electrochemical analysis, mosquitoes were frozen at −4°C until death. 

Cyclic voltammetry analysis was performed on male and female Aedes aegypti mosquitoes, on male 

mosquitoes’ head, which was separated from the body using a microscope and a surgical blade, and on 

a mosquitoes extract solution.  

 

Mosquitoes extract solution 

 

The mosquitoes extract solution was prepared by placing 0.05g of Aedes aegypti male mosquitoes 

in 6mL of pure methanol. The mixture was stirred during 2h then filtered to remove mosquito’s parts. 

Around 0.15 g of NBu4HSO4 were dissolved leading to a concentration of 0.07 mol.L−1
 as supporting 

electrolyte, in the methanolic extract to obtain the final analytic extract solution.  

 

Electrochemical methods 

 

The parameters used for electrochemical analysis are similar to those chosen in the work of Domenech 

et al.[38]. Electrochemical experiments were performed at 298 ± 1K in a thermostated cell with CH 

I660 equipment. A typical three-electrode arrangement was used: a BAS MF2012 glassy carbon 

working electrode (GCE) (geometrical area 0.071 cm
2
), a platinum wire auxiliary electrode and an 

Ag/AgCl (3 M NaCl) reference electrode. The analytical medium is a 0.07 mol.L
−1

 NBu4HSO4 

solution in methanol (MeOH). The electrochemical measurements on solid deposit were performed on 

mosquito’s films by rubbing the lower end of the glassy carbon electrode over full-body or head 

mosquitoes sample and cleaned with a tissue paper in 6 mL of analytical medium. The classical 

electrochemical measurements was performed by immerging the three-electrode arrangement in the 

mosquitoes extract solution. Concentrations of isovaleric acid, oct-1-en-3-ol, myristoleic acid and 

myristic acid in the electrolyte solution were 10
−1

 mol.L
−1

, 10
−4

 mol.L
−1

, 10
−1

 mol.L
−1

 and 10
−3

 

mol.L
−1 

respectively. Commercial pesticides were added to the electrolyte solution leading to a 
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pesticide concentration of 10
−4

 mol.L
−1

 for the analysis. Cyclic voltammograms were recorded in the 

−1 to +1 V potential range initiating the potential scan at 0 V in the positive direction at a 20 mV.s
−1

 

scan rate.  

 

GC-MS method 

 

A Thermo Scientific GC–MS instrument (Trace 1310 GC and Exactive Orbitrap) operating in 

electronic ionization (EI) mode was used for the analysis. Helium 5.0 (Linde, France), He ≥ 99.999% 

purity was used as carrier gas at constant flow of 1 mL.min−1
. A Thermo Scientific TG-5SILMS 

capillary column (silarylene) was used for separation. The GC as operated in splitless mode with surge 

and the injection volume was 1 μL. Splitless time was set at 0.75 min, split flow at 30 mL.min−1
, 

septum purge was set at constant flow of 5.0 mL.min−1
. The injector temperature was 280°C, the 

transfer line was 320°C, then 300 °C (GC) and finally 280 °C (MS). The initial GC oven temperature 

of 40°C was held for 1 min, and then increased at a rate of 20°C.min−1
 until the final temperature of 

120°C was attained. Then increased at a rate of 5°C.min−1
 until the final temperature of 310°C was 

attained. Then increased at a rate of 10°C.min−1
 until the final temperature of 325°C was attained. 

Finally increased at a rate of 20°C.min−1
 until the final temperature of 345°C was attained. The time of 

the run was 46.5 min. The emission current was 50 µA and the electron energy was 70.0 eV. Tune and 

calibration was performed with perfluorotributylamine (FC 43), before each sequence. For 

identification, the following ions were monitored from full-scan mass spectrum. Xcalibur software was 

used for data acquisition and data were processed using Thermo ScientificTM TraceFinderTM 5.0 

software (deconvolution and identification of unknown substances). First, the peaks were 

deconvoluted to obtain pure mass spectra using the Deconvolution Plugin of the software. The spectra 

of the unique peaks in the sample were then compared with standard spectrum library NIST 2017 (2.3 

version) and in-house spectral libraries. After the deconvolution process, the results were filtered using 

the accurate mass information and by comparison of spectra from the libraries. So, a list of substances 

was established according to the comprehensive scores by using RHRF and RSI scores and ΔRI. 

