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The filling dynamics of exocrine defensive glands is an important component of the defensive capacity of
an insect in its natural environment. We studied the filling state and reloading rate of the Brindley’s
glands in the haematophagous Chagas disease vector Triatoma infestans (Hemiptera: Reduviidae).
Quantitative analyses of isobutyric acid, the main secretion component, were carried out with glands dis-
sected from adults under different scenarios of development, number of discharging events and feeding
conditions. The alarm-pheromone function of the gland secretion was also assessed in bioassays with
conspecific nymphs. Although pharate adults have their glands completely developed, these were not full
until imaginal ecdysis. If kept undisturbed, the adults maintained a constant gland load, and discharged
about 75% of the gland contents upon one disturbance event. While the glands can be discharged several
times, full replenishing was not complete after one week, unless the insect had access to food. The escape
behavior of nymphs in bioassays correlated with the chemical analyses, with nymphs showing significant
avoidance only toward gland discharges from undisturbed or disturbed/fed adults. The results are
discussed in reference to the feeding frequency and gregarious behavior of T. infestans under natural con-
ditions, which suggest a relevant role of the filling dynamics of the Brindley’s glands in the intraspecific
communication of the insect.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Exocrine glands are widespread among insects, and their prod-
ucts are used in different behavioral and ecological contexts,
including sexual communication, defense, alarm and aggregation.
Most Reduviidae have several exocrine glands in the thorax and
abdomen, namely the Brindley’s glands, metasternal glands, der-
mal glands, ventral glands and abdominal glands (Carayon et al.,
1958; Staddon, 1983; Weirauch, 2006). In the subfamily Triatomi-
nae, ventral and abdominal glands are apparently absent, and only
adult insects possess both the Brindley’s and metasternal glands
(Brindley, 1930; Schofield and Upton, 1978; Staddon, 1983).

The secretion from the metasternal glands contains several
compounds, some of which are highly volatile aliphatic ketones,
alcohols and acetals (Rossiter and Staddon, 1983; Manrique et al.,
2006; Pontes et al., 2008; Vitta et al., 2009; Unelius et al., 2010;
Bohman et al., 2011; Manrique and Lorenzo, 2012). It has been
shown that these glands mediate sexual communication between
adults of Triatoma infestans, Rhodnius prolixus, and T. brasiliensis,
although there is no clear understanding of which compounds
are responsible for such activity (Manrique et al., 2006; Crespo
and Manrique, 2007; Pontes et al., 2008; Vitta et al., 2009;
Zacharias et al., 2010). The Brindley’s glands are located dorsally,
extending into both sides of the second abdominal segment and
opening into the metathoracic epimeron (Brindley, 1930; Kälin
and Barrett, 1975; Staddon, 1983). Short chain acids, alcohols,
esters, and a ketone have been reported as components of the
Brindley’s glands secretion of T. infestans males and females, with
isobutyric acid as the main compound (ca. 35% of the blend,
Manrique et al., 2006). The development of the Brindley’s glands
occurs during the fifth nymphal instar, and apparently ends just
before adult ecdysis (Millen et al., 1979). These glands are dis-
charged after mechanical disturbance, and their function is hence
regarded as defensive, either as chemical defense, alarm phero-
mone, or both (Schofield, 1979; Ward, 1981; Cruz López et al.,
1995; Rojas et al., 2002; Manrique et al., 2006). In T. infestans, for
instance, adult insects emit volatile compounds from the Brindley’s
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glands upon mechanical disturbance, and these volatiles trigger an
escape response in the nymphs (Manrique et al., 2006).

While the chemistry and antipredatory function of exocrine
defensive secretions have been thoroughly studied in countless
insects, studies about the filling dynamics of tegumentary glands
involved in chemical defense are rather scarce (Baldwin et al.,
1990; Kearsley and Whitham, 1992; Whitman et al., 1992;
Rossini et al., 1997). This, however, represents an important com-
ponent of the defensive capacity of an insect in a natural environ-
ment and provides a broader picture of the adaptive value and cost
of chemical defense in insects. Specifically in triatomines, Kälin and
Barrett (1975) suggested that R. prolixus recover the capacity for a
second scent release within 5 h after a prior disturbance. Moreover,
even when they were disturbed on a daily basis, the insects were
apparently able to release the Brindley’s gland secretion. These
results, however, were based on qualitative measures such as
visual observation and smell detection of the secretion.

In this study, we report the filling dynamics of the Brindley’s
glands in T. infestans, both before and after the imaginal ecdysis,
after single or multiple discharging events, and under different
feeding conditions. Specifically, we quantified isobutyric acid, the
main component of the Brindley’s gland secretion, in glands from:
(1) pharate adults inside fifth-instar nymphs, just before molting;
(2) adults just emerged from imaginal ecdysis; (3) adults at
different periods after a single discharge; (4) adults after several
discharges; and (5) fed and unfed adults after a single discharge.
In addition, we performed behavioral bioassays to evaluate the
alarm response of nymphs when exposed to the secretion of adults
after different feeding conditions.
2. Materials and methods

2.1. Insects

T. infestans were obtained from the Servicio Nacional de Chagas
of Argentina and reared in the laboratory at 28 ± 1 �C, 30–60% RH,
under a 12:12 h L/D photoperiod, with live hens as a blood meal
source. Animals were handled according to the biosafety rules
from the Servicio de Higiene y Seguridad of the Facultad de
Ciencias Exactas y Naturales, Universidad de Buenos Aires. All
insects used for gland dissections were fed once a week until
ecdysis of the fifth instar and were not fed as adults unless other-
wise indicated. Fed adults were offered a single meal after their last
experimental disturbance (see below).

To avoid eventual disturbances leading to gland discharges, all
experimental insects were kept individually from their fifth nym-
phal instar in flasks (10 � 10 cm) lined at the bottom with a piece
of filter paper (5 � 5 cm). Prior to dissecting the glands, the insects
were chilled at 0 �C for 10 min in an ice-bath. For triggering a dis-
charge, each leg was sequentially grabbed with forceps, completing
1 min of disturbance. Behavioral experiments were performed
with fourth instar nymphs that had been starved for 10–25 days
after molting. Insects were used once and then discarded.
2.2. Treatment groups

The contents of the Brindley’s glands were compared among
insects from different treatment groups as follows: (a) undisturbed
pharate adults just before imaginal ecdysis (N = 11); (b) undis-
turbed newly (up to 3 h) molted adults before (N = 10) and after
cuticle hardening (N = 17); (c) undisturbed 1-month old adults
(N = 7); (d) unfed adults that discharged their glands once, dis-
sected 3 h (N = 14), 24 h (N = 9) and 1 week (N = 9) after distur-
bance; (e) unfed adults that discharged their glands three (N = 9),
four (N = 9) or five (N = 6) times on a weekly basis, all dissected
one week after the last disturbance; (f) fed adults (N = 9) that dis-
charged their glands weekly for three weeks, dissected 1 week
after the last disturbance.

Pharate adults were identified as unsclerotized pink cuticle can
be seen by transparency inside fifth instar nymph cuticle.

2.3. Brindley’s gland dissection

The insects were chilled and affixed to dissecting dishes with
modeling clay, leaving their thorax and abdomen exposed ven-
trally. This chilling process was previously used and showed to
prevent the discharge of glands’ content (Manrique et al., 2006;
Vitta et al., 2009). Besides, the glands were dissected with micro-
surgical scissors under ice-cold Ringer’s solution (Case, 1957)
avoiding glands’ release during the dissection procedure. Lateral
incisions were performed from the 2nd abdominal sternite up to
the thorax, and a median incision was cut along the abdomen to
remove the ventral cuticle, thereby exposing the glands. These
were then excised and placed individually into a glass vial (2 mL)
with 0.5 mL of dichloromethane (Merck Química, Argentina). The
vials with glands and solvent (gland extracts) were immediately
stored at �20 �C until chemical analyses, which were conducted
no later than 48 h after gland dissections.

2.4. Gland extraction and analysis

The degree of filling of the Brindley’s glands was assessed by
measuring their isobutyric acid contents. Prior to the analysis,
the gland extracts were sonicated (Branson 200, Taiwan) for
10 min, and with no further purification they were injected in a
gas chromatograph (GC). The analyses were performed on a HP
5890 Series II Gas Chromatograph, equipped with a polar fused sil-
ica capillary column (DB-WAX, 30 m � 0.25 mm id, 0.25 lm film
thickness, J & W Scientific, USA). Hydrogen was used as carrier
gas (1 mL/min) and injections (1 lL) were made in the splitless
mode. The injector and detector (FID) temperatures were 220 �C
and 250 �C, respectively, and the column oven was heated from
40 �C (4 min) up to 250 �C at a rate of 7 �C/min. The injection pro-
cedure of gland extracts did not block the capillary column because
we injected the solvent of the upper part of the vial assuming that
the solid residues of the gland extracts remained at the bottom of
the vial.

The isobutyric acid contents were determined from a calibration
curve (r2 = 0.9992) obtained from peak areas of standard solutions
of isobutyric acid (Fluka, Germany) in dichloromethane, with con-
centrations of 4, 10, 20, 50 and 100 ppm. The standard solutions
were injected under the same conditions described for the gland
extracts. The identification of isobutyric acid in the gland extracts
was confirmed by comparison of the retention time and mass spec-
trum of the chromatographic peak in the gland extract, with those
of the synthetic standard [diagnostic ions (%): 88 (M+, 10), 73 (42),
71 (3), 60 (5), 45 (14), 43 (100), 42 (14), 41 (52), 39 (16)].

2.5. Alarm behavior bioassays

When exposed to volatiles released by disturbed adults,
nymphs show increased locomotion activity and escaping response
(Manrique et al., 2006), indicating that these volatiles function as
an alarm pheromone in T. infestans. The degree of filling of the
Brindley’s glands may have an effect on their biological function.
Therefore, gland volatile emissions from adults with different
treatments (disturbed/undisturbed; fed/unfed) were evaluated in
regards to the alarm response they elicited on nymphs.

Adult odors were tested on fourth instar nymphs using an
experimental arena without air current (Minoli et al., 2013). It
consisted in a rectangular acrylic arena (15 � 10 � 4 cm) covered
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by a transparent lid, with two holes on the floor (diam. 2.5 cm).
This arena was attached to a lower chamber (15 � 10 � 1 cm) that
was divided into two equal sections by an odor-impermeable
transversal plate. Each section of the lower chamber was in turn
communicated to a flask (10 mL) screwed through an opening in
its floor, which contained the odor source.

The odor flasks contained one live T. infestans adult, and the
dyads tested in the bioassays were as follows: (a) undisturbed
adult placed in each flask (control experiment); (b) unfed adult
disturbed for the first time just prior to the bioassay vs. an undis-
turbed adult; (c) unfed adult disturbed for the fourth time (weekly)
just prior to the bioassay vs. an undisturbed adult; and (d) fed adult
disturbed for the fourth time (weekly) just prior to the bioassay vs.
an undisturbed adult. The treatment (a) (control experiment) was
conducted to discard any spatial heterogeneity due to the experi-
mental design used. As this control did not differ from a random
distribution (see Results) the results obtained could be assigned
to the effect of the tested odors.

The walking area in the arena was covered with filter paper cut
with holes that matched those on the floor to allow diffusion of
odors. The paper was exchanged after every replicate to avoid
any chemical cue left by the tested nymphs. The bioassay was done
with individual fourth instar nymphs, which were placed in the
arena immediately after screwing the flasks with the volatile stim-
uli. The nymphs were placed in the middle of the arena and left
covered with a flask for 1 min, after which it was released and its
behavior registered during 4 min by means of a videocamera con-
nected to a digital recorder.

To asses differences between experimental dyads, the time
spent in each side of the arena was registered, and a preference
index (PI) ranging from �1 to 1 was calculated as PI = (T � 120)/
120, where T is the time in seconds spent in the side of the arena
opposite to the undisturbed adult, which served as control. There-
fore, PIs near �1, 0 or 1 indicate repellence, no effect, or attraction
to the tested stimulus, respectively. The assignment of the odor
source to each flask was reversed after every replicate to eliminate
directional bias. The experiments were conducted under 50 ± 10%
RH, 25 ± 1 �C, during the first 5 h of the scotophase, when
T. infestans show maximal activity (Lazzari, 1992).
Fig. 1. Isobutyric acid contents (relative to 1 AEq) in glands from undisturbed
adults at different developmental stages. Error bars indicate SE, asterisks indicate a
significant difference with 1 AEq (t-test, P < 0.05). Different letters within bars
represent significant differences among groups (One-way ANOVA followed by
Fisher’s Test, P < 0.05).
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2.6. Statistical analysis

The amount of isobutyric acid present in the Brindley’s glands
of insects from different treatment groups were registered and
expressed in relation to the amount found in the Brindley’s glands
of undisturbed, newly-molted adults after cuticle hardening. This
amount (henceforth referred to 1 adult-equivalent or 1 AEq) was
regarded as the average value representing full adult glands. Differ-
ences between the AEq of each treatment group and the content of
full glands (i.e., AEq = 1) were analyzed by One-Sample t-tests.
Differences between two or more treatments were assessed by
comparing the absolute value of isobutyric acid present in the
glands by means of t-tests or One-way ANOVA followed by Fisher’s
multiple comparisons. The orientation responses in the behavioral
bioassays (PIs) were assessed by means of One-Sample t-tests
(Ho: PI = 0) (Zar, 1996).
0.0
3 hours 1 day 7 days

aA

Post-disturbance time

Fig. 2. Isobutyric acid contents (relative to 1 AEq) in glands from once-disturbed
adults, dissected 3 h, 1 day or 7 days after the disturbance event. Error bars indicate
SE, asterisks indicate a significant difference with 1 AEq (t-test, P < 0.05). Different
letters within bars represent significant differences among groups (One-way
ANOVA followed by Fisher’s Test, P < 0.05).
3. Results

3.1. Brindley’s gland contents in undisturbed adults and the
relationship with adult development

The isobutyric acid contents of the Brindley’s glands of undis-
turbed adults just after cuticle hardening was 5.7 ± 0.7 lg/gland
(mean ± SE, N = 17). Taking into account that each adult presents
a pair of Brindley’s glands, we estimated 11.4 lg as the value of
one adult-equivalent (1 AEq, shown in Figs. 1–4 with a dotted line).

The gland contents of pharates, newly-molted adults with soft
cuticle, and one-month old adults, are shown in Fig. 1. When
compared to 1 AEq, glands from pharates contained significantly
lower isobutyric acid (0.2 AEq, P < 0.05, t-test), while no differences
from 1 AEq were found for newly-molted unsclerotized adults or
one-month old adults (P > 0.05, t-test). The isobutyric acid contents
were also different among treatment groups (One-way ANOVA,
P < 0.05), with glands from pharates containing significantly lower
isobutyric acid than newly-molted adults with soft cuticle
(P = 0.031, Fisher’s test). Gland contents from undisturbed one-
month old adults were intermediate, and did not show significant
differences with either group (P > 0.05, Fisher’s test).
3.2. Gland reloading after a single disturbance

Gland discharge significantly affected the isobutyric acid avail-
able in the glands for future discharges (One-way ANOVA, P < 0.05,
Fig. 2). A single discharge decreased on average 75% of the gland
contents, from 5.7 ± 0.7 lg/gland found in undisturbed adults
(1 AEq), to 1.5 ± 0.2 lg/gland (mean ± SE, N = 14) found 3 h after
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Fig. 4. Isobutyric acid contents (relative to 1 AEq) in glands from adults disturbed
three times, according to their feeding status. Error bars indicate SE, asterisks
indicate a significant difference from 1 AEq (t-test, P < 0.05). Different letters within
bars represent significant differences among groups (One-way ANOVA followed by
Fisher’s Test, P < 0.05).
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the discharge (P < 0.05, t-test, Fig. 2). While one week was not
enough to recover the initial (1 AEq) isobutyric acid contents
(P < 0.015, t-test, Fig. 2), the gland contents one week after a single
discharge were significantly higher than 3 h after disturbance
(Fisher’s test, P < 0.01). The gland contents one day after the dis-
charge were intermediate, indicating that gland reloading occurs
gradually.

3.3. Brindley’s glands contents after several disturbances

Multiple gland discharges significantly reduced the contents of
the Brindley’s glands (One-way ANOVA, P = 0.022, Fig. 3). Glands
that were discharged three or more times presented lower
amounts of isobutyric acid than those discharged only once, even
considering that one week was allowed for gland recovery after
the last disturbance. Indeed, when comparing gland contents in
adults disturbed one, three, four or five times (weekly), a signifi-
cant progressive decrease in isobutyric acid can be observed
(Fisher’s test, P = 0.002, Fig. 3).

3.4. Nutritional status and gland reloading

Feeding had a significant effect in the insect’s capacity to reload
the Brindley’s glands (t-test, P = 0.001, see different letters in
Fig. 4). While the isobutyric acid contents of unfed adults that
discharged their glands three times were significantly lower than
1 AEq (Fig. 4), fed adults under the same conditions (fed after the
last disturbance event) fully recovered the original (1 AEq) isobu-
tyric acid contents (t-test, P > 0.05).

3.5. Alarm behavior bioassays

The behavioral bioassays showed that nymphs respond differ-
ently when exposed to volatiles from adults with different histo-
ries of disturbance and feeding (Fig. 5). The preference index (PI)
of nymphs, which expresses the relative time spent in each side
of the arena, was not significantly different from zero when the
nymphs were exposed to odors from two undisturbed adults (con-
trol experiment, treatment a in Section 2.5, Fig. 5). The nymphs sig-
nificantly avoided the side of the arena containing volatiles from an
unfed when it was disturbed for the first time (treatment b), but
such response was not observed when the adults had been
disturbed weekly for four weeks, and remained unfed during that
period (treatment c). Finally, volatiles from adults that had been
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Fig. 3. Isobutyric acid contents (relative to 1 AEq) in glands from adults disturbed
one, three, four or five times, on a weekly basis. Error bars indicate SE, asterisks
indicate a significant difference with 1 AEq (t-test, P < 0.05). Different letters within
bars represent significant differences among groups (One-way ANOVA followed by
Fisher’s Test, P < 0.05).
similarly disturbed, but had access to food during the four-week
period, caused an escape response on the nymphs (treatment d,
Fig. 5).
4. Discussion

Our results describe the filling state and reloading dynamics of
the Brindley’s glands in T. infestans under different scenarios of
development, number of discharging events and feeding condi-
tions. The development of the Brindley’s glands occurs during the
fifth nymphal instar, and ends just before imaginal ecdysis
(Millen et al., 1979). We found that the glands are not fully loaded
at the pharate stage, but as soon as the insect molts into an adult,
even before cuticle hardening, the gland contents reach a maxi-
mum and remain unchanged if no discharges are triggered. Since
the fifth-instar cuticle covers the pharate adult, and there are no
gland openings at this stage, it can be expected that the Brindley’s
glands remain non-functional, explaining the low contents found
in this study. After ecdysis, however, the glands must become
quickly loaded and functional for the new adult to be defended,
and this also correlates with our findings.

When disturbed, the insect discharges most of its gland con-
tents, but about 25% of the original secretion remains available
for further discharges. The glands are then gradually reloaded, even
if the insect has no access to food. Although not fully recovered
within one week, the glands can be discharged several times on a
weekly basis, resulting in a progressive decrease in the remaining
gland contents. As it may be expected, our results show that the
gland contents recover remarkably to their original levels when
blood meals are available to the insects.

Chemical analyses of gland contents also correlated with our
behavioral bioassays for testing alarm-pheromone activity. While
the first adult discharge elicited an escape response in conspecific
nymphs, gland discharges from adults that had been disturbed sev-
eral times did not, unless the insect had access to blood meals prior
to the test. This indicates that the discharge of the Brindely’s glands
bears a physiological and ecological cost to the insect. Inasmuch as
feeding is required for gland reloading, it seems clear that resource
allocation must be directed towards this process. Moreover, at
least regarding their alarm function, the glands become less effi-
cient after several discharges, and one may presume that their
defensive role also becomes compromised.

Feeding frequency in T. infestans has been studied under differ-
ent conditions, and this information provides a relevant context to
our study. Factors such as host availability and defensive behavior,
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the degree of domestication of the insects, as well as seasonal
environmental conditions, are all important variables affecting
the feeding rate of T. infestans (Catalá, 1991; Lehane, 1991; López
et al., 1999; Ceballos et al., 2005). In peridomestic populations,
for instance, adults fed every 2.9, 4.3, 7 and 5.6 days in spring, sum-
mer, fall and winter, respectively (Ceballos et al., 2005). Domestic
populations, however, predictably show more stable feeding rates
of 4 days between meals (Gürtler et al., 2014). As a whole, feeding
rates in T. infestans are high, and according to our results, this
would imply that the Brindley’s glands are probably full most of
the time.

Of course, the natural frequency of gland discharges should also
be taken into account, but no specific studies are available on this
subject. Triatomine bugs avoid light, and during daytime they
usually remain relatively inactive, aggregated in protected sites.
At night, they must leave their shelters in order to feed, becoming
exposed to predation, either by the hosts themselves or during host
location. While the frequency of such hazardous encounters
is unknown under natural conditions, the gregarious nature of
T. infestans probably assures that even if one individual has dis-
charged its glands before, others may compensate the resulting
loss for alarm signaling. Such gregarious behavior, in which
juvenile and adults coexist, emphasizes the relevance of alarm
pheromones that function across life stages. Although in a natural
scenario a prolonged and complex disturbance procedure such as
the one used for us probably never occurs, we decided to standard-
ize the disturbance procedure to assure the release of the alarm
pheromone in order the treatments to be comparable. It is possible
that our prolonged disturbance procedure evoked a higher release
of alarm pheromone than that evoked by natural disturbance
stimuli. Therefore, the amount of isobutyric acid found to be
released in this work could be overestimated and the refilling
times in a natural situation could be shorter.

In short, when taking into account the natural history of
T. infestans, our results strongly suggest that the filling dynamics
of Brindley’s glands play a significant role in the intraspecific
communication of this Chagas disease vector.

Acknowledgements

The authors are deeply indebted to the staff members of our
laboratories for many fruitful discussions. This investigation
received financial support from the ANPCyT (PICT 01191), CONICET
and Universidad de Buenos Aires, Argentