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Abstract In many insects, mate finding is mediated by
volatile sex pheromones, but evidence for this phenome-
non in triatomines (Heteroptera: Reduviidae) is still
fragmentary. Recently, it was shown that metasternal
glands (MGs) are involved in producing signals related
to the sexual communication of Triatoma infestans and
Rhodnius prolixus. Based on this, we tested whether MG
volatiles could be involved in the sexual communication
of Triatoma brasiliensis. Odor-mediated orientation
responses were studied by using a T-tube olfactometer.
These tests showed that males exhibit positive anemotaxis
when confronted with adult odor-laden air currents.
Moreover, females that had their metasternal glands occluded
did not elicit significant orientation by males. Compounds
produced by the MGs of T. brasiliensis females were
identified by means of SPME, GC-FID, and GC-MS, with
achiral and chiral columns. All substances identified were
ketones and alcohols, and similar compound profiles were

found in the secretions produced by both sexes. The most
abundant compounds identified were 3-pentanone, followed
by (4R)-methyl-1-heptanol, 3-pentanol, and (2S)-methyl-1-
butanol. In addition, GC-EAD recordings showed that the
antennae of males responded to several of the main
components of female MG secretions. Our results showed
that compounds produced by the MGs of T. brasiliensis
females are involved in the sexual communication of this
species.
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Introduction

Triatoma brasiliensis Neiva (Heteroptera: Reduviidae) is
a hematophagous insect that feeds fundamentally on
endothermic vertebrates. This insect is a vector of the
flagellate protozoan Trypanosoma cruzi Chagas, which is
the etiological agent of Chagas disease, the principal
parasitic infection in Latin America inflicting a socio-
economic burden on people of this region (WHO 2005).
T. brasiliensis is considered to be the main vector of this
disease in the semiarid zones of northeastern Brazil (Alencar
1987). It is an endemic species in sylvan environments, and
commonly colonizes human dwellings (Alencar 1987).

After sexual maturation, bugs of the subfamily Triato-
minae, which includes all vector species that transmit
Chagas disease, need to find a mating partner. Given that
no orientation responses to sexual pheromones have been
clearly described for triatomines, research on this topic is
needed. The mating behavior of several triatomine species
has been described, and consists of a sequence of
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behavioral steps performed mainly by males (Rojas et al.
1990; Manrique and Lazzari 1994; Pires et al. 2004; Vitta
and Lorenzo 2009). In addition, female receptivity to
male copulatory attempts has been shown to affect
mating success in Triatoma infestans, Panstrongylus
megistus, and T. brasiliensis (Manrique and Lazzari
1994; Pires et al. 2004; Vitta and Lorenzo 2009). Few
studies have been conducted on the effect of chemical
cues on mating behavior in triatomines. Electrophysio-
logical studies have shown that copulating pairs of
T. infestans release odors that elicit responses from the
antennae of males (De Brito Sánchez et al. 1995). Several
authors have suggested that chemical signals are released
by copulating pairs, leading to the aggregation of
surrounding males (Baldwin et al. 1971; Manrique and
Lazzari 1995).

Triatoma brasiliensis adults have a pair of metasternal
glands (MGs) that open to the ventral metathorax (Brindley
1930), but their functions, as well as the composition of
their secretion, are unknown for this species. All triatomine
species studied to date also possess a pair of Brindley’s
glands, opening dorso-laterally between the thorax and
abdomen, which secrete isobutyric acid as the most
abundant compound; this secretion probably plays a role
in alarm and/or defense (Ward 1981; Cruz López et al.
1995; Manrique et al. 2006). Other reports for several
triatomine species suggest that the compounds produced by
Brindley’s glands are involved in the sexual communication
(Fontán et al. 2002; Rojas et al. 2002; Guerenstein and
Guerin 2004). Recently, Manrique et al. (2006) and Pontes
et al. (2008) suggested that the MG secretion of T. infestans
and R. prolixus is involved in sexual communication. These
authors identified several highly volatile ketones and
alcohols that are produced by MGs of these species, and
showed that the contents are emitted by adults during
copulation. Moreover, Crespo and Manrique (2007) and
Pontes et al. (2008) have shown that MG volatiles are
relevant for mating success. However, odor-mediated
orientation mechanisms that could promote encounters
between adults of triatomines are not known. Therefore,
we analyzed the behavior of adult T. brasiliensis in the
presence of air currents laden with volatiles emitted by both
sexes, searching for oriented responses. Additionally, we
tested whether the compounds emitted by the MGs of
females are necessary for the expression of orientation
responses by males. Moreover, the ability of these
compounds to elicit responses from the antennae of males
was studied by means of gas chromatography-
electroantennographic detection (GC-EAD) assays. Finally,
the full identities of 14 of the most abundant volatile
compounds produced by the MGs of T. brasiliensis females
and males are reported, with special attention to those
compounds with GC-EAD activity.

