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APRESENTAÇÃO

A tecnologia encontra-se cada vez mais presente em nossas vidas, mudando 
completamente a nossa interação e percepção do mundo. No universo científico 
não é diferente, sobretudo por conta de o progresso tecnológico estar contribuindo 
constantemente no desenvolvimento de métodos de aquisição e análise de dados.  

Neste livro são apresentados vários trabalhos com métodos modernos de 
exploração de dados usando diferentes tecnologias nas Ciências Exatas e da Terra, 
alguns com resultados práticos, outros com métodos tecnológicos que auxiliam na 
tomada de decisão na ótica sustentável e outros com métodos de desenvolvimento 
para o ensino de tecnologias.

A obra “Ciências Exatas e da Terra: Exploração e Qualificação de Diferentes 
Tecnologias 2” aborda os mais diversos assuntos sobre a aplicação de métodos 
e ferramentas nas diversas áreas das engenharias e ciências sociais aplicadas a 
fim de divulgar métodos modernos de tecnologias aplicáveis, métodos sofisticados 
de análises de dados e melhorar a relação ensino aprendizado, sendo por meio 
de levantamentos teórico-práticos de dados referentes aos cursos ou através 
de propostas de melhoria nestas relações. Portanto, a obra possui um relevante 
conhecimento para profissionais que buscam estar atualizados e alinhados com as 
novas tecnologias.  

Raissa Rachel Salustriano da Silva-Matos
Nítalo André Farias Machado

Romário Martins Costa
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ABSTRACT: Mosquitoes vectors of tropical 
diseases such Aedes aegypti (Linnaeus, 1762), 
Aedes albopictus (Skuse, 1894) and Culex 
quinquefasciatus (Say, 1823) in a large part of 
Brazilian territory. These culicides are responsible 
for transmit different viruses and parasites leading 
to a huge problem of public health. The research 
group of Synthesis and Isolation of Pheromones 

(LaSIF - IQB - UFAL) has been working during 
the last years in scientific projects that can 
contribute for the control and surveillance of 
these mosquitoes that can transmit tropical 
diseases: Ae. aegypti, Ae. albopictus and Cx. 
quinquefasciatus with the objective to elaborate 
new control methodologies that cannot be 
harmful to environment. For the present paper, it 
was performed a study from the breeding water of 
Ae. aegypti, with the aim to identify the chemical 
substances that are present in the sample 
and then evaluate the biological activity of the 
identified compounds against pregnant mosquito 
females of Ae. aegypti.
KEYWORDS: Aedes aegypti; Dengue; 
Semiochemicals.

ISOLAMENTO E IDENTIFICAÇÃO DE 
SEMIOQUÍMICOS DO MOSQUITO Aedes 

(Stegomyia) aegypti (Linnaeus, 1762) 
UTILIZANDO A MICRO-EXTRAÇÃO EM 

FASE SÓLIDA (SPME)
RESUMO: Mosquitos vetores de doenças 
tropicais como Aedes aegypti (Linnaeus, 
1762), Aedes albopictus (Skuse, 1894) e Culex 
quinquefasciatus (Say, 1823) estão presentes 
em grande parte do território brasileiro. Esses 
culícideos são responsáveis por transmitirem 
diferentes vírus e parasitas levando a um grande 
problema de saúde pública. O grupo de Síntese 
e Isolamento de Feromônios (LaSIF – IQB - 
UFAL) tem trabalhado nos últimos anos em 
projetos científicos que possam a vir contribuir 
para o controle e vigilância destes mosquitos 
vetores de doenças tropicais: Ae. aegypti, Ae. 
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albopictus e Cx. quinquefasciatus, visando a elaboração de metodologias de controle 
que não sejam nocivas ao meio ambiente. Neste trabalho, foi realizado um estudo da 
composição química da água de criadouro de mosquitos Ae. aegypti, com o objetivo 
de identificar as estruturas dos compostos orgânicos contidos na amostra aquosa 
e testar esses compostos em relação a sua atividade biológica frente as fêmeas 
grávidas do mosquito.
PALAVRAS-CHAVE: Aedes aegypti; Dengue; Semioquímicos.

1 |  INTRODUCTION
Aedes (Stegomyia) aegypti (Linnaeus, 1762) and Aedes albopictus (Skuse, 

1894) are the vectors responsible for the transmission of several arboviruses, such 
as dengue fever, yellow fever, chikungunya and zika (KRAEMER et al., 2015).

Traditionally the combat to mosquitoes vectors of tropical diseases is 
performed through the intensive use of insecticides for the elimination of the adult 
form of Ae. aegypti and their immature forms. However, it was reported the insecticide 
resistance in populations of Ae. aegypti. (BRAGA & VALLE, 2007; OMS, 2009).

The use of semiochemicals has demonstrated to be an efficient and 
sustainable alternative in monitoring and control of mosquitoes that can transmit 
diseases since these substances can influence the ovipositional activity of the 
mosquitoes (NAVARRO-SILVA et al., 2009).

Taking in consideration the exposed scene, our research group has been 
performing studies with the objective of elaborate new methodologies for the control 
of Ae. aegypti that cannot be harmful to environment. For the present work, it was 
performed a study of the sample denominated larval water, which is constituted by 
immature forms of the mosquito in water, with the aim to identify the substances that 
are presents in the sample using the Solid Phase Micro-Extraction (SPME) and the 
Gas Chromatography Mass Spectrometry (GC/MS).

2 |  MATERIALS AND METHODS

2.1 Solid Phase Micro Extraction (SPME)
For the isolation of the organic compounds contained in larval water it was 

used the technique denominated Solid Phase Micro-Extraction (SPME), which is 
based in the utilization of a fiber constituted by a polymer: the fiber used in the 
present study was the polydimethylsiloxane (PDMS).

This type of extraction can be performed in two different ways, which are the 
extraction through headspace, where there is a space between the fiber and the 
sample and the extraction by immersion in which the fiber is immerged in the sample: 
both forms of extraction were employed in this work.
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After the period of two hours the fiber was removed from the recipient 
containing the sample and putted directly in a valve for thermic desorption and then 
it was performed the analysis using the methodology called Gas Chromatography 
Mass Spectrometer, with the aim to identify the chemical compounds that constitute 
the larval water.

2.2 Gas Chromatography Mass Spectrometer (GC/MS)
The Gas Chromatography is a physical technique of separation of the 

chemical constituents of a sample through the use of a gaseous mobile phase over a 
stationary sorbent. This methodology is used to separate volatile compounds which 
means that the examined analytes must have a vapor pressure that is reasonable at 
the separation temperature (AQUINO NETO & NUNES, 2003).

For this study it was used the following conditions: capillary column DB-1 (30 
m x 0.25 i.d.); electronic impact of 70 eV. The carrier gas employed was helium.

3 |  RESULTS AND DISCUSSION
The biological activity of the breeding water obtained from natural environments 

(without any kind of posterior treatment) was studied previously in bioassays with Ae. 
aegypti with the aim to verify the attractivity from the sample in front of the oviposition 
behavior of gravid females of the mosquito (BENTLEY; DAY, 1989). In this work it 
was executed a study using of the pupae phase which is an immature form of Ae. 
aegypti who proceeds the adult form (mosquito). The pupae utilized in this study 
was taken from initial breeding water and then were transferred to another recipient: 
when the adults emerged, the residual water was filtered with the intent of separate 
the organic (solid) material from the aqueous sample to be submitted for analysis.  

3.1 Extraction by Immersion

Figure 1: Chromatogram containing the peaks of the substances isolated through the 
immersion method.
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Peak Rt
(Min)

Similarity
(%)

Area 
(%)

Molecular 
Formula

Compound Name

1 23,875 86 4,88 C20H40O2 Eicosonoic acid
2 27,109 90 20,89 C18H22O4  1,2-benzenedicarboxylic acid
3 29,191 91 27,56 C18H34O2 (9Z)-octadecenoic acid
4 30,108 83 6,27 C16H30O2 9-hexadecenoic acid
5 30,727 84 9,71 C18H36O2 Octadecanoic acid
6 31,867 72 8,95 C18H36O2 9-Octacen-1-ol
7 32,238 74 10,08 C16H32O2 Hexadecanoic acid

Table 1: Substances isolated through the immersion method with their respective 
retention time.

