Potential of Mentha pulegium for mosquito control
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ABSTRACT

Vector control remains an important strategy to fight mosquito-borne diseases, like malaria and dengue. Anopheles spe-
cies are responsible for vast distribution of malaria, mainly in tropical areas, with dramatic infant morbidity and mor-
tality. Aedes aegypti, the main vector of dengue, has a wide and expanding geographical distribution. It was found in
Madeira Island, Portugal, in 2005, and in 2012 the first local dengue outbreak occurred. Also, in the African archipelago
of Cape Verde, the first dengue epidemic in 2009, demonstrated that dengue virus is expanding. Phytochemicals offer
not only effective mosquito control products, but are also biorational alternatives to organic synthetic pesticides. These
chemicals from natural sources, with a high degree of biodegradation, are environmentally sound control agents. In
the present study, Mentha pulegium essential oils (EOs) were assessed for larvicidal effects on third instar larvae of Ano-
pheles atroparvus, Anopheles gambiae, Anopheles stephensi and Aedes aegypti, (from Madeira and Cape Verde). The EOs che-
mical composition of M. pulegium from Portugal and Cape Verde was determined by *C NRM and GC, GC-MS analysis.
Larvicidal effect was observed on all species assayed with the strongest effect on Ae. aegypti from Cape Verde Islands.
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RESUMO

O controlo vetorial continua preponderante no combate as doengas transmitidas por mosquitos, tais como malaria e
dengue. Anopheles spp. sao responsaveis pela vasta distribui¢do de maldria, sobretudo em areas tropicais, causa de
elevada morbilidade e mortalidade infantil. Aedes aegypti, o principal vetor da dengue, tem ampla distribui¢ao geogra-
fica, tendo sido encontrado, na Ilha da Madeira, em Portugal em 2005, e em 2012 ocorreu o primeiro surto. Em Cabo
Verde, a primeira epidemia de dengue ocorreu em 2009 demonstrando que o virus da dengue continua em expansao.
Fitoquimicos sdo potenciais alternativas aos pesticidas organicos sintéticos, sendo eficazes no controlo de mosquito.
Produtos quimicos, obtidos a partir de fontes naturais, sdo agentes de controlo com elevado grau de biodegradabilida-
de, comportando menos riscos ambientais. Neste estudo, os 6leos essenciais (OEs) de Mentha pulegium foram testados
em larvas de terceiro estadio de Anopheles atroparvus, Anopheles gambiae, Anopheles stephensi e Aedes aegypti (da Madeira
e Cabo Verde). A composicao quimica dos OEs de M. pulegium de Portugal e Cabo Verde foi determinada por andlise
RMN de "C, por CG e CG-EM. O efeito larvicida foi observado em todas as espécies, sendo maior nas larvas de Ae.
aegypti de Cabo Verde.

Palavras Chave: Aedes, Anopheles, controlo vetorial, 6leos essenciais
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Introduction

Mosquitoes are vectors of diseases like malaria,
dengue and yellow fevers, Japanese encephalitis
and filariasis (Gubler, 1998). More than 2.5 million
people die from malaria each year, over 75% of
them are African children, dengue fever is a debi-
litating and possibly fatal disease affecting betwe-
en 50,000 to 100,000 people, being responsible for
25,000deaths/year (WHO, 2012). As a consequence
of the public health burden, mosquito-borne di-
seases have a negative economic impact with loss
in commercial and labor outputs, particularly in
countries with tropical and subtropical climates.
However, no part of the world is free from vector-
-borne diseases (Fradin and Day, 2002).

The strategies regarding control of mosquito vec-
tor populations assume highest importance in
fighting these diseases. Actually, the use of syn-
thetic insecticides for the management of vector
populations is questioned, due to factors such as
chemoresistance of vectors to insecticides and en-
vironmental hazards (Power, 2010). Pyrethroids
are the main insecticides used in public health and
have been used for decades for impregnation of
mosquito bednets. However, pyrethroid resistance
is already present in several major vectors of ma-
laria in Africa (Sina and Aultman, 2001). The lack
of an effective vaccine and the multiple resistances
of parasites to anti-malaric drugs, evidence the im-
portance of the malaria vectors control in the at-
tempt to decrease malaria transmission.