RHRF score is the percentage of the number of ions in the spectrum libraries that can be explained by 

mass peaks in the total ion chromatogram of the sample spectrum. RSI is the reverse search index 

score for each compound detected returned by the libraries search. ΔRI is the deviation of retention 

index. Therefore, results are reliable when HRF and SI values are high and ΔRI is low.  

Before sample analysis, the mixed solution of C8-C40 alkanes calibration standard was analyzed using 

the same separation method to determine the retention time of each n-alkane, which was used to 

calculate the retention index (Kovats Index, RI) of unknown substances. The deviation of retention 

index, ΔRI, was finally calculated by comparing it with the retention index of compounds included in 

the libraries.  

 

 

 

Results and discussion 

 

Mosquito’s samples without pesticides: electrochemical analysis  
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Figure 1. Cyclic voltammograms  of female mosquito’s full body deposit (dash line) and male 

mosquito’s full body deposit (solid line) onto glassy carbon electrode, in contact with air-

saturated 0.07 mol.L−1
 NBu4HSO4 solution in MeOH. Potential scan rate is 20 mV.s−

1
. 

 

Figure 1 represents cyclic voltammetry measurements obtained in the electrolytic medium without and 

with female and male mosquitoes. All curves present a huge peak at around −0.8 V which characterize 

the oxygen reduction reaction forming a superoxide ion in aprotic organic solvents [39] as shown in 

equation 1. 

O2 + e
−
    O2

•−
                                                                     (equation 1) 

In the presence of weak Brönsted acids such as H2O, the radical hydroperoxide is formed [40] 

according to equation (2). This species rapidly disproportionate in the presence of protic substrates into 

O2 and H2O2 (equation 3): 

O2
•− 

+ H2O    HO2
•
 + HO

− 
               (equation 2) 

HO2
•
 + HO2

•
   H2O2 + O2                                                                                         (equation 

3) 

 In fact, experiments were performed in natural conditions with a certain amount of dissolved oxygen 

in the methanolic medium. This specific peak was also observed in the work of Jiang and Li [41] and 

elsewhere [39, 42, 43]. In both mosquitoes’ curves, a broad reduction peak around −0.1 V is observed 

followed by a plateau spreading out to −0.5 V. Both genders seem to present the same electroactive 

molecules. The difference in intensity in the cathodic peaks can be explained by different amount of 

the sample mosquito transferred onto the electrode. In fact, indeed, repeatability/reproducibility 

measurements show that the peaks are located at the same potential but have variable absolute 

intensities (Figure S1).  
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Figure 2. Cyclic voltammograms of mosquito’s head deposit (dot line) and mosquito’s full body 

deposit (solid line) onto glassy carbon electrode, in contact with air-saturated 0.07 mol.L−1
 

NBu4HSO4 solution in MeOH. Potential scan rate is 20 mV.s
−1

. 

 

Figure 2 shows cyclic voltammetry measurements obtained with mosquitos’ full body and head. The 

two curves present the same shape with the signal at −0.1 V followed by the plateau. We may say that 

the electro-active molecules of the mosquito's head are therefore identical to those of the rest of the 

body. The difference in signal intensity may be due to the small amount of material that a mosquito 

head represents.  

 

To identify the electroactive molecule of the mosquito, we compared the CVs of the solid deposition 

and the methanolic extract as shown on Figure 3.  