Methods and Materials

Insects T. brasiliensis were reared in the laboratory at 26±
2°C and 60±10% RH, and fed on live chickens. The insects
were sorted by sex as fifth instar larvae (Espínola 1966),
and maintained apart until the experiments were carried out.
Adults were fed weekly and kept in plastic containers,
which had a piece of folded filter paper as substrate.
Identification of volatiles and behavioral assays were
performed with 30 d old virgin adults starved for 2 wk.
All insects used for this study were exposed to 12:12 hL/D
cycle at least 3 d before experiments.

Olfactometer Bioassays A two-choice “T” olfactometer
was used to test orientation responses of adult insects
(Fig. 1). The olfactometer was made of acrylic (two 21.5 cm
arms and a 33.5 cm common stem, arm section 24.0 cm2).
The apparatus was positioned horizontally in an experimental
room under the same temperature conditions as described for
rearing insects. All experiments were performed during the
first half of scotophase. A piece of filter paper covered the
base of the olfactometer in order to allow the insects to walk
easily. Filtered air was drawn through the olfactometer by a
fan connected to the release chamber. Air was purified by
using charcoal filters located before the stimulus chamber of
each arm of the olfactometer. The filters consisted of 10-ml
glass pipettes filled with granular activated charcoal (4–
8 mesh, Sigma, USA). The air-flow was maintained at a
speed of 10 cm/s as measured by an anemometer (Testo,
Germany) at the end of each arm, which was connected to a
small polyacrylic chamber (6×6×3.5 cm) used for presenting
the odor sources.

Filter papers were changed after each test to avoid bias
due to chemical contamination left from walking insects.
The stimuli associated with each olfactometer arm were
alternated after three repetitions to avoid directional bias
effects. The olfactometer was washed with distilled water
and dried with tissue paper before each experiment.

Bioassay Calibration Tests were performed to evaluate
whether the olfactometer constructed ad hoc presented any
intrinsic bias. For this, T. brasiliensis adults were tested
under two conditions: a) no air currents associated, and b)
both arms associated with clean air currents.

Olfactometer Tests The olfactometer was used to test
whether adult T. brasiliensis showed orientation responses
when exposed to air currents associated with volatiles from
adult males or females. The orientation of insects of both
sexes was tested by offering individual bugs a choice
between an arm associated with volatiles from two adult
insects of the same gender or another that presented a clean
air current. For each series, 30 individuals were tested

J Chem Ecol (2009) 35:1212–1221 1213



against odor-laden or clean air currents. A single
T. brasiliensis adult was introduced gently into the release
chamber and kept there for acclimatization for 10 min.
Subsequently, the entrance door of this compartment was
opened, and the behavior of the insect was recorded for
15 min. Insects that did not express a choice after 15 min
from the beginning of the assay were discounted. Test and
stimulus insects were used only once.

To determine preferences, the first choice of each insect,
i.e., which arm of the olfactometer that was chosen, was
recorded. For this, we adopted the following criterion: an
insect made a choice every time that its whole body passed
the boundary between the main trunk and the
corresponding arm of the olfactometer. Choices were
statistically analyzed by means of a binomial test.

The following experimental series were performed to
investigate whether male or female T. brasiliensis adults
orientate to conspecific odor-laden air currents: a) female
bugs exposed to male odor-laden air currents; b) female bugs
exposed to female odor-laden air currents; c) male bugs
exposed to female odor-laden air currents; d) male
bugs exposed to male odor-laden air currents; and e) male
bugs exposed to nymph odor-laden air currents.

Because of the positive response of males towards
female and male odors, two complementary series of assays
were conducted to elucidate further aspects of their
behavior. The series tested were: f) male bugs confronted
with an air current laden with volatiles from two males with
the orifices of their MGs occluded with paraffin; and g)

male bugs confronted with an air current laden with
volatiles from two females with the orifices of their MGs
occluded with paraffin. In order to test whether the response
of males was due to the occlusion manipulation, two
additional control assay series were performed, as follows:
h) male bugs were confronted with an air current laden with
volatiles from two sham-treated males to which paraffin
was applied without occluding their MG orifices; and i)
male bugs were confronted with an air current laden with
volatiles from two sham-treated females to which paraffin
was applied without occluding their MG orifices. Because
of the absence of significant orientation by females in
response to volatiles from adults, a positive control was
performed to confirm that this apparatus was adequate for
testing orientation by female bugs. In this experimental
series, the females had to choose between one arm
associated with mouse odors from two laboratory-reared
Mus musculus newborns vs. a clean air current.

Identification of Compounds Produced by Metasternal
Glands In order to obtain glands for the sampling of
volatiles, insects were first kept at −18°C for 7 min to avoid
disturbance during the dissection. They were then secured
with flour-based modeling dough (Faber-Castell, Brazil),
leaving their thorax and abdomen exposed. These prepara-
tions were placed into an ice-cold phosphate buffer solution
to minimize volatilization of MG secretions. Immediately
after mounting the insects, a microsurgical knife was used
to remove the MG together with its reservoir and a piece of

Fig. 1 Schematic drawing of the T-olfactometer used to test orientation responses in adults of Triatoma brasiliensis. a activated charcoal filter, b
stimulus chamber, and, c arm. Dimensions are given in cm
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cuticle surrounding the gland opening (ca. 0.25 mm2).
Samples of 10 glands were stored in 2-ml vials closed with
Teflon®/silicone-lined caps and kept in an ice bath until the
end of the subsequent dissections. To exclude any com-
pounds that were not found exclusively in the MGs, we
prepared control samples with pieces of tissue and cuticle
from other parts of the thorax. Female and male samples
were stored in a freezer at −18ºC for not more than 10 d for
subsequent analysis. No change of the chemical profile was
observed after storage, compared with freshly prepared
samples.

Gland samples were sonicated (40 kHz, Thorton, Inpec
Eletrônica, Brazil) for 5 min and then heated at 50°C for
30 min. A solid phase microextraction (SPME) fiber (2 cm,
DVB/CAR/PDMS-50/30µm, SUPELCO, USA) was exposed
to the headspace of the samples for 10 min at 50°C prior to
analysis by gas chromatography with mass-spectrometric
detection (GC-MS Shimadzu 17A coupled to a Shimadzu
5050A). The desorption time in the injection port of the GC
was 1 min. Helium was used as carrier gas (30 cm/s), and
injections were splitless for 1 min. GC injector and transfer
line temperatures were 230°C and 250°C, respectively. The
ionization energy was 70 eV. The oven program was 40°C for
5 min, 3°C/min to 120°C, and 15°C/min to 200°C using a
SupelcoWax-10 column (30 m×0.25 mm i.d.×0.25µm film;
Supelco, USA). Tentative identification of volatiles was based
on the comparison of retention index (RI, Kováts 1965) and
mass spectra with data from the literature and a spectral
library (NIST-02). All tentative identifications were confirmed
by peak enhancement in co-injections with authentic synthetic
samples (Pontes et al. 2008).

The configuration of chiral compounds was determined by
GC with flame-ionization detection (FID; Shimadzu 17A)
analysis and GC-MS analysis (Shimadzu 17A coupled to a
Shimadzu 5050A). Gland samples were heated at 50°C for
30 min. An SPME fiber (2 cm, DVB/CAR/PDMS-50/30µm)
was exposed to the headspace of the glands for a varying
time interval depending on the abundance of compounds. The
desorption time in the injection port of the GC was 1 min.
For the GC-FID, the following settings were used: helium
was used as the carrier gas (31 cm/s), and injections were
splitless for 1 min. Injector and detector temperatures were
225°C. All enantioselective GC was performed isothermally
using a CYCLOSILB column (30 m×0.25 mm i.d.×0.25µm
film, J & W Scientific, USA). The column temperature varied
from 30°C for 2-butanol to 110°C for 1-phenylethanol.
Because of the occurrence of overlapping peaks of different
compounds when using the enantioselective GC-FID set-up
described above, additional enantioselective GC-MS analysis
was carried out according to the protocol for achiral analysis,
but with a GammaDex 225 column (30 m×0.25 mm i.d.×
0.25µm film, Supelco USA). As for the CYCLOSILB
column, isothermal conditions were applied, with column

temperatures varying from 30°C to 110°C. The retention
times were compared with synthetic standards, and co-
injections with peak enhancement were carried out to confirm
the configuration of all chiral compounds.