In Western Europe, Anopheles atroparvus van Thiel
was the most widespread malaria vector, particu-
larly in the coastal lowlands. This species is a mem-
ber of “ the Maculipennis Subgroup, which also
includes mosquito vectors like Anopheles sacharovi
Favre ” (Harbach, 2004). Anopheles atroparvus is ge-
nerally considered zoophilic (Pongon et al., 2007)
and described as “very zoophilic” by Cambournac
(1994), who also stated that its hosts, in order of
preference, are rabbit, horse, cow, pig, sheep, and
suggested that a long association between rabbit
and An. atroparvus (since approx. 1000 BC) may be
responsible for this hierarchy of preference.

Malaria transmission in Africa is mainly due to
Anopheles gambiae s.1. and Anopheles funestus Giles.
An. gambiae s.l. is considered to include the most
efficient vectors of malaria in the world. It is a com-
plex of seven species with Anopheles gambiae Giles
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s.s. and Anopheles arabiensis Patton, highly anthro-
pophilic, being the major vectors (Besansky et al.,
1994). Malaria vectors in Africa are characterized
by differences in their biology, ecology and insec-
ticides resistance, with consequent heterogeneous
disease transmission and distinct epidemiological
patterns.

Anopheles stephensi Liston is an important vector
of human malaria throughout Middle East and
South Asian regions, including the Indo-Pakistan
sub-Continent, with a westward extension throu-
gh Iran and Iraq into the Middle East and Arabian
Peninsula. This species is considered to be the
main malaria vector in the Persian Gulf area (Da-
vidson, 1958). Behavioral studies of An. stephensi in
the South of Iran have shown that it is highly zo-
ophilic, although a wide range of anthropophilic
indices (0.05-0.47) has been reported from the di-
fferent geographical regions of Iran (Basseri et al.,
2005) and India (Bruce-Chwatt et al., 1966).

According to the World Health Organization
(WHO, 2012), Aedes aegypti Linnaeus is the prima-
ry vector of dengue. This mosquito is an invasive
species, highly anthropophilic and adapted to hu-
man environments, promptly feeding on humans
and breeding mainly in domestic or peridomestic
recipients. A rapid rise in urban populations, wi-
thout adequate urbanization, is placing a growing
number of people in contact with the vector. Con-
sequently, the number of dengue infections has in-
creased worldwide over the last decades, with the
occurrence of serious outbreaks with hemorrhagic
fever. Dengue fever has become an important pu-
blic health problem and about half of the world’s
population is now at risk (WHO, 2012).

Aedes aegypti populations’ effective control, has
proven to be extremely difficult. Lacking an effec-
tive vaccine, vector control methods, directed at
both immature and adult mosquito populations,
remain the primary method for reducing the risk
of dengue transmission (Polsomboon et al., 2008).
Control of adult mosquitoes using a variety of
chemical means is fraught, with handicaps inclu-
ding high cost, slow operational response, low
efficacy and development of insecticides resistance
(Chuaycharoensuk et al., 2011).



Phytochemicals with proven mosquito control ac-
tivity can be highly helpful in integrated mosquito
vector control programs (Sukumar ef al., 1991; Sha-
alan et al., 2005). Recently, essential oils and their
components, in particular, are subject of increa-
sing interest, as they are relatively safe for the en-
vironment as well as to human health, have a wide
acceptance by consumers and potential for multi-
-purpose use (Ormancey et al., 2001). EOs have a
broad spectrum of bioactivity due to the presence
of several active constituents with different modes
of action (Liu et al., 2006). Their lipophilic nature
allows them to interfere with basic metabolic, bio-
chemical, physiological and behavioral functions
of insects.