A difference of 70 mV can be observed between the signal of the mosquito molecule in the liquid 

phase, at −0.12 V, and in the solid phase, at −0.05 V. This shift is not surprising in cyclic voltammetry 

when comparing the signals of organic molecules in solid deposit and in solution, the shape of the 

curves being sometimes very different [44] considering the film/electrolyte/base electrode three phase 

boundary [45, 46]. Moreover, the intensity ratio between the peak at −0.1 V and −0.8 V is higher in the 

solid deposite than in methanolic solution. This indicates that the catalytic efficiency of pyrazine (and 

other possible compounds with electrocatalytic activity in O2 reduction) is higher in the solid phase 

than in solution. 
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Figure 3. Cyclic voltammograms of mosquito’s full body deposit (solid line) onto glassy carbon 

electrode in contact with air-saturated 0.07 mol.L−1
 NBu4HSO4 solution in MeOH and 

mosquitoes air-saturated methanolic extract (dot line). Potential scan rate is 20 mV.s
−1

. 

 

 

 

 

 

 

Figure 4. Cyclic voltammograms of mosquito’s air-saturated methanolic extract obtained the 

death day (solid line), and twenty five days after death (dash line). Potential scan rate is 20 

mV.s
−1

. 
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Figure 4 presents cyclic voltammetry measurements obtained at zero and twenty five days after 

mosquitoes’ death with, in insert, a zoom in electroactive species of mosquitoes. The intensity of the 

peak around −0.1V and the intensity ratio between the pyrazine and oxygen reduction signals remains 

similar any days after death. It seems that this electroactive molecule is stable after the death of the 

mosquito in the case that mosquitoes are kept cold between each analysis in order to study compounds 

that can interact with these electroactive molecules.  

 

Mosquitos’ samples without pesticides: GC-MS analysis  

 

Table 3 presents a selection of metabolites identified results of the preliminary analysis of the chemical 

composition of mosquito’s extract. The identification was done by comparison with GC−MS library in 

the mosquito’s methanol extract. Between the identified compounds, several natural pyrazines, fatty 

acids and -sitosterol were found. Only compounds showing total scores above 85 % and retention 

index (RI) values close to that reported in databases according to a semi-standard non-polar 

chromatographic column were considered. Following this identification, the mosquito’s characteristic 

peak may be attributed to pyrazine derivatives reduction reaction in non-aqueous solvents as shown in 

equation 4.  

 

                        (equation 4) 

 

H
+
 protons may be provided by fatty acids presents in mosquitoes’ metabolites. 

 

This type of molecules have been studied electrochemically in aqueous media [47–49] and, in general, 

the redox process in organic compounds involves protonation/deprotonation and it can produce intra- 

and intermolecular restructure by hydrogen bonding [50]. 

Focusing on natural pyrazines, these compounds are described in insects and their activities are related 

with alerting signals and insects’ behaviour [51].   

 

 

 

Table 3. Metabolites identified by GC/MS analysis  

Component Name 

Calculated 

Retention 

Index 

Library 

Retention 

Index 

Retention 

Time (min) 

Reference 

m/z 
Area (a.u.) 

Total 

score 

Pyrazine, 2,5-dimethyl- 

 

903 917 4,5 108,068 8003724 96,9 

Pyrazine, 2,6-dimethyl- 

 

929 917 4,8 108,068 34798029 96,6 
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5H-5-Methyl-6,7-

dihydrocyclopentapyrazine 

 

1158 1149 7,0 119,060 2377813 98 

Methyl hexadec-9-enoate 

 

1911 1904 20,9 81,069 72299026 96,5 

Hexadecanoic acid, methyl ester 

 

1933 1926 21,3 87,044 211079484 95,6 

9-Octadecenoic acid, methyl ester, (E) 

 

2107 2110 24,6 81,069 96151768 96,7 

13-Octadecenoic acid, methyl ester, (Z) 

 

2113 2126 24,7 81,070 4486443 95,9 

-sitosterol 

 

3336 3321 42,2 145,101 23363032 96,9 

 

Mosquito’s samples with pesticides: electrochemical analysis  
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Figure 5. a) The compounds topologic formula b) Cyclic voltammograms of different 

compounds: isovaleric acid (dash line), myristic acid (solid line), myristoleic acid (empty dash 

line) and oct-1-en-3-ol (dot line) in air-saturated 0.07 mol.L−1
 NBu4HSO4 solution in MeOH. 

Potential scan rate is 20 mV.s
−1

.  

 

Figure 5 shows cyclic voltammograms of positive controls, isovaleric acid (dash line) and oct-1-en-3-

ol (dot line), and negative controls, myristic acid (solid line) and myristoleic acid (empty dash line). 

The oxygen peak shape at −0.8 V is modified in presence of these compounds. Isovaleric acid and 

myristoleic acid (highest concentrations) induce a strong changes in the oxygen reduction peak 

compared with oct-1-en-3-ol and myristic acid, which are presents at a lower concentration. This effect 

may be explained by oxygen reduction reaction involving proton-donor species in non-aqueous 

solvents as shown in equations 5 and 3 [43, 52] as explained before in the case of protic solvents.  

O2 + H
+
 + e

−
    HO2

•
                                   (equation 5) 
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Figure 6. Cyclic voltammograms of mosquito’s full body deposit onto glassy carbon electrode, in 

contact with air-saturated 0.07 mol.L−1
 NBu4HSO4 solution in MeOH without (dot line) and with 

(solid line) the different compounds. Potential scan rate is 20 mV.s
−1

.
 
In insert, a zoom on the 

region from -0.3 V to 0.3 V. 

 

Figure 6 presents cyclic voltammograms of mosquito’s full body deposit onto glassy carbon electrode 

obtained without and with positive controls, isovaleric acid and oct-1-en-3-ol, and negative controls, 

myristic acid and myristoleic acid. The mosquito’s characteristic signals located at −0.1 V is identified 

in all cyclic voltammograms. The ratio between the intensity of the peak at −0.1 V and the plateau 

intensity is higher in presence of isovaleric acid. In the presence of myristic acid, the mosquito specific 

signal at −0.1 V significantly decreases. For both molecules, this mosquito cathodic peak is 

accompanied, in the reverse scan, by a weak anodic peak at ca. +0.05 V, as seen in Figure 5. Cyclic 

voltammograms obtained with myristoleic acid and 1-octen-3-ol show also a significant decreasing of 

the mosquito cathodic peak intensity at −0.1 V without an associated anodic peak in the reverse scan. 

The presence of the weak anodic signal may be assigned either to the oxidation of isovaleric acid and 

myristic acid in excess or to a new oxidizable compound resulting from a reaction between the 

mosquitoes molecules and the acids (for example, a chemical reaction with pyrazine).  

Isovaleric acid is a positive control because of its antennal response during electrophysiological tests 

[23]. Behavior studies have shown that this compound, in high doses, informs females that a site is 

unsuitable for breeding. The presence of isovaleric acid indicates high bacterial activity in the breeding 

site [23]. Those results may indicate that the antennal response is described by a modification of 

relative intensity of the mosquito's electrochemical signals. Previous research has shown that myristic 

acid does not influence mosquito oviposition and does not elicit an antennal response [23]. The 

decreasing in the electrochemical signal of mosquitoes in the presence of myristic acid could indicate 
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that this compound which interact with the mosquito’s electro-active molecules does not necessarily 

have a specific activity against the mosquito.  Myristoleic acid is considered as a negative control. It is 

a cytotoxic compound that acts as a plant metabolite, apoptosis inducer [53] and carboxylesterase 

inhibitor [54]. In the literature, myristoleic acid deters mosquito laying. However, during 

electroantennographic experiments, this compound does not elicit an antennal response [23]. 

Myristoleic acid may have an interaction with the mosquito, and this interaction could be a cause of 

the deterrent behavior. Electrophysiological tests and behavior studies have shown that 1-octen-3-ol is 

a positive control [16, 17]. This molecule is used in several studies on mosquito olfaction. It acts as an 

attractant for insects [22] and is used for their capture. Results presented on these CVs curves may be 

an indication of a modification of the mosquito's electrochemical signals. 

 

 

 

 

Figure 7. a) The commercial compounds topologic formula b) Cyclic voltammograms of 

mosquito’s full body deposit onto glassy carbon electrode, in contact with air-saturated 0.07 

mol.L−1
 NBu4HSO4 solution in MeOH without (solid line) and with the different repellant 
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compounds: DEET (dot line), Icaridin (dash line) and IR3535 (empty dash line). Potential scan 

rate is 20 mV.s
−1

. 

