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Larvicidal efficacies of plants from Midwestern Brazil:  
melianodiol from Guarea kunthiana as a potential biopesticide 

against Aedes aegypti
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A total of 36 ethanol extracts from different anatomical parts of 27 plant species (18 families), native to the Pan-
tanal and Cerrado biomes in Midwest Brazil, was assessed for their effect against Aedes aegypti larvae, the vector 
of dengue, hemorrhagic dengue, Zika and chikungunya fevers. Only the extract obtained from seeds of Guarea kun-
thiana (Meliaceae) proved active (LC50 = 169.93 μg/mL). A bioassay-guided investigation of this extract led to the 
isolation and identification of melianodiol, a protolimonoid, as the active constituent (LC50 = 14.44 mg/mL). Meliant-
riol, which was also obtained from the bioactive fraction, was nevertheless devoid of any larval toxicity, even at the 
highest concentration tested (LC50 > 100.0 mg/mL). These results indicate that the larvicidal activity of melianodiol 
stems from the presence of the carbonyl moiety at C-3 in the 21,23-epoxy-21,24,25-trihydroxy-tirucall-7-ene-type 
skeleton. The structures of both protolimonoids were established on the basis of spectral methods (1H and 13C NMR 
and MS). This is the first report on the toxicity of melianodiol against Ae. aegypti larvae. Based on the results, me-
lianodiol can be regarded as a potential candidate for use as an ecologically sound biocontrol agent for reducing 
the larval population of this vector.
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Aedes aegypti is the principal vector of arboviral 
diseases, such as dengue, hemorrhagic dengue, Zika, 
chikungunya, and yellow fevers. The incidence of 
dengue fever has grown remarkably in recent decades 
worldwide (WHO 2016a). In the American continent, it 
has increased from 16.4 cases per 100,000 residents in 
1980 to 218.3 per 100,000 in the period 2000-2010 and it 
continues to seriously affect this region. The number of 
reported cases across South-East Asia, Western Pacific 
and even in North America and European countries has 
continued to increase as well, which reveals the threat 
of outbreaks of dengue fever in these regions (PAHO 
2016a, WHO 2016b). In Brazil, from January to Decem-
ber, 2015, 1,649,008 cases were notified (almost three 
times the number reported for the same period in 2014), 
including 15,693 severe cases and 886 deaths (PAHO 
2016a, WHO 2016b). With regard to 2016 epidemiologi-
cal update, 224,064 cases of dengue have already been 
reported in Brazil until the end of February, with 102 se-
vere cases and 52 deaths (PAHO 2016a), therefore war-
ranting urgent measures for its control.
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Initially limited to the African continent, Zika fe-
ver has expanded its geographical range since 2007. To 
date, autochthonous Zika virus transmission has been 
confirmed in a total of 59 countries and territories, with 
prevalence in those of Latin America and the Caribbean 
- 31 countries and territories in 2016 (WHO 2016c). This 
is twice the number that has been reported for this re-
gion up to December, 2015, as having locally acquired 
infection by Zika (PAHO 2016b). According to the World 
Health Organization, 3 to 4 million infections by Zika vi-
rus are estimated in the Americas for 2016, in which 0.4 
to 1.3 million cases are anticipated in Brazil, where Zika 
fever was first confirmed in 2015 (CNN 2016, WHO 
2016c). Of greatest concern is a potential established as-
sociation between Zika virus infection and a growing 
incidence of microcephaly cases in newborns and neu-
rological disorders, as Guillain-Barré syndrome (GBS). 
According to Brazilian health authorities, the number of 
reported cases of congenital microcephaly and/or other 
central nervous system malformations with laboratory-
confirmed Zika virus congenital infection has increased 
since 2015 (PAHO 2016c). From October 2015 to March 
2016, 907 of such cases were confirmed nationwide, 
while 4,268 cases are still under investigation (PAHO 
2016c). Among the 198 child deaths which occurred dur-
ing pregnancy or after birth, 46 of these were linked to 
congenital virus infection (PAHO 2016c). In this context, 
de Noronha et al. (2016) recently provided evidence of 
human transplacental transmission of Zika virus and also 
demonstrated its fetal neurotropism. As for the incidence 
of GBS, 12 countries and territories in the Americas have 
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reported a steep increase in GBS notified cases and/or 
Zika virus infection among GBS registered cases (WHO 
2016c). Based on the foregoing data, Zika fever, as a fast-
emerging, pandemic-prone disease, was considered in 
the beginning of 2016 a Public Health Emergency of In-
ternational Concern (WHO 2016d).