Mentha L. is a genus of aromatic perennial herbs
belonging to the family Lamiaceae, distributed
mostly in temperate and sub-temperate regions of
the world. Mentha pulegium L. (pennyroyal) is nati-
ve in N Africa, W Asia, Caucasus to the Kazakhs-
tan and Turkmenistan, and Europe (GRIN 2010).
The pennyroyal is a creeping plant smaller than
other Mentha spp. and spreads rapidly through
its underground root system (Bradley, 1992). Ste-
ms are red-purple and highly branched, leaves are
scale-like and flowers have verticillasters arrange-
ment (Morales et al., 2010). Besides medicinal appli-
cations, insecticidal properties of several Mentha
spp- EOs are reported against ants, mosquitoes,
wasps, hornets and cockroaches (Conceigao et al.,
2010). Biological control of immature stages are
thought to be the most powerful mean of reducing
target population of dipteran and other agricultu-
ral pests (Rey et al., 1999).

The monoterpene pulegonel (Figure 1) is a com-
mon constituent of Mentha spp. EOs, being refer-
red as one main compound also in M. pulegium
were it occurs at percentages ranging from 25 to
92% (Pino et al., 1996; Franzios et al., 1997, Lawren-
ce, 1998; Aziz and Abbass, 2010).

This work intended to contribute to the evaluation
of the potential use of pennyroyal EO in the control
of malaria and dengue mosquito vector immatures,
using plants from different geographical regions.
Larvicidal effects of EOs of M. pulegium from Cape
Verde and Portugal were assessed against mosquito
vectors of malaria or dengue for the first time. Ma-
jor compounds of these EOs were identified by *C
NMR spectroscopy, GC and GC-MS.

Material and methods

Plant material

Mentha pulegium aerial parts from Portugal were
collected in Evora and near Braga, during spring-
time. At Cape Verde, collections were made at the
same season in Santo Antao Island. Taxonomic
identification of the plant samples was performed
using the morphological external characters ac-
cording to Franco (1984) and Morales et al. (2010)
and they were compared with verified herbarium
specimens. Voucher samples of M. pulegium were
deposited at the Herbarium of the “Instituto de In-
vestigacgao Cientifica Tropical (IICT)”, Lisbon, with
identification, collection site, collectors name and
collection numbers: Mentha pulegium L., Portugal,
Evora, Joaquim Russo, n° 1 and Mentha pulegium L.,
Cabo Verde, Santo Antao, Manuel Delgado, n® 1.

Mosquito colonies

Mosquito colonies of the several species tested had
been reared continuously for some generations in
laboratory, free of exposure to insecticides. They
were maintained at 27+1 °C and 70+5% relative
humidity under a photoperiod of 12:12-h (light/
dark) in the insectarium of the Medical Parasito-
logy Unit of the “Instituto de Higiene e Medicina
Tropical” (IHMT) in Lisbon. Larvae were fed with
Tetra Menu® fish food. The adults were reared in
humidified cages and supplied with 10% sucrose
solution. Mosquito females were weekly given the
opportunity to blood fed on anesthetized rats to
allow eggs development and oviposition, as nei-
ther of these species is autogenic.

Colonies of Ae. aegypti from Cape Verde, (Santiago)
and Madeira Archipelagos (Funchal) were raised
from eggs locally obtained from this species fema-
les. These colonies (pupae and adult forms) were
maintained in security cameras for manipulation.

Anopheles atroparvus colony was obtained from fe-
males collected in 1988 at Aguas de Moura, Settibal
District (Portugal), after morphological observa-
tion of eggs to confirm species status. The colonies
of An. gambiae strain Yaounde and An. stephensi
strain SDA500 were both initiated with eggs from
The Imperial College, and maintained at the insec-
tarium of the “Centro de Malaria e Outras Doencas
Tropicais” (CMDT)/IHMT. Colonies of these two
species were then installed in the Medical Parasi-
tology Unit/IHMT from specimens gratefully pro-
vided by CMDT.
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Essential oil isolation and chemical analysis

The EOs were isolated from M. pulegium aerial
parts, by hydrodistillation for 3 h, using a modi-
fied Clevenger apparatus (EPCE 2010) and were
stored in the dark at 4°C until analysis. Pennyroyal
EOs yield was calculated as the percentage of EO
volume obtained by dry weight of plant used.