 

Figure 7 represents the topological formulas and the cyclic voltammetry curves obtained from 

mosquitoes in the presence of marketed molecules in mosquito repellents. It can be seen that, as 

myristic acid, myristoleic acid and oct-1-en-3-ol, the intensity of mosquito’s characteristic peak 

decreases with DEET and IR3535 which may explain their repellent character. Unlike the other two 

commercial molecules, Icaridin seems to have no effect on the mosquito's electroactive molecules.  

 

 

Conclusion 

 

We worked on the development of a CV-based screening method for the detection of compounds 

active against the Aedes aegypti mosquitoes. An unidentified mosquito’s electroactive molecule (or 

pool of molecules) displays a significant signal at around −0.1 V, in solid and liquid phase. 

A preliminary analysis of the chemical composition of the mosquito was done. Several natural 

pyrazines, fatty acids and steroids were identified by GC/MS. The confirmation of the identification is 

currently in progress. 

Compounds such as 1-octen-3-ol and isovaleric acid, considered positive in electrophysiological tests, 

seem to show a modification in the CV signals characteristic of the mosquito. Myristoleic acid is a 

special case because it is inactive in electroantennography and positive in mosquito behavioral tests. 

This compound modifies the characteristic CV signals of the mosquito and according to our criteria is 

positive for our screening. Analysis with commercial repellents showed the effect of DEET and 

IR3535 on mosquito’s signal compared with Icaridin. The results obtained during this preliminary 

study show the potential of CV for the development of alternative screening methods for the research 

of new pesticidal molecules. 

  

 

Acknowledgments 

Research ProJet funded by Interreg Caraïbes program (Projet CARIBPHLORE). This work was 

realized with the help of Anubis Vega-Rùa and Margaux Mulatier (Laboratory of Vector Control 

Research, Institute Paster of Guadeloupe), who supply the mosquitoes and the molecules tested during 

this research and contribute to the discussion of the results. 

 

References  

1.  World Health Organization (2020) Vector-borne diseases. https://www.who.int/news-room/fact-

sheets/detail/vector-borne-diseases 

2.  World Health Organization (2021) Malaria. https://www.who.int/news-room/fact-

sheets/detail/malaria 



            

 

 

16 

3.  World Health Organization (2019) Yellow fever. https://www.who.int/news-room/fact-

sheets/detail/yellow-fever 

4.  World Health Organization (2021) Dengue and severe dengue. https://www.who.int/news-

room/fact-sheets/detail/dengue-and-severe-dengue 

5.  Yang L, Norris EJ, Jiang S, et al (2020) Reduced effectiveness of repellents in a 

pyrethroid‐ resistant strain of Aedes aegypti (Diptera: culicidae) and its correlation with olfactory 

sensitivity. Pest Manag Sci 76:118–124. https://doi.org/10.1002/ps.5562 

6.  Deng Y, Yan H, Gu J, et al (2013) Molecular and Functional Characterization of Odorant-

Binding Protein Genes in an Invasive Vector Mosquito, Aedes albopictus. PLoS ONE 8:e68836. 

https://doi.org/10.1371/journal.pone.0068836 

7.  Lu D, Lu F, Geng L, Pang G (2018) Recent Advances in Olfactory Receptor (OR) Biosensors 

and Cell Signaling Cascade Amplification Systems. Sensors and Materials 30:67. 

https://doi.org/10.18494/SAM.2018.1607 

8.  Leal WS (2013) Odorant Reception in Insects: Roles of Receptors, Binding Proteins, and 

Degrading Enzymes. Annu Rev Entomol 58:373–391. https://doi.org/10.1146/annurev-ento-

120811-153635 

9.  Tchouassi DP, Jacob JW, Ogola EO, et al (2019) Aedes vector–host olfactory interactions in 

sylvatic and domestic dengue transmission environments. Proc R Soc B 286:20192136. 

https://doi.org/10.1098/rspb.2019.2136 

10.  Sung JH, Ko HJ, Park TH (2006) Piezoelectric biosensor using olfactory receptor protein 

expressed in Escherichia coli. Biosensors and Bioelectronics 21:1981–1986. 

https://doi.org/10.1016/j.bios.2005.10.002 

11.  Bohbot JD, Vernick S (2020) The Emergence of Insect Odorant Receptor-Based Biosensors. 

Biosensors 10:26. https://doi.org/10.3390/bios10030026 

12.  Cheema JA, Aydemir N, Carraher C, et al (2021) Insect odorant receptor nanodiscs for sensitive 

and specific electrochemical detection of odorant compounds. Sensors and Actuators B: 

Chemical 329:129243. https://doi.org/10.1016/j.snb.2020.129243 

13.  Szunerits S, Boukherroub R, Vasilescu A (2020) Electrochemical biosensing with odorant 

binding proteins. In: Methods in Enzymology. Elsevier, pp 345–369 

14.  Khadka R, Aydemir N, Carraher C, et al (2019) An ultrasensitive electrochemical impedance-

based biosensor using insect odorant receptors to detect odorants. Biosensors and Bioelectronics 

126:207–213. https://doi.org/10.1016/j.bios.2018.10.043 

15.  Afify A, Horlacher B, Roller J, Galizia CG (2014) Different Repellents for Aedes aegypti against 

Blood-Feeding and Oviposition. PLoS ONE 9:e103765. 

https://doi.org/10.1371/journal.pone.0103765 

16.  Stanczyk NM, Brookfield JFY, Ignell R, et al (2010) Behavioral insensitivity to DEET in Aedes 

aegypti is a genetically determined trait residing in changes in sensillum function. Proceedings of 

the National Academy of Sciences 107:8575–8580. https://doi.org/10.1073/pnas.1001313107 



            

 

 

17 

17.  Stanczyk NM, Brookfield JFY, Field LM, Logan JG (2013) Aedes aegypti Mosquitoes Exhibit 

Decreased Repellency by DEET following Previous Exposure. PLoS ONE 8:e54438. 

https://doi.org/10.1371/journal.pone.0054438 

18.  Nentwig G, Frohberger S, Sonneck R (2017) Evaluation of Clove Oil, Icaridin, and Transfluthrin 

for Spatial Repellent Effects in Three Tests Systems Against the Aedes aegypti (Diptera: 

Culicidae). J Med Entomol 54:150–158. https://doi.org/10.1093/jme/tjw129 

19.  Tavares M, da Silva MRM, de Oliveira de Siqueira LB, et al (2018) Trends in insect repellent 

formulations: A review. International Journal of Pharmaceutics 539:190–209. 

https://doi.org/10.1016/j.ijpharm.2018.01.046 

20.  Gomes Fernandes MR, Cruz Lopes L, Suguimoto Iwami R, et al (2021) Efficacy and safety of 

repellents marketed in Brazil against bites from Aedes aegypti and Aedes albopictus: A 

systematic review. Travel Medicine and Infectious Disease 44:102179. 

https://doi.org/10.1016/j.tmaid.2021.102179 

21.  Wang F, Delannay C, Goindin D, et al (2019) Cartography of odor chemicals in the dengue 

vector mosquito (Aedes aegypti L., Diptera/Culicidae). Sci Rep 9:8510. 

https://doi.org/10.1038/s41598-019-44851-7 

22.  Xu P, Zhu F, Buss GK, Leal WS (2015) 1-Octen-3-ol – the attractant that repels. F1000Res 

4:156. https://doi.org/10.12688/f1000research.6646.1 

23.  Boullis A, Mulatier M, Delannay C, et al (2021) Behavioural and antennal responses of Aedes 

aegypti (l.) (Diptera: Culicidae) gravid females to chemical cues from conspecific larvae. PLoS 

ONE 16:e0247657. https://doi.org/10.1371/journal.pone.0247657 

24.  Bohbot JD, Durand NF, Vinyard BT, Dickens JC (2013) Functional Development of the Octenol 

Response in Aedes aegypti. Front Physiol 4:. https://doi.org/10.3389/fphys.2013.00039 

25.  Paluch G, Bartholomay L, Coats J (2010) Mosquito repellents: a review of chemical structure 

diversity and olfaction. Pest Manag Sci 66:925–935. https://doi.org/10.1002/ps.1974 

26.  Nyasembe VO, Tchouassi DP, Pirk CWW, et al (2018) Host plant forensics and olfactory-based 

detection in Afro-tropical mosquito disease vectors. PLoS Negl Trop Dis 12:e0006185. 

https://doi.org/10.1371/journal.pntd.0006185 

27.  Scholz F, Nitschke L, Henrion G, Damaschun F (1989) Abrasive stripping voltammetry — the 

electrochemical spectroscopy for solid state: application for mineral analysis. Z Anal Chem 

335:189–194. https://doi.org/10.1007/BF00522248 

28.  Scholz F, Nitschke L, Henrion G (1989) Identification of solid materials with a new 

electrochemical technique — the abrasive stripping analysis. Z Anal Chem 334:56–58. 

https://doi.org/10.1007/BF00481974 

29.  Scholz F, Nitschke L, Henrion G (1989) A new procedure for fast electrochemical analysis of 

solid materials. Naturwissenschaften 76:71–72. https://doi.org/10.1007/BF00396709 

30.  Scholz F, Nitschke L, Henrion G, Damaschun F (1989) A technique to study the electrochemistry 

of minerals. Naturwissenschaften 76:167–168. https://doi.org/10.1007/BF00366398 



            

 

 

18 

31.  da Silveira GD, Bressan LP, Schmidt MEP, et al (2020) Electrochemical behavior of 5-type 

phosphodiesterase inhibitory drugs in solid state by voltammetry of immobilized microparticles. J 

Solid State Electrochem 24:1999–2010. https://doi.org/10.1007/s10008-020-04533-1 

32.  Doménech-Carbó A, Cebrián-Torrejón G, Lopes-Souto A, et al (2015) Electrochemical ecology: 

VIMP monitoring of plant defense against external stressors. RSC Adv 5:61006–61011. 

https://doi.org/10.1039/C5RA11336A 

33.  Durigon AMM, da Silveira GD, Sokal FR, et al (2020) Food dyes screening using 

electrochemistry approach in solid state: the case of sunset yellow dye electrochemical behavior. 

J Solid State Electrochem 24:2907–2921. https://doi.org/10.1007/s10008-020-04678-z 

34.  da Silveira GD, Di Turo F, Dias D, da Silva JAF (2020) Electrochemical analysis of organic 

compounds in solid-state: applications of voltammetry of immobilized microparticles in 

bioanalysis and cultural heritage science. J Solid State Electrochem 24:2633–2652. 

https://doi.org/10.1007/s10008-020-04720-0 

35.  Doménech-Carbó A (2020) Voltammetry of immobilized particles for the future. J Solid State 

Electrochem 24:2063–2065. https://doi.org/10.1007/s10008-020-04562-w 

36.  Inzelt G (2002) Cyclic voltammetry of solid diphenylamine crystals immobilized on an electrode 

surface and in the presence of an aqueous solution. J Solid State Electrochem 6:265–271. 

https://doi.org/10.1007/s100080100223 

37.  Anusha JR, Kim BC, Yu K-H, Raj CJ (2019) Electrochemical biosensing of mosquito-borne viral 

disease, dengue: A review. Biosensors and Bioelectronics 142:111511. 

https://doi.org/10.1016/j.bios.2019.111511 

38.  Doménech-Carbó A, Cebrián-Torrejón G, Lopes-Souto A, et al (2015) Electrochemical ecology: 

VIMP monitoring of plant defense against external stressors. RSC Adv 5:61006–61011. 

https://doi.org/10.1039/C5RA11336A 

39.  Sawyer DT, Chiericato G, Angelis CT, et al (1982) Effects of media and electrode materials on 

the electrochemical reduction of dioxygen. Anal Chem 54:1720–1724. 

https://doi.org/10.1021/ac00248a014 

40.  Cofre P, Sawyer DT (1986) Electrochemical reduction of dioxygen to perhydroxyl (HO2.cntdot.) 

in aprotic solvents that contain Broensted acids. Anal Chem 58:1057–1062. 

https://doi.org/10.1021/ac00297a017 

41.  Jiang M, Li L, Zhu D, et al (2014) Oxygen reduction in the nanocage of metal–organic 

frameworks with an electron transfer mediator. J Mater Chem A 2:5323–5329. 

https://doi.org/10.1039/C3TA15319C 

42.  El-Deab MS, Okajima T, Ohsaka T (2003) Electrochemical Reduction of Oxygen on Gold 

Nanoparticle-Electrodeposited Glassy Carbon Electrodes. J Electrochem Soc 150:A851. 

https://doi.org/10.1149/1.1574806 

43.  Qu J, Shen Y, Qu X, Dong S (2004) Preparation of hybrid thin film modified carbon nanotubes 

on glassy carbon electrode and its electrocatalysis for oxygen reduction. Chem Commun 34–35. 

https://doi.org/10.1039/B311038A 



            

 

 

19 

44.  Cebrián-Torrejón G, Doménech-Carbó A, Scotti MT, et al (2015) Experimental and theoretical 

study of possible correlation between the electrochemistry of canthin-6-one and the anti-

proliferative activity against human cancer stem cells. Journal of Molecular Structure 1102:242–

246. https://doi.org/10.1016/j.molstruc.2015.08.042 

45.  Oldham KB (1998) Voltammetry at a three-phase junction. Journal of Solid State 

Electrochemistry 2:367–377. https://doi.org/10.1007/s100080050113 

46.  Lovrić M, Scholz F (1997) A model for the propagation of a redox reaction through 

microcrystals. Journal of Solid State Electrochemistry 1:108–113. 

https://doi.org/10.1007/s100080050030 

47.  Klatt LN, Rouseff RL (1972) Electrochemical reduction of pyrazine in aqueous media. J Am 

Chem Soc 94:7295–7304. https://doi.org/10.1021/ja00776a009 

48.  Brolo AG, Irish DE (1997) SERS study of the electrochemical reduction of pyrazine on a silver 

electrode. Faraday Trans 93:419–423. https://doi.org/10.1039/a605416a 

49.  Wang R, Okajima T, Kitamura F, et al (2004) Catalytic Reduction of O 2 by Pyrazine 

Derivatives. J Phys Chem A 108:1891–1899. https://doi.org/10.1021/jp036024k 

50.  Doménech A, Doménech-Carbó MT, Vázquez de Agredos Pascual ML (2007) 

Indigo/Dehydroindigo/Palygorskite Complex in Maya Blue: An Electrochemical Approach. J 

Phys Chem C 111:4585–4595. https://doi.org/10.1021/jp067369g 

51.  Woolfson A, Rothschild M (1990) Speculating about pyrazines. Proc R Soc Lond B 242:113–

119. https://doi.org/10.1098/rspb.1990.0113 

52.  Chin DH, Chiericato G, Nanni EJ, Sawyer DT (1982) Proton-induced disproportionation of 

superoxide ion in aprotic media. J Am Chem Soc 104:1296–1299. 

https://doi.org/10.1021/ja00369a025 

53.  Iguchi K, Okumura N, Usui S, et al (2001) Myristoleic acid, a cytotoxic component in the extract 

fromSerenoa repens, induces apoptosis and necrosis in human prostatic LNCaP cells. Prostate 

47:59–65. https://doi.org/10.1002/pros.1047 

54.  Crow JA, Herring KL, Xie S, et al (2010) Inhibition of carboxylesterase activity of THP1 

monocytes/macrophages and recombinant human carboxylesterase 1 by oxysterols and fatty 

acids. Biochimica et Biophysica Acta (BBA) - Molecular and Cell Biology of Lipids 1801:31–41. 

https://doi.org/10.1016/j.bbalip.2009.09.002 

 

   

  



            

 

 

20 

 

Supporting information  
 

 

 

 

Figure S1. CV with a potential sweep from a) 1 V to -1 V and b) -1 V to 1 V. 

 

 

 