Through the compounds listed in the table above can be highlighted some 
fatty acids such as (9Z)-octadecenoic acid, 9-hexadecenoic acid and octadecanoic 
acid. Predominantly the isolated substances were fatty acid with a medium chain 
from the transition of the immature phase (pupae) to the adult stage (mosquito). 
It is important to accentuate that these fatty acids were isolated in other studies 
involving the mosquito Ae. aegypti. GANESAN et al. (2006), in your work using the 
methanolic extract from eggs of Ae. aegypti isolated and identified the following fatty 
acids: dodecanoic acid, tetradecanoic acid, hexadecenoic acid, (9Z)-hexadecenoic 
acid, octadecanoic acid and (9Z)-octadecenoic acid. Also were identified the esters 
obtained from the esterification of the fatty acids obtained from the methanolic extract. 
These compounds were tested in biological assays in relation to the oviposition of 
gravid females of the mosquito Ae. aegypti: among the studied compounds, the 
dodecanoic acid and the (9Z)-hexadecenoic acid has demonstrated stimulating 
action for the oviposition in different concentrations. However, the studies from 
SHARMA et al. (2008) and SEENIVASAGAN et al. (2013) has resulted in positive 
responses in terms of selectivity of oviposition for the females of Ae. aegypti and 
also from females of Ae. albopictus when they made the use of esters with up to 21 
carbon atoms.

It is possible to observe the existence of a sign (2) in the chromatogram from 
a compound from phthalate class, which has originated from the plastic material 
used in the storage of the sample. Among the structure suggestions provided by 
the equipment the 1,2-benzenedicarboxylic acid was the compound that obtained a 
higher similarity in the thick of all the possible compounds that were signalized after 
analysis step.

3.2 Extraction by Headspace
The headspace technique was also employed for the extraction of the 
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volatile compounds contained in the sample with the objective to isolate the volatile 
substances existent in the sample. The following figure represents the chromatogram 
related to analysis:

Figure 2: Chromatogram containing the peaks of the chemical compounds isolated 
through the headspace method

Peak Rt
(Min)

Similarity
(%)

Area 
(%)

Molecular 
Formula

Compound Name

1 25,252 76 23,88 C7H12O2  2-heptenoíc acid

2 28,988 93 5,61 C18H34O2 (9Z)-octadecenoic acid

3 30,013 88 2,96 C18H36O2 Octadecanoíc acid

4 31,137 85 12,86 C3H8O Propan-2-ol

5 31,77 89 7,65 C11H22O Undecanal

6 32,424 94 18,02 C16H32O2 Hexadecanoic acid

7 32,238 71 10,08 C16H30O2 9-hexadecenoic acid

8 35,54 87 3,66 C18H36O2 Octadecanoic acid

Table 2: Substances isolated through the headspace method with their respective 
retention time.

The table above was built based in the compounds that showed higher 
intensity in the sign among all the exhibited compounds, in which can be highlighted 
the (9Z)-octadecenoic acid, the octadecanoic acid and the hexadecenoic acid: these 
compounds were also observed in the results from immersion analysis and thus 
these substances can be considered as possible attractants for the oviposition from 
Ae. aegypti.

After the identification stage of the compounds contained in the sample 
the results were compared with those that were found literature previously quoted 
making it chosen the oleic acid ((9Z)-octadecenoic acid) to be submitted for future 
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tests with Ae. aegyti.

4 |  CONCLUSION
After the extraction step of the organic compound presents in the breeding 

water of Ae. aegypti it was performed the analysis using the Gas Chromatography 
Mass Spectrometer (GC/MS). Among the identified compounds through the GC/MS 
analysis, the (9Z)-octadecenoic acid was chosen to be used in biological studies 
after the conduction of a bibliographic survey about the biological activity of the 
substance front of gravid females of the mosquito. 
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