The most effective EOs samples were analyzed by
BC NMR to identify their major compounds. “*C
NMR spectra were recorded on a Bruker Avance
400 spectrometer operating at 100.61 MHz, equi-
pped with a5 mm QNP probe at room temperature.
Each EO sample (100 mg) was dissolved in deute-
rochloroform (0.5 mL) and all chemical shift values
given in ppm (J) refer to tetramethylsilane (TMS)
as internal standard Chemical shifts and peaks at-
tribution of ®C NMR spectra were made according
to literature data (Kubeczka and Formacek, 2002),
and pulegone and menthone standards.

Essential oils were analyzed by Gas Chromatogra-
phy (GC), for component quantification, and Gas
Chromatography coupled to Mass Spectrometry
(GC-MS) for component identification, as detailed
in Rocha (2014).

Assay procedures

Larvicidal activity of M. pulegium EOs against Ano-
pheles spp. and Aedes aegypti was assessed by using
WHO standard method (WHO, 1981). For bioas-
says, sets of 25 third late instar larvae were exposed
to at least four concentrations, in three replicates,
of each homogeneous oil-water suspensions accor-
ding to standard WHO procedure, at 27+1°C and
70+5% relative humidity. Negative controls were
conducted for each series by adding 1 ml of water
and Tween® 20 per 249 mL of water. Mortality data
were recorded 24h and 48h after exposure. Larvae
unable to reach water surface when touched were
considered dead. Larval mortality was reported as
the average of three replicates; mortality percen-
tage rates were corrected using Abbott’s formula
(Abbott, 1925), and they were used to calculate
LC,, and LC,, values within a confidence interval
of 95% (WHO, 1981).

Preliminary studies allowed selecting the concen-
trations of EO obtained from M. pulegium collected
near Braga: 5.0, 10.0, 25.0 and 45.0 mL L* for An.
atroparvus, 10.0, 25.0, 50.0 and 80.0 mL L* for An.
stephensi, and 30.0, 35.0, 40.0 and 50.0 mL L for An.
gambiae. Several concentration of EO from aerial
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parts of M. pulegium collected in Evora and Cape
Verde (0.018, 0.020, 0.025, 0.030, 0.035 and 0.040 mL
L") were evaluated against Aedes aegypti from Cape
Verde and Madeira.

Statistical analysis

Data of EOs larvicidal effects were analyzed by
computerized probit analysis, yielding a level of
effectiveness of 50%, 90% and 99 % mortality at
95% confidence intervals (95% C.I.).

Results

Hydrodistillation of M. pulegium aerial parts pro-
duced intense yellow EOs with a yield of 0.3% (v/
dry wt) from Cape Verde and 0.6 % (v/dry wt) from
Portugal.

Preliminary results of M. pulegium EOs larvicidal
effects against Ae. aegypti larvae from Cape Verde
and Madeira Island (Table 1), showed that mosqui-
toes from Cape Verde, were more susceptible to
pennyroyal EO (LC,  and LC,, of 0.107 mL L* and
0.209 mL L") than those from Madeira (LC,, and
LC,, of 0.148 mL L' and 0.319 mL L™).

Bioassays using EOs isolated from pennyroyal
collected in Braga showed low mortality rates on
An. stephensi and An. gambiae larvae. Although
it was tested a range of greater dilution in those
species and it was not possible to test comparable
amounts due to a lack of material (either mosqui-
toes or enough volumes of essential oils) the LC50
and 90 were higher for theses species. However,
the results obtained against An. atroparvus larvae
48h after treatment allow considering the use of M.
pulegium promissory for this species (Table 1).



Table 1 - Activity of the EOs, isolated from M. pulegium collected in Portugal and Cape Verde, against 3rd larvae of Ae. aegypti
from Madeira (Mad), Cape Verde (CV) and Anopheles sp.