Originally restricted to Africa and the Indian subcon-
tinent, chikungunya has recently been reported from Eu-
rope and the Americas (Chaves et al. 2012, WHO 2016e). 
In the American continent, cases of this fever, whose 
symptoms may persist for months, have been detected 
in 33 countries and territories since December 2013. In 
Brazil, from January to December 2015, a total of 22,813  
cases, including three deaths, was informed (PAHO 2016d). 
Therefore, chikungunya, as well as dengue and Zika fevers, 
has emerged as a serious public health problem.

Despite research advances from the pharmaceutical 
industry, developing dengue, Zika and chikungunya vac-
cines has proven a complex task and these vector-borne 
diseases remain a global public health challenge. Mean-
while, controlling the incidence of dengue, Zika and 
chikungunya fevers has largely depended on effectively 
fighting its main primary vector, Ae. aegypti, a mosqui-
to highly adapted to urban environments. So, strategies 
must be strengthened, particularly in the Americas, aim-
ing at its elimination. Reducing the vector population 
with synthetic insecticides to target its larval stage in 
breeding sites remains the main strategy for successful 
vector management (Dusfour et al. 2011). Nonetheless, a 
major obstacle to this approach has been the continued 
use of conventional insecticides, such as organophos-
phates and carbamates - a practice that leads to devel-
opment of resistant species (Koou 2014). In addition, 
the deleterious effects of synthetic insecticides on the 
environment and non-target organisms have stimulated 
the search for alternative eco-friendly larvicidal agents, 
such as plant-derived secondary metabolites (Geris et al. 
2012, Garcez et al. 2013, Góis et al. 2013, Stappen et al. 
2014, Anholeti et al. 2015, Bezerra-Silva et al. 2015). As 
part of our ongoing screening program for plants of the 
Cerrado and Pantanal - two outstanding biomes in Mid-
west Brazil - as potential sources of agents against Ae. 
aegypti (Garcez et al. 2009), a total of 36 crude extracts 
from different anatomical parts (aerial parts, leaves, 
stems, roots, fruits and/or seeds) of 27 species belonging 
to 18 different families were assessed for their larvicidal 
activity in the present work. Of the extracts evaluated, 
only that from seeds of Guarea kunthiana (Meliaceae) 
proved active, being therefore selected for a bioassay-
guided fractionation. Herein, we report the isolation and 
structure elucidation of its bioactive constituent.

MATERIALS AND METHODS
1H and 13C NMR spectra were obtained in CDCl3 

(Cambridge Isotope Laboratories, Andover, USA) on 
a Bruker DPX-300 spectrometer (Karlhue, Germany), 
operating at 300.13 MHz (1H)/75.47 MHz (13C). EIMS 
data were acquired at 70 eV on a Shimadzu (Tokyo, 
Japan) QP5000 DI-50 instrument. Pre-coated silica gel 
GF254 chromatoplates (Merck, Darmstadt, Germany) 
were used for analytical thin-layer chromatographic  

procedures. Silica gel 60 (230-400 mesh, Merck) and 
silica gel 60 RP-18 (230-400 mesh, Merck) were used 
for column chromatography.

Plant material - The plants investigated (Table I) 
were collected from Cerrado and Pantanal areas in Mato 
Grosso do Sul, Brazil, from August 2009 to August 2012 
and identified by Dr Arnildo Pott (Universidade Federal 
de Mato Grosso do Sul, Campo Grande, Brazil). Vouch-
er specimens are deposited at the CGMS Herbarium of 
the Universidade Federal de Mato Grosso do Sul.

Preparation of extracts - Air-dried and powdered 
plant material (aerial parts, leaves, stems, roots, fruits 
and/or seeds, at least 500 g each) was extracted with eth-
anol (4 x 2L) at room temperature. After concentration in 
vacuo, the residue obtained from each extract was stored 
at -18ºC until biological screening was performed.

Bioassay-guided fractionation of seeds of G. kun-
thiana - Fruits of G. kunthiana were collected in Au-
gust 2012 and their seeds (1,000 g) were separated from 
the pulp and peel (3,000 g). The seeds were extracted 
with ethanol (4 x 4 L) for seven days and filtered. Af-
ter concentration under reduced pressure, the bioactive 
ethanol extract was subsequently partitioned between 
MeOH-H2O (9:1) and hexane. Water was added to the 
hydromethanolic phase to yield a MeOH-H2O (1:1) mix-
ture, which was partitioned with EtOAc. The hexane (9.0 
g), EtOAc (14.0 g), and hydromethanolic (2.0 g) phases 
were tested against Ae. aegypti larvae, and the larvici-
dal activity was found to reside in the EtOAc solubles 
(LC50 = 105.70 mg/mL). An aliquot of this bioactive 
phase (11.0 g) was then chromatographed on an RP-18 
silica gel (350.0 g) column, using step gradient elution 
with MeOH-H2O (4:6, 6:4, 8:2), MeOH, and CHCl3 to 
give five fractions (F1-F5) of 500 mL each. Testing for 
larvicidal activity showed fraction F3 (2.0 g), contain-
ing two major components, to be bioactive (LC50 = 15.20 
mg/mL). An aliquot of this fraction (800.0 mg) was fur-
ther subjected to column chromatography on silica gel 
(30.0 g) using CHCl3 (750 mL), CHCl3-MeOH (9.7:0.3, 
750 mL), CHCl3-MeOH (9.5:0.5, 750 mL), CHCl3-MeOH 
(9.3:0.7, 750 mL), and CHCl3-MeOH (9:1, 750 mL), yield-
ing protolimonoids 1 (510.0 mg, major compound, eluted 
with CHCl3-MeOH 9.5:0.5) and 2 (210.6 mg, eluted with 
CHCl3-MeOH 9.3:0.7), both of which were tested against 
Ae. aegypti larvae. Only compound 1 proved bioactive 
(LC50 = 14.44 mg/mL). Purity of protolimonoids 1 and 
2 was established on the basis of their 1H and 13C NMR 
spectra and by chromatographic techniques.

Melianodiol (1) - colorless amorphous powder; EIMS 
(70 eV), m/z (rel. ab.): 488 (M+., 4), 470 (8) [M - H2O], 455 
(25) [M - .CH3], 412 (17) [470 - CH3COCH3], 397 (59) 
[455 - CH3COCH3/ 412 - .CH3], 379 (34) [ 397 - H2O], 
365 (92) [397 - CH3OH], 297 (67) [379 - C5H6O], 59 (100) 
[ C3H7O

+]; 1H NMR (CDCl3, 300 MHz): δ 2.76 (1H, td, J 
= 14.4, 5.2 Hz, 2-H); 5.25 (1H, brs, 7-H); 0.83 (3H, s, 18-
H); 1.01 (3H, s, 19-H); 5.32 (1H, brs, 21-H); 4.38 (1H, m, 
23-H); 3.15 (1H, brs, 24-H); 1.26 (3H, s, 26-H); 1.28 (3H, 
s, 27-H); 1.03 (3H, s, 28-H); 1.12 (3H, s, 29-H); 1.03 (3H, 
s, 30-H); 13C-NMR (CDCl3, 75 MHz): δ 38.5 (C-1); 35.0 
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(C-2); 216.9 (C-3); 47.8 (C-4); 52.3/52.4 (C-5); 24.3 (C-6); 
118.0 (C-7); 145.6 (C-8); 48.3/48.8 (C-9); 35.1 (C-10); 17.6 
(C-11); 30.1/31.4 (C-12); 43.5/43.6 (C-13); 50.7 (C-14); 
34.2 (C-15); 27.2 (C-16); 45.3 (C-17); 21.5 (C-18); 12.7 
(C-19); 45.2/46.3 (C-20); 96.7/102.2 (C-21); 30.2 (C-22); 
78.7 (C-23); 74.8/75.8 (C-24); 73.2 (C-25); 26.5 (C-26); 
26.7 (C-27); 24.5 (C-28); 23.2 (C-29); 27.4 (C-30). 1H and 
13C NMR, and mass spectra of melianodiol are shown in 
Supplementary figures.

Meliantriol (2) - colorless amorphous powder; EIMS 
(70 eV), m/z (rel. ab.): 490 (M+., 15), 475 (19) [M - .CH3], 
457 (40) [475 - H2O], 439 (61) [457 – H2O], 399 (39) [457 
- CH3COCH3], 381 (40) [399 - H2O], 367 (100) [399 - 
CH3OH], 349 (20) [367- H2O], 281 (39) [ 381 - C5H8O2]; 
1H NMR (CDCl3, 300 MHz): δ  3.22 (1H, dd, J = 11.0, 3.5 
Hz, 3-H); 5.21 (1H, brs, 7-H); 0.82 (3H, s, 18-H); 0.72 (3H, 
s, 19-H); 5.24 (1H, brs, 21-H); 4.34 (1H, m, 23-H); 3.14 
(1H, brs, 24-H); 1.26 (3H, s, 26-H); 1.24 (3H, s, 27-H); 
0.84 (3H, s, 28-H); 0.94 (3H, s, 29-H); 0.96 (3H, s, 30-H); 
13C-NMR (CDCl3, 75 MHz): δ 37.2 (C-1); 27.5 (C-2); 79.1 
(C-3); 39.0 (C-4); 50.7 (C-5); 24.0 (C-6); 118.2 (C-7); 145.4 
(C-8); 48.8 (C-9); 34.9 (C-10); 17.5 (C-11); 31.6 (C-12); 43.7 
(C-13); 50.7 (C-14); 34.2 (C-15); 27.3 (C-16); 50.7 (C-17); 
23.2 (C-18); 13.1 (C-19); 45.3/46.5 (C-20); 97.1/102.3 (C-
21); 34.2 (C-22); 77.4/78.7 (C-23); 75.1 (C-24); 73.4 (C-25); 
26.5 (C-26); 26.7 (C-27); 27.5 (C-28); 14.7 (C-29); 27.3 (C-
30). 1H and 13C NMR, and mass spectra of meliantriol are 
shown in Supplementary figures.

Larvicidal activity assay against Ae. aegypti - The 
bioassays were performed according to World Health 
Organization protocols (WHO 1981) with slight modifi-
cations (Garcez et al. 2009). Mosquito eggs (Rockefeller 
strain) were obtained from a colony maintained at our 
laboratory. The adult colony was provided with 10% 
saccharose solution and adult female mosquitoes were 
blood-fed on Swiss mice for egg production. The eggs 
were then hatched by immersion in distilled water for 1 h, 
followed by incubation in the dark at 27 (± 2) ºC and 70 (± 
5) % relative humidity. Larvae were fed on fish food and, 
upon reaching the third instar, the larvae were used in the 
bioassays. Stock solutions at 1,000, 500, 250, 125, 62.5 
and 31.25 mg/mL were prepared from each plant extract, 
as well as from the partition phases and fractions origi-
nating from G. kunthiana seeds. To this end, the samples 
were dissolved in distilled water containing 0.5% di-

methylsulfoxide (DMSO). For F3 (the bioactive fraction), 
serial diluting yielded test solutions of concentrations as 
low as 15 mg/mL. Compounds 1 and 2 were each initial-
ly tested at 100, 80, 60, 40 and 20 mg/mL. Compound 
1 (the bioactive protolimonoid) was subsequently tested 
at concentrations as low as 15 mg/mL to allow calculat-
ing its LC50 value. The purity of the isolated compounds 
tested was ≥ 95%. Ten third-instar larvae were placed in 
a beaker containing 5 mL of test sample. For each con-
centration, 40 larvae were exposed (four replicates of 10 
larvae each). A set of controls was also run, using 0.5% 
DMSO in distilled water in four replicates. Each assay 
was repeated three times at different days and showed no 
significant variation. Larval mortality was recorded 24 h 
after treatment at 27 (± 2) ºC, during which no food was 
given to the larvae. Larvae were considered dead when 
they did not respond to stimuli (gentle poking with a pi-
pette). All the experiments were carried out at 27 (± 2) ºC 
and 70 (± 5) % relative humidity.

Considering the mortality of the larvae at the experi-
mental concentrations, the LC50 and LC90 values (µg/
mL), slope and Chi-square value were calculated using 
the Probit analysis on IBM SPSS Statistics 22.0. Com-
parison among samples in relation to the LC50 and LC90 
values was performed using the 95% confidence interval 
from LCs ratio (Wheeler et al. 2006).

Mosquito eggs (Rockefeller strain) were obtained 
from a colony maintained at our laboratory (permit 
469/2012 from the Animal Ethics Committee of the 
Universidade Federal de Mato Grosso do Sul), accord-
ing to the Conselho Nacional de Controle de Experi-
mentação Animal - CONCEA/Ministério da Ciência, 
Tecnologia e Inovação-MCTI (http://www.mct.gov.br/
index.php/content/view/310553.html). The authors de-
clare no conflicts of interest.

RESULTS

Of the 36 crude extracts tested, only that prepared 
from G. kunthiana seeds proved active against Ae. ae-
gypti larvae (LC50 = 169.93 μg/mL). No larval deaths 
occurred with any of the other extracts, not even that 
prepared from G. kunthiana fruit peel and pulp, which 
had LC50 values higher than 1,000 μg/mL (Table I).

Based on these results, a bioassay-guided investiga-
tion of the ethanol extract of G. kunthiana seeds was con-
ducted, and the larvicidal activity was found to reside in 

TABLE II
Toxicity of extract, fractions and isolated compound against 3rd instars of Aedes aegypti after 24 h exposure

Treatment LC50 (μg/mL) (95% FL) LC90 (μg/mL) (95% FL) Slope (±SE) x2

Guarea kunthiana EtOH extract 169.93a (141.62-203.41) 496.11a (389.56-692.46) 2.75±0.29 8.58
EtOAc phase 105.70b (83.85-130.30) 408.91b (310.56-598.17) 2.18±0.24 24.88
Bioactive fraction 15.20c (14.59-15.62) 18.25c (17.80-18.91) 16.11±2.03 12.69
Melianodiol (1) 14.44d (13.53-15.01) 17.54d (17.10-18.15) 15.20±2.27 14.37
Meliantriol (2) > 100 > 100 - -

FL = fiducial limits; SE = standard error. Values within a column followed by different letters are significantly different  
(p < 0.05) based on the ratio test of 95% fiducial limits.
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the EtOAc phase - with LC50 and LC90 values of 105.70 and 
408.91 mg/mL, respectively (Table II), obtained by ex-
tract partitioning, since both hexane and hydromethanolic 
phases exhibited LC50 values higher than 1,000 µg/mL.

This phase was then subjected to column chroma-
tography procedures and the resulting bioactive fraction 
(LC50 = 15.20 mg/mL, Table II), containing two principal 
components, was further separated, leading to the isola-
tion and characterisation of the known protolimonoids 
melianodiol (1, major compound) and meliantriol (2) 
(Figure). Their structures were established on the basis of 
1H and 13C NMR spectroscopic techniques supported by 
mass spectra, as well as by comparison with previously 
reported data, and authentic samples (Puripattanavong et 
al. 2000, Kurimoto et al. 2014, Miguita et al. 2015).

After evaluation for toxicity against Ae. aegypti lar-
vae, only compound 1 proved biologically active, with 
LC50 and LC90 values of 14.44 and 17.54 mg/mL, respec-
tively, as depicted in Table II, while 2 had an LC50 value 
above 100 mg/mL.

All samples showed dose/response curve (slope) dif-
ferent from 0 degree (p < 0.001) and p values greater 
than 0.15 on chi-square test (p = 0.995; p = 0.303; p = 
1.000; p = 1.000, respectively). All samples were also 
significantly different with respect to the LC50 and LC90 
values (based on ratio test; p < 0.05), and also presented 
decreasing LC values from crude extract to the isolated 
bioactive compound (melianodiol, 1).

DISCUSSION

In the present study, the protolimonoid melianodiol 
(1) was isolated as the larvicidal constituent of the bioac-
tive ethyl acetate phase obtained after partitioning of the 
ethanol extract of the seeds of G. kunthiana. Meliantriol 
(2), which was also obtained from the bioactive fraction, 
was nevertheless devoid of any larval toxicity, even at 
the highest concentration tested. These results indicate 
that the larvicidal activity of 1 stems from the pres-
ence of the carbonyl moiety at C-3 in the 21,23-epoxy-
21,24,25-trihydroxy-tirucall-7-ene-type skeleton, since 
its corresponding reduced derivative 2, which differs 
from 1 only for bearing a hydroxyl function at that same 
carbon, was found to be inactive.

Meliaceae, the family to which the genus Guarea be-
longs, is a rich source of secondary metabolites, includ-
ing limonoids and protolimonoids (Taylor 1984, Tan & 

Luo 2011). In a previous investigation of G. kunthiana, 
we isolated 1 and 2 from the fruits, and di- and sesqui-
terpenes, poliprenol-12, and α- and d-tocopherols from 
the leaves (Garcez et al. 2004, Miguita et al. 2015). The 
fruits also yielded the limonoids humilinolide E, 2-hy-
droxy-6-deoxyswietenine, swietenin acetate and methyl 
angolensate (Miguita et al. 2014), none of which were 
found to be present in our G. kunthiana bioactive frac-
tion from which melianodiol (1) was obtained, despite 
the fact that limonoids are known for their biological, and 
particularly insecticidal, properties (Tan & Luo 2011). 
They were shown to be present, however, in a more po-
lar, otherwise inactive fraction resulting from chromato-
graphic separation of the bioactive EtOAc phase. To our 
knowledge, only the protolimonoid nilocitin has hitherto 
been reported to exhibit significant growth disruption 
and morphological deformities against Ae. aegypti lar-
vae and pupae (Reegan et al. 2014), and the present in-
vestigation is therefore the first to isolate melianodiol by 
conduction a bioassay-guided study of plant constituents 
active against Ae. aegypti larvae.

The foregoing results revealed melianodiol to be a 
potential candidate for the development of an ecologi-
cally sound alternative to environmentally hazardous 
synthetic insecticides currently employed to control Ae. 
aegypti larvae in areas where dengue, Zika and chikun-
gunya fevers are of concern. Also, melianodiol was iso-
lated from seeds, a feature that encourages the conserva-
tion and sustainable use of G. kunthiana as a source of 
this bioactive compound. The findings warrant investi-
gating other Meliaceous species, as well as members of 
the Simaroubaceae and Rutaceae, from which protoli-
monoids have also been obtained, for their potential to-
wards the development of new biocontrol agents against 
Ae. aegypti larvae.

ACKNOWLEDGEMENTS

To Dr Raimundo Braz Filho (Universidade Estadual do 
Norte Fluminense, Campos dos Goytacazes, Brazil) and Dr 
Arnildo Pott (CGMS Herbarium, Universidade Federal de 
Mato Grosso do Sul, Campo Grande, MS, Brazil), for assis-
tance in the interpretation of mass spectral data and in the 
identification of the plant material, respectively.

REFERENCES

Anholeti MC, Duprat RC, Figueiredo MR, Kaplan MAC, Santos 
MG, Gonzalez MS, et al. Biocontrol evaluation of extracts and a 
major component, clusianone, from Clusia fluminensis Planch. 
& Triana against Aedes aegypti. Mem Inst Oswaldo Cruz. 2015; 
110(5): 629-35.

Bezerra-Silva PC, Santos JC, Santos GKN, Dutra KA, Santana 
ALBD, Maranhão CA, et al. Extract of Bowdichia virgilioides 
and maackiain as larvicidal agent against Aedes aegypti mos-
quito. Exp Parasitol. 2015; 153: 160-4.

Chaves TDSS, Pellini ACG, Mascheretti M, Jahnel MT, Ribeiro AF, 
Rodrigues SG, et al. Travelers as sentinels for chikungunya fever, 
Brazil. Emerg Infect Dis. 2012; 18(3): 529-30.

CNN - Cable News Network. Zika virus ‘spreading explosively’, 
WHO leader says [Internet]. 2016 [cited 2016 March 21]. Avail-
able from: http://edition.cnn.com/2016/01/28/health/zika-virus-
global-response/.

Structures of protolimonoids melianodiol (1) and meliantriol (2).



Melianodiol activity against Ae. aegypti • Ulana Chaves Sarmento et al.474

de Noronha L, Zanluca C, Azevedo MLV, Luz CG, dos Santos CND. 
Zika virus damages the human placental barrier and presents 
marked fetal neurotropism. Mem Inst Oswaldo Cruz. 2016; 
111(5): 287-93.

Dusfour I, Thalmensy V, Gaborit P, Issaly J, Carinci R, Girod R. Multi-
ple insecticide resistance in Aedes aegypti (Diptera: Culicidae) pop-
ulations compromises the effectiveness of dengue vector control in 
French Guiana. Mem Inst Oswaldo Cruz. 2011; 106(3): 346-52.

Garcez FR, Garcez WS, Silva AF, Bazzo RC, Resende UM. Terpenoid 
constituents from leaves of Guarea kunthiana. J Braz Chem Soc. 
2004; 15(5): 767-72.

Garcez WS, Garcez FR, Silva LMGE, Hamerski L. Larvicidal activ-
ity against Aedes aegypti of some plants native to the West-Cen-
tral region of Brazil. Bioresour Technol. 2009; 100(24): 6647-50.

Garcez WS, Garcez FR, Silva LMGE, Sarmento UC. Substâncias de 
origem vegetal com atividade larvicida contra Aedes aegypti. 
Rev Virtual Quim. 2013; 5(3): 363-93.

Geris R, Ribeiro PR, Brandão MS, Silva HHG, Silva IG. Bioactive nat-
ural products as potential candidates to control Aedes aegypti, the 
vector of dengue. In: Rahman A, editor. Studies in natural products 
chemistry. Vol. 37. Amsterdam: Elsevier; 2012. p. 277-376.

Góis RWS, de Sousa LM, Santiago GM, Romero NR, Lemos TL, Ar-
riaga AM, et al. Larvicidal activity against Aedes aegypti of pacha-
rin from Bauhinia acuruana. Parasitol Res. 2013; 112(7): 2753-7.

Koou SY. Pyrethroid resistance in Aedes aegypti larvae (Diptera: 
Culicidae) from Singapore. J Med Entomol. 2014; 51(1): 170-81.

Kurimoto SI, Takaishi Y, Ahmed FA, Kashiwada Y. Triterpenoids 
from the fruits of Azadirachta indica (Meliaceae). Fitoterapia. 
2014; 92: 200-5.

Miguita CH, Barbosa CS, Hamerski L, Sarmento UC, Nascimento 
JN, Garcez WS, et al. 3β-O-Tigloylmelianol from Guarea kunthi-
ana: a new potential agent to control Rhipicephalus (Boophilus) 
microplus, a cattle tick of veterinary significance. Molecules. 
2015; 20(1): 111-26.

Miguita CH, Sarmento UC, Hamerski L, Garcez WS, Garcez FR. 
Mexicanolide- and andirobine-type limonoids from the fruits of 
Guarea kunthiana. Rec Nat Prod. 2014; 8(3): 290-3.

PAHO - Pan American Health Organization [Internet]. As the Zika 
virus spreads, PAHO advises countries to monitor and report 
birth anomalies and other suspected complications of the vi-
rus. 2016b. Available from: http://www.paho.org/hq/index.
php?option=com_ontent&view=article&id=11574%3A2016-
as-the-zika-virus-spreads-paho-advises-countries-to-moni-
tor-and-report-birth-anomalies-suspected-complications-of-
virus&Itemid=1926&lang=en.

PAHO - Pan American Health Organization [Internet]. Chikun-
gunya. 2016d. Available from http://www.paho.org/hq/index.
php?option=com_topics&view=article&id=343&Itemid=40931
&lang=en.

PAHO - Pan American Health Organization [Internet]. Dengue. 2016a. 
Available from: http://www.paho.org/hq/index.php?option=com_
topics&view=article&id=1&Itemid=40734.

PAHO - Pan American Health Organization [Internet]. Zika epide-
miological update - 24 March 2016. 2016c. Available from http://
www.paho.org/hq/index.php?option=com_content&view=articl
e&id=11599&Itemid=41691&lang=en.

Puripattanavong J, Weber S, Brecht V, Frahm AW. Phytochemical in-
vestigation of Aglaia andamanica. Planta Med. 2000; 66(8): 740-5.

Reegan AD, Gandhi MR, Paulraj MG, Balakrishna K, Ignacimuthu S. 
Effect of nilocitin, a protolimonoid isolated from Limonia acidis-
sima L. (Diptera: Culicidae). Acta Trop. 2014; 139: 67-76.

Stappen I, Wanner J, Tabanca N, Wedge DE, Ali A, Khan IA, et al. 
Chemical composition and biological effects of Artemisia mari-
tima and Artemisia nilagirica essential oils from wild plants of 
western Himalaya. Planta Med. 2014; 80(13): 1079-97.

Tan QG, Luo XD. Meliaceous limonoids: chemistry and biological 
activities. Chem Rev. 2011; 111(11): 7437-522.

Taylor DAH. The chemistry of the limonoids in Meliaceae. In: Herz 
W, Grisebach H, Kirby GW, editors. Progress in the chemistry 
of organic natural products. Vol. 45. New York: Springer-Verlag; 
1984. 1-102.

Wheeler MW, Park RM, Bailer AJ. Comparing median lethal con-
centration values using confidence interval overlap or ratio tests. 
Environ Toxicol Chem. 2006; 25(5): 1441-4.

WHO - World Health Organization [Internet]. Chikungunya. 2016e. 
Available from: www.who.int/mediacentre/factsheets/fs327/en.

WHO - World Health Organization [Internet]. Dengue and severe 
dengue. 2016b. Available from: www.who.int/mediacentre/fact-
sheets/fs117/en/.

WHO - World Health Organization [Internet]. WHO director-general 
summarizes the outcome of the emergency committee regarding 
clusters of microcephaly and Guillain-Barré syndrome. 2016d. 
Available from: http://www.who.int/mediacentre/news/state-
ments/2016/emergency-committee-zika-microcephaly/en/.

WHO - World Health Organization [Internet]. WHO report on 
global surveillance of epidemic-prone infectious diseases. 
2016a. Available f rom: ht tp://www.paho.org/hq/index.
php?option=com_content&view=article&id=11780%3Ascient
ists-studying-intensified-vector-control-measures-to-combat-
zika-dengue-chikungunya-americas&catid=740%3Apress-
releases&Itemid=1926&lang=es.

WHO - World Health Organization [Internet]. Zika virus, micro-
cephaly and Guillain-Barré syndrome. 2016c. Available from: 
http://www.who.int/emergencies/zika-virus/situation-report/17-
march-2016/en/.

WHO - World Health Organization. Instructions for determining the 
susceptibility or resistance of mosquito larvae to insecticides. 
Geneva: WHO; 1981. 6 pp.