Chemicals 2-butanone, 3-pentanone, (2R)-butanol, (2S)-bu-
tanol, 2-methyl-1-propanol, 3-pentanol, (2S)-pentanol,
3-hexanol, (2S)-methyl-1-butanol, 1-heptanol, and (1R)-
phenylethanol were purchased from Sigma-Aldrich (Sweden
and Brazil). The remaining compounds were synthesized as
described below:

For all synthesized compounds 1H-NMR and 13C-NMR
spectra of CDCl3 solutions were recorded at 500 MHz and
125 MHz, using a Varian Unity spectrometer. Chemical
shifts were expressed in ppm in relation to tetramethylsi-
lane, multiplicity (s, singlet; d, doublet; t, triplet; and m,
multiplet), coupling constants (Hz) and number of protons.
The starting materials employed were obtained from
commercial suppliers and used without further purification.
Mass spectra (70 eV, EI) of synthetic compounds were
obtained with an HP 6890 GC interfaced to an HP 5973
mass selective detector (Hewlett Packard, Palo Alto, CA,
USA), using helium as the carrier gas. The GC was
equipped with a BPX-70 column (30 m×0.25 mm, ID
0.25 μm, SGE, Australia). Enantioselective GC was
performed with an HP 5890 GC (Hewlett Packard, Palo
Alto, CA, USA) fitted with a CYCLOSILB column (30 m×
0.25 mm, ID 0.25 μm, J & W Scientific, USA).
Chromatography on silica gel was carried out using a
medium pressure liquid chromatography (Baeckström et al.
1987). All chemicals used as starting materials in the
syntheses were used as delivered from Sigma-Aldrich
(Sweden) and Alfa Aesar (Germany). Anhydrous solvents
were used, and reactions were carried out under nitrogen
when appropriate.

(2R)-Pentanol This chiral alcohol was obtained by resolution
of racemic 2-pentanol with the use of Candida antarctica B
lipase.

Racemic 2-pentanol (20 g, 0.23 mol), vinyl acetate
(70 g, 0.81 mol), and Candida antarctica B lipase (300 mg)
were added to dichloromethane (ca. 150 ml). After 160 min,
the enzymes were removed by filtration, the solvent
removed in vacuo, and pentane was added. The unreacted
(2S)-pentanol was separated from the formed (2R)-pentyl
acetate by chromatography. A fraction containing 1.66 g of
the acetate was isolated. A solution of (2R)-pentyl acetate
(1.50 g, 11.5 mmol), KOH (1.0 g, 18 mmol) and MeOH/
water (20 and 3 ml, resp.) was stirred at room temperature
(RT) over night. Most of the methanol was removed in
vacuo, water was added, and the product was extracted ×3
with diethyl ether, washed with brine, dried over MgSO4,
and the diethyl ether was removed on an ice bath in vacuo
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to yield 710 mg (8.1 mmol) of a slightly yellow product.
Chemical and enantiomeric purities were 99%.

3-Methyl-2-hexanol This alcohol was prepared by a Grignard
reaction between 2-bromopentane and acetaldehyde. Since all
isomers were present in similar amounts in the glands, no
stereospecific synthesis was carried out:

A round-bottomed flask was charged with magnesium
(3.5 g, 0.144 mol), iodine (1 crystal), and diethyl ether
(50 ml). To the mixture, 2-bromopentane (15.9 g, 0.10 mol,
13.0 ml dropwise addition via syringe) was added,
maintaining spontaneous reflux to form the Grignard
reagent. Thereafter, the reflux was continued for 20 min.
After cooling to 0°C, acetaldehyde (6.16 g, 0.14 mol,
10.0 ml) was added to the mixture by syringe. After reflux
for 20 min, the reaction was quenched by addition of ice-
water followed by HCl (10%, aq.) until all precipitate was
dissolved. The product was extracted ×4 with diethyl ether
and washed twice with bicarbonate (sat, aq.) and brine, dried
over MgSO4 and concentrated in vacuo to yield 7.73 g of a
slightly yellow oil. Some 3-methyl-2-hexanone had been
formed, and to remove this impurity, the crude product was
treated with sodium borohydride (0.30 g, 8 mmol) dissolved
in aqueous ethanol (50%, 25 ml). The crude product (7.73 g)
was added dropwise at 0°C while stirring. Stirring was
continued at RT over night. Potassium carbonate was added
until the mixture became transparent and saturated. The
product was extracted ×3 with diethyl ether, washed twice
with brine, dried over MgSO4 and solvents were removed in
vacuo to yield 5.60 g (48%) of a slightly yellow oil, which
was purified by chromatography. A sample of 3.38 g product
of 99% purity (diastereomeric ratio ca. 2:3) was isolated.
MS: 39(5), 41(11), 42(5), 43(24), 44(9), 45(100), 55(16), 56
(4), 57(5), 59(3), 69(4), 70(29), 71(5), 83(6), 98(3), 101(4).
1HNMR: δ: 3.65-3.70 (m, 1 H), 1.0-1.6 (m, 5H), 1.12-115
(d, 3H, J=6.3 Hz) 0.85-0.92 (m, 6H) (the peaks of two
diastereomers overlapped to a large extent and that made the
NMRs difficult to interpret.) 13CNMR: δ: 72.0, 71.7, 40.0,
39.7, 35.1, 35.0, 20.6, 20.6, 20.5, 19.5, 14.7, 14.6, 14.3 ppm
(one overlapping signal).

6-Methyl-1-heptanol This achiral alcohol was synthesized
from 3-methyl-1-butylbromide via a Grignard reaction with
oxetane (Bestmann and Vostrowsky 1974). MS and NMR
data corresponded with literature data (Reiter et al. 2003;
Tang et al. 1995).

(4R)-Methyl-1-hexanol The reaction of (3S)-citronellyl
bromide in a modified Lemieux-von Rudloff periodate-
permanganate oxidation (Lemieux and Rudloff 1955; Over-
berger and Kaye 1967; Higashimura et al. 1983; Chen et al.
2008) followed by an lithium aluminum hydride (LAH)
reduction yielded the product in 99% enantiomeric purity.

(3S)-Citronellyl bromide (1.50 g, 6.84 mmol) was
dissolved in 50% acetone in water (50 ml). NaIO4 (5.0 g,
20.7 mmol) and KMnO4 (0.2 g, cat) were dissolved in
water (50 ml) and added slowly to the solution of (3S)-
citronellyl bromide at 0°C. The mixture was stirred at RT
overnight (16 h). After confirming full conversion (GCMS),
the product mixture was filtered in vacuo. Most of the
acetone was removed in vacuo, and the remaining pink
solution was acidified to pH≈2 by HCl (10%, aq.). The
acidic solution was stirred at RT for 30 min. The orange
solution was extracted ×3 with diethyl ether, washed twice
with brine, dried over MgSO4, and concentrated in vacuo to
give a copper-colored oil: 1.45 g (101%). The crude (4S)-6-
bromo-4-methylhexanoic acid (1.45 g) was dissolved in
diethyl ether (40 ml) and was added dropwise to a solution
of LAH (1.9 g, 50 mmol) in diethyl ether (50 ml) at steady
reflux. The mixture was refluxed for 1 h, and then
quenched by addition of Baeckström’s reagent (sodium
sulfate deca-hydrate/celite, Baeckström et al. 1991). When
the suspension had changed from grey to white, the solids
were removed by filtration in vacuo. The solvents were
removed in vacuo to yield a colorless oil of 63% purity
(612 mg, 49%). After purification by chromatography a
fraction of 99% purity (257 mg, 99% enantiomeric purity)
was obtained. Spectroscopic data correlated well with
literature data (NIST 2002; Larsson et al. 2001).

(4R)-Methyl-1-heptanol This chiral alcohol was synthe-
sized from (2R)-methyl-1-pentanol by malonate ester
synthesis (Barth and Effenberger 1993; Hedenström et al.
2002; Tai et al. 2002).

Racemic 2-methyl-1-pentanol (16.0 g, 0.16 mol) and vinyl
acetate (56.0 g, 0.65 mol) were dissolved in dichloromethane
(250 ml) at RT. Amano PS-D lipase (800 mg) was added
while stirring. The reaction was monitored hourly by
enantioselective GC. When the (2R)-methyl-1-pentanol
remaining in the mixture had an e.e. of 96% (at ca. 75%
conversion), the lipase was filtered off. The mixture was
concentrated in vacuo, and the alcohol (4.0 g, 50%) was
isolated by chromatography.

(2R)-Methyl-1-pentanol (3.40 g, 33.3 mmol) was dis-
solved in a mixture of p-toluene sulfonyl chloride (6.8 g,
35.7 mmol) in dry pyridine (20 ml). The mixture was
stirred at RT for 6 h and then quenched by pouring into ice-
water (40 ml). The product was extracted ×3 with diethyl
ether, the organic phase was washed with copper sulfate
solution (10%, aq.), bicarbonate (sat., aq.), and brine, dried
over MgSO4, and concentrated in vacuo to yield a pale
yellow oil of 79% purity (6.74 g). MS: 39(6), 41(11), 42(5),
43(19), 55(11), 56(28), 63(4), 65(23), 69(28), 71(4), 77(4),
83(4), 84(100), 85(8), 89(8), 90(5), 91(93), 92(27), 93(4),
107(8), 108(5), 139(5), 155(100), 156(18), 157(21), 172
(13), 173(43), 174(4).
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The crude (2R)-methyl-1-pentyl tosylate (6.6 g,
25.8 mmol) was added to a solution of lithium bromide
(12.7 g, 146 mmol) in acetone (100 ml). The mixture was
refluxed overnight and then concentrated. Water was
added, and the mixture was extracted ×4 with pentane,
the organic phases washed twice with water and dried
over MgSO4. The solvent was removed in vacuo to yield
a pale yellow oil of 57% purity (6.6 g, 89%). After
chromatography, a fraction of 2.89 g was used as such in
the next step. MS: 39(13), 41(35), 42(12), 43(7), 55(16),
56(10), 57(9), 69(12), 71(21), 84(8), 85(100), 86(10),
121(7).

Diethyl malonate (2.84 g, 17.7 mmol) was added to a
solution of sodium ethoxide (1.15 g in 10 ml ethanol), and
the mixture was refluxed for 15 min. 2-Methylpentyl
bromide (2.80 g, 17.1 mmol) was added dropwise at RT
while stirring, whereafter the mixture was refluxed for 1 h.
The solution was acidified at RT by acetic acid (3 drops),
and then diluted by water (10 ml) and diethyl ether
(10 ml). The organic phase was separated, and the water
phase was extracted ×4 with diethyl ether. The organic
phases were washed twice with brine, dried over MgSO4,
and the diethyl ether was removed in vacuo. The copper-
colored residue (1.76 g) was added to a solution of
potassium hydroxide in ethanol (30 ml, 0.14 g/ml), and
the mixture was refluxed for 4 h. After removal of most of
the ethanol in vacuo, water was added, and the solution
was washed twice with diethyl ether, acidified to pH≈1
(HCl, conc.), extracted ×3 with diethyl ether, washed with
water and brine, concentrated in vacuo, and heated at 180°
C for 2 h. A solution of sodium carbonate (sat., aq.) was
added at RT, and the aqueous solution was washed with
diethyl ether, acidified (HCl, conc.), extracted with diethyl
ether, washed with water and brine, dried over MgSO4,

and concentrated in vacuo to yield a pale brown oil
(203 mg). The carboxylic acid intermediate (203 mg,
1.4 mmol) was added in diethyl ether (5 ml) by syringe to
a solution of LAH (65 mg, 1.7 mmol) in diethyl ether
(5 ml). The mixture was stirred for 1 h, whereafter
Baeckström’s reagent was added. When the reaction
mixture turned white, the precipitate was removed by
filtration in vacuo and the solvent removed in vacuo. The
yield of a colorless oil of 99% purity was 141 mg (6%,
98% enantiomeric purity). Spectroscopic data correlated
well with literature data (NIST 2002; Tai et al. 2002). MS:
39(10), 40(2), 41(46), 42(17), 43(44), 44(3), 45(3), 53(4),
54(1), 55(44), 56(56), 57(12), 60(1), 67(5), 68(5), 69
(100), 70(54), 71(16), 82(3), 83(13), 84(81), 85(6), 87(3),
97(5), 112(1). 1HNMR: δ: 3.63 (m, 2H), 1.1-1.6 (m, 9H),
0.87 (m, 6H), 13CNMR: δ: 63.7, 39.5, 33.1, 32.6, 30.6,
20.3, 19.8, 14.6 ppm. Total yield from (2R)-methyl-1-
pentanol was 4%.

Gas Chromatography Coupled to Electroantennographic
Detection

Headspace collections were made over 8 excised MGs of
females by means of SPME, using the same fiber type as
described for the chemical analyses. The volatiles collected
were analyzed by GC-EAD using the same GC-setup as for
GC-FID analyses, fitted with a SupelcoWax-10 column
(30 m×0.25 mm ID; 0.25 μm film), and coupled to an
electroantennographic setup (Syntech, Hilversum, The
Netherlands). Recordings of responses to volatiles eluting
from the GC column were obtained from the antennae of
8 different males in separate experiments. An antenna was
isolated from the head by cutting at the antennal base. The
proximal end of the isolated antenna was inserted into a
borosilicate glass micropipette containing 0.1 M KCl
solution, serving as the reference electrode. The distal end
of the antenna was inserted into another glass micropipette
filled with 0.1 M KCl solution after the tip of the segment
was cut off. Ag-AgCl wire was used to maintain electrical
continuity between the electrodes, and a high input
impedance headstage preamplifier (Syntech, Kirchzarten,
Germany). The EAG signals through the preamplifier were
further amplified and processed with a PC-based signal
processing system (Syntech, Kirchzarten, Germany). The
digitized signals from the FID and antenna were analyzed
by means of the EAD2000 software (ver. 2.3, Syntech,
Hilversum, The Netherlands).

Results

Olfactometer Bioassays In the negative control experi-
ments, neither male nor female insects showed significant
orientation to either arm of the olfactometer when no air
current or two clean air currents were presented. Female
insects did not show a significant preference for male or
female odor-laden air currents (Fig. 2) but were signif-
icantly attracted to the odor emitted by mice (Fig. 2,
P<0.001) in the positive control experiments, showing
that the apparatus is capable of evincing orientation
responses by these bugs. T. brasiliensis males, in contrast
to females, significantly preferred the arm of the
olfactometer associated with male or female odors
(Fig. 3, P<0.01 and P<0.001, respectively). When the
MGs of the female insects used as stimuli were occluded,
males did not show a significant orientation (Fig. 4).
However, sham-treated females promoted the orientation
of males in the olfactometer (Fig. 4, P<0.01). The
occlusion of the MGs of males used as sources of stimuli
did not promote a change in the orientation of males in
the olfactometer (Fig. 4, P<0.01).
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Identification of Compounds Produced by MGs The MGs
of T. brasiliensis are the sources of a complex mixture of
volatiles. In total, sixteen compounds were identified, with
the most abundant compounds being 3-pentanone,
3-pentanol, and (4R)-methyl-1-heptanol (Table 1). The
configurations of the chiral compounds varied; 2-methyl-
1-butanol was present as the S-enantiomer, 4-methyl-1-
hexanol, 4-methyl-1-heptanol, and 1-phenylethanol were
present as the R-enantiomers, while 3-hexanol and
3-methyl-2-hexanol were present in all isomeric forms.
For 2-butanol and 2-pentanol, problems with co-elution

and/or low abundance of the compounds prevented us from
confirming the configuration.

Gas Chromatography Coupled to Electroantennographic
Detection Our GC-EAD recordings showed that the antennae
of males of T. brasiliensis respond to a series of volatile
compounds produced by the MGs of females (Fig. 5).
Responses to 3-pentanone were consistently observed in all
recordings and were normally the strongest. In addition, 75%
of the recordings presented strong responses to 4-methyl-1-
heptanol, and responses also were observed for 2-methyl-1-
butanol and 1-phenylethanol. It is worth highlighting that
one of the compounds reported here as unknown (RI=1,156)
was capable of promoting responses from 3 out of 8 antennae
tested (Fig. 5).

Discussion

Orientation in response to odor-laden air currents is a
widespread mechanism that mediates sexual encounters
between male and female insects. However, no cases of
anemotactic orientation to sexually related signals are
known to date for triatomine bugs. Our report presents
significant evidence showing that T. brasiliensis males
express oriented responses to air currents associated with
volatiles from conspecific adults. These anemotactic
responses are apparently stronger when males are con-

Number of insects

30 25 20 15 10 5 5 10 15 20 25 30

air

**

air

air

air CF

FO

*CM

MO *

Fig. 4 Responses of Triatoma brasiliensis males to different stimuli
in an olfactometer. MO=males with occluded metasternal glands
(MGs), CM=control males treated with paraffin on a different part of
their body surface, FO=females with occluded MGs and, CF=control
females treated with paraffin on a different part of their body surface.
Significant differences between treatments were determined by a
binomial test (*P<0.01 and **P<0.001)

30 25 20 15 10 5 5 10 15 20 25 30

femaleair **

airair

air

air *male
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Number of insects

Fig. 3 Response of Triatoma brasiliensis males to different stimuli in
an olfactometer. Significant differences between treatments were
determined by a binomial test (*P<0.01 and **P<0.001)
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Fig. 2 Response of Triatoma brasiliensis females to different stimuli
in an olfactometer. Significant differences between treatments were
determined by a binomial test (*P<0.001)
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fronted by air currents laden with female volatiles rather
than with male odors. This finding suggests that males are
attracted by odors emitted by distant females, and exploit
air currents to define the direction of their responses. This
may represent a putative mechanism to mediate encounters
between adults of different gender, and suggests that a
sexual pheromone is produced by females.

Our results showed that MGs of females emit a volatile
signal that is necessary to mediate the orientation expressed

by males. On the other hand, the preference observed when
male insects were confronted with male odor was not
affected by the occlusion of MGs. Therefore, male to male
orientation is apparently not mediated by signals produced
by these glands. As females did not show oriented
responses to air currents laden with odors from adult bugs,
we propose that T. brasiliensis males are the only gender
attracted to sexual signals.

The use of antennae of male insects as detectors for
electrophysiologically active compounds made it possible to
demonstrate that several substances produced by MGs
stimulate male receptors. Specifically, 3-pentanone and (4R)-
methyl-1-heptanol, elicited strong responses in most prepara-
tions, while (2S)-methyl-1-butanol, (1R)-phenylethanol and
two unknown compounds (RI=1,156 and RI=1,548, Table 1)
elicited weaker responses from antennae of males. Whether or
not other components of the female MG secretion are capable
of stimulating antennal receptors needs to be determined. It is
worth mentioning that while the secretions produced in the
MGs of females and males were similar according to our
GC-MS analyses, the responses observed when males were
tested in olfactometers suggest that the products of male and
female MGs are different. This is supported by the two
occlusion experiments, as the occlusion of male MGs did not
affect the orientation of males to the air currents laden with
volatiles from other males.

It has been proposed that the secretion of the MGs of
triatomines is involved in mediating sexual communication
(Manrique et al. 2006; Pontes et al. 2008). The identifica-
tion of the volatile compounds detected over the headspace
of T. brasiliensis MGs corroborated that these glands
produce ketones and alcohols in triatomines. The fact that
3-pentanone is the most abundant compound produced by
MGs is coincident with the results presented by Manrique
et al. (2006) for T. infestans. The relatively less volatile
4-methyl-1-heptanol, that appears to be characteristic of the

Fig. 5 Gas chromatogram
(FID) and corresponding
electroantennogram (EAD)
traces from one antenna of a
Triatoma brasiliensis male, in
response to a headspace
collection of metasternal gland
(MG) volatiles. Active com-
pounds are represented with
numbers: 1) 3-pentanone, 2)
unknown, 3) 2-methyl-1-buta-
nol, 4) 4-methyl-1-heptanol, and
5) 1-phenylethanol

Table 1 Compounds identified in metasternal glands of Triatoma
brasiliensis

RIa Rel. amountb Compoundc

909 */** 2-butanone

987 ***** 3-pentanone

1,033 * (2S)-butanol#

1,113 * 2-methyl-1-propanol

1,127 ****/***** 3-pentanol

1,136 */** (2R)-pentanol#

1,156 *** unknown

1,205 * (3R)-hexanol and (3S)-hexanol

1,215 **/*** (2S)-methyl-1-butanol

1,287 * 3-methyl-2-hexanol##

1,421 * (4R)-methyl-1-hexanol

1,446 */** 1-heptanol

1,500 * 6-methyl-1-heptanol

1,508 ****/***** (4R)-methyl-1-heptanol

1,548 * unknown

1,816 */** (1R)-phenylethanol

a Retention indices calculated according to Kováts (1965). b Relative
amounts: *****= >20%, ****=10-20%, ***=5-10%, **=2-5%, *=
>2% of total compounds (GC peak areas). c Compound identifica-
tions: # =tentative configuration, not conclusive results from peak
enhancement experiments, ## =all isomers present in glands
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latter species, is reported here for the first time. Our
GC-EAD results suggest that both substances could be
involved in mediating behavioral responses of the kind
described in this study. Several other compounds reported
here (2-butanone, 2-pentanone, (2S)-butanol, 3-methyl-2-
butanol, 3-pentanol, (2S)-pentanol, and (3S)-hexanol) were
previously detected in the MGs of other blood-sucking
bugs (Manrique et al. 2006; Pontes et al. 2008). All
compounds found in the MGs except 4-methyl-1-hexanol,
6-methyl-1-heptanol, and 4-methyl-1-heptanol have been
reported previously in other insect species (El-Sayed 2008).
It is relevant to highlight that capturing volatile compounds
by means of SPME allowed us to perform successful
GC-EAD recordings, confirming that this odor extraction
technique is adequate for the preparation of odor samples
for electrophysiological studies.

Baldwin et al. (1971), as well as Manrique and Lazzari
(1995), have shown that R. prolixus and T. infestans males
aggregate around mating pairs, and suggested that this
behavior is mediated by chemical signals. In addition,
Vitta and Lorenzo (2009) have shown recently that
T. brasiliensis males react to the presence of competitors
by showing increased mate-guarding responses. Furthermore,
these authors described that mating duration can be
shortened if males copulate with previously mated
females. Whether these changes in male behavior are
triggered by chemical signals is not known. Crespo and
Manrique (2007) and Pontes et al. (2008) have demon-
strated that the occlusion of the MGs of T. infestans and
R. prolixus affects mating success in a dramatic manner. In
addition, it has been suggested that the secretion from
Brindley’s glands is involved in sexual communication of
triatomines (Fontán et al. 2002; Rojas et al. 2002;
Guerenstein and Guerin 2004). Nevertheless, no behavioral
evidence has been reported associating compounds from
Brindley’s glands with behavioral responses specifically
related to sex.

Baits and traps for triatomine bugs are necessary for the
early detection of reinvasion of houses after insecticide
treatments, in order to avoid contact between triatomines
and humans. Whether the compounds and behavioral
responses described here can be exploited for the develop-
ment of control tools will depend on further work testing
synthetic compounds in dose-response electrophysiological
and behavioral bioassays.
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