Letal Ae. aegyplt (Mad) Ae. aegylpt (CV) Ae. aegy{)t (CV) An. atrolparvus An. steIIJhensi An ga?zbit
Concentration mL L; 24h mL L7; 24h mL L; 24h mL L; 48h mL L7; 24h mL L™; 4¢
(@) (@ (b) (© (© (©

LCs 0.148 0.107 0.136 58.9 113.6 118.0
(0.142-0.155) (0.093-0.113) (0.132-0.140) (53.8-64.5)

LCyy 0.226 0.155 0.183 107.2 2333 190.0
(0.207-0.260) (0.131-0.237) (0.176-0.193) (95.4-124.1)

LCy 0.319 0.209 0.223 174.6 419.6 281.0
(0.274-0.406) (0.163-0.428) (0.219-0.254) (147.4-218.5)

Equation line 6.7x-5.3 7.0x-14.2 9.9x-21.0 5x-9.0 1.3x-2.4 4.7x-9.8

Corr coef 0.970 0.921 0.995 0.999 0.999 0.824

Cor coef.- Correlation coefficient;
(a) EOs from M. pulegium collected in Portugal (Evora).

(b) EOs from M. pulegium collected in Cape Verde. The EO wasn “t enough to test in Ae. aegypti from Madeira Island.
(c) EOs from M. pulegium collected in Portugal (Braga). Anopheles sp mosquitoes were not sufficient to do replicate of 100 larvae or even to test the activity of Cape Verde

pennyroyal EOs or to compare with Braga sample.

The EOs of M. pulegium from Evora and Cape Ver-
de exhibited high larvicidal activity against Ae.
aegypti from Cape Verde, so chemical characteriza-
tion by “C NMR, GC and GC-MS were performed.

Qualitative C NMR analysis of this EO allowed
the identification of the major compounds being
pulegone 1 the main constituent, followed by

menthone 2 and traces of its isomer, isomenthone
3 (Table 2, Figure 1). These results confirmed the
characterization performed by GC and GC-MS,
where pulegone (61%) and menthone (20%) were
the main EO constituents (Table 3). The GC an GC-
-MS analyze of Cape Verde EO, revealed menthol
(30%), menthone (15%), menthyl acetate (15%) as
the main constituents, followed by pulegone (4%)

Table 2 - Assignment of main peaks of 13C NMR spectra of Mentha pulegium EOs from Portugal.

Peak Compound S (ppm) Assignment
1 Menthone 2 18.47 CH; (C-9)*
2 Menthone 2 20.97 CH; (C-7)

3 Pulegone 1 21.63 CH; (C-7)

4 Menthone 2 21.88 CH; (C-10)*
5 Menthone 2 22.06 CH; (C-)

6 Pulegone 1 22.77 CH; (C-10)
7 Menthone 2 27.65 CH, (C-3)

8 Pulegone 1 28.39 CH, (C-3)

9 Pulegone 1 31.37 CH (C-5)

10 Pulegone 1 32.56 CH, (C-4)
11 Menthone 2 33.68 CH, (C-4)
12 Menthone 2 35.25 CH (C-5)

13 Menthone+ Pulegone 142 50.61 CH, (C-6)
14 Menthone 2 55.61 CH (C-2)

15 Pulegone 1 131.58 C=C(C-2)
16 Pulegone 1 141.62 C=C(C-8)
17 Pulegone 1 203.92 C=0 (C-1)
18 Menthone 2 212.03 C=0 (C-1)

*The methyl groups can permute.
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Table 3 - Chemical constituents of essential oils isolated from M. pulegium aerial parts collected in Cape Verde and Portugal.

Mentha pulegium

Components RI  Cape Verde Portugal
a-Thujene 924 t

3-Methyl Cyclohexanone t
a-Pinene 930 0.3 0.5
Camphene 938 t
Sabinene 958 0.2 t
3-Octanone 961 t
B-Pinene 963 0.5 0.4
3-Octanol 974 t 0.3
B-Myrcene 975 1.1

a-Terpinene 1002 0.1

p-Cymene 1003 0.2 0.1
1,8-Cineole 1005 0.9 0.9
Limonene 1009 23 0.2
cis-p-Ocimene 1017 0.3
trans-p-Ocimene 1027 0.1

v-Terpinene 1035 0.2
trans-Sabinene hydrate 1037 0.1

Fenchone 1050 0.2
Terpinolene 1064 0.1

Linalool 1074 33 0.3
3-Octanol acetate* 1086 0.3
trans-Verbenol 1114 t
Menthone 1120 153 20.1
iso-Menthone 1126 0.9 2.2
Menthofuran 1134 3.8 0.3
cis-iso-Pulegone 1134 1.4
neo-Menthol 1139 2.5

Lavandulol 1142 t

Menthol 1148 304 1.5
Terpinen-4-ol 1148 t

iso-Menthol 1154 0.1

a-Terpineol 1159 0.6 0.1
Verbenone 1164 0.4
Pulegone 1210 4.0 61.4
Piperitone 1211 1.7 0.3
Linalyl acetate 1245 1.5

Petasitene epoxide* 0.8
trans-Anethole 1254 0.3
Thymol 1275 0.1

Lavandulyl acetate 1278 0.1

Menthyl acetate 1278 14.7 0.6
Piperitenone 1289 0.1 0.4
Neryl acetate 1353 0.2
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Table 3 - Continuation

Mentha pulegium
Components RI  Cape Verde Portugal
Geranyl acetate 1370 0.3
cis-Jasmone 1372 0.3
B-Bourbonene 1379 0.2
o-Gurjunene 1400 0.4
p-Caryophyllene 1414 2.5
trans-p-Farnesene 1455 0.3
Germacrene D 1474 2.0
Bicyclogermacrene 1487 0.5
trans-Calamenene 1505 0.1
d-Cadinene 1505 0.3
Elemicin 1525 0.2
Elemol 1530 0.3
Viridiflorol 1569 1.4
a-Cadinol 1626 0.4
% Identification 94.7 93.2
Grouped components
Monoterpene hydrocarbons 5.4 1.2
Oxygen-containing monoterpenes 80.6 90.9
Sesquiterpene hydrocarbons 6.3 t
Oxygen-containing sesquiterpenes 2.1 t
Phenylpropanoids 0.5
Others 0.3 0.6

@ Retention index relative to C9-C16 n-alkanes on the DB-1 column; t - trace (<0.05); * Identification based on mass spectra only.

CH,4 CH,4 CHa
5 5 >
1 1
3 ! 3 3
2 o g o 2 ©
8 z 8 8
HyC CHs v-|3c/\cp-|3 HsC CHs
9 10 9 10 9 10
1- Pulegone 2- Menthone 3- Isomenthone

Figure 1 - Main Constituents of M. pullegium EOs.

Discussion

Mentha pulegium EOs yield ranged between 0.3 and
0.6 % (v/dry wt.), which is in agreement with those

reported by Kofidis et al. (2004), 0.1-2%, for the EO
from wild M. spicata L., grown in Greece. Never-
theless, differences in the yield of Mentha EOs with
respect to geographical regions were reported by
Ljaz (2009).

Major differences were found between the evalua-
ted M. pulegium EOs. Cape Verde M. pulegium EO
main components were menthol (30%), menthone
(15%) and menthyl acetate (15%), whereas Evora M.
pulegium EO was mainly composed by pulegone
(61%) and menthone (20%).

The data obtained from the analysis of M. pulegium
EO from Portugal are in agreement with the re-
sults published by Lopes et al. (2010). In this study,
the EOs from 18 M. pulegium samples from Portu-
gal were evaluated, showing 96-97% of oxygena-
ted monoterpenes, and the dominance of pulegone
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(66-87%), menthone (6-20%) and iso-menthone (0.4
to 17%). However, comparatively to M. pulegium EO
from other populations also of Portugal, revealed
different percentages of menthone and pulegone
(Teixeira et al., 2012; Rodrigues ef al., 2013). The
constituents of M. pulegium EO have been subjec-
ted to a number of studies which have presented
a variance in its constituents depending on the re-
gion of cultivation and there have been some diffe-
rences in the components from different countries.
It has been found that M. pulegium EO from Bul-
garia contains essentially pulegone (43-45%); from
Uruguay: pulegone (73%), isomenthone (13%); from
Egypt: pulegone (44%), piperitone (12%); from Tu-
nisia: pulegone (42%), isomenthone (11%) Boukhe-
bti et al. (2011).

Mentha pulegium EOs from Portugal showed high
larvicidal effects against Ae. aegypti from Cape Ver-
de (LC,, and LC,, of 0.107 mL L* and 0.209 mL L")
and Anopheles stephensi (Table 1) with registered
mortality 24-h after contact and 100% mortality
48-h after treatment (result not presented in Table 1).

Ae. aegypti from Cape Verde seemed to be more
susceptible to pennyroyal EOs than the same spe-
cies introduced in Madeira from Venezuela (Sei-
xas et al., 2013) which could be related to intrinsic
genetics character of mosquito. The bioactivity of
phytochemicals against mosquito larvae can vary
significantly depending on plant species, plant
part and age of plant part, solvent used in extrac-
tion and mosquito species (Sukumar et al., 1991).

Pennyroyal EOs is reported as bioactive against
fleas, ants, lice, mosquitoes, ticks and moths. Pu-
legone from M. pulegium is considered one of the
most active constituents against insects. Neverthe-
less reports on menthone studies against insects
are well known (Koul et al., 2008). In this study
menthone exhibited very low activity against 3™
instar larvae and pulegone high activity (results
not shown). Although pulegone and menthone are
reported as bioactive and useful to pest control
(Verdian-Rivi, 2008) scarce references to their lar-
vicidal effects on mosquito vectors of malaria and
dengue were find.

Although the World Health Organization (WHO)
does not specify any criteria for classifying the
larvicidal potential of new products, some authors
use the values of the minimum lethal concentra-
tion that eliminates 50% of the population (LC, ) as
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a criterion for activity. Specifically, if LC, <50 mg
L* the product is considered very active, if 50 <
LC,,< 100 mg L' the product is considered active,
and when LC, > 750 mg L the product is conside-
red inactive (Komalamisra et al., 2005, Magalhaes
et al., 2010; Dias et al., 2014). Based on this norm the
pennyroyal EOs from Cape Verde and Portugal are
in the class of active. However, the highest larvici-
dal activity corresponds to the EO from Portugal
pennyroyal (LC, = 0.107 mL L, which is equiva-
lent to 20.1 mg L™).

Mortality of larvae exposed to “insecticidal” com-
pounds may be the result of several details, in-
cluding structure, function, and biochemistry of
the insect cuticle in relation to the molting cycle.
It is well known that many EOs and their consti-
tuents affect biochemical processes, which specifi-
cally disrupt the endocrinologic balance of insects.
They may be neurotoxic or may act as insect gro-
wth regulators, disrupting the normal process of
morphogenesis (Balandrin and Klocke, 1988). Ac-
cording to Cantrell et al. (2010), larvicide compoun-
ds act by absorption through the cuticle, via the
respiratory tract, and/or enter by ingestion via the
gastrointestinal tract. Once in the interior of the
larva, the substances can reach the site of action or
can cause systemic effects by diffusion into diffe-
rent tissues (Souza et al., 2012).

Conclusion

Present results are encouraging and clearly de-
monstrate the potential of M. pulegium essential
oil as possible larvicidal against Aedes aegypti and
Anopheles spp.. Further studies have to be focus
on bioassay with isolates standing in phytochemi-
cal laboratories in that the mode of action of bio
products will be evaluated and there are certainly
many interesting activities yet to be discovered.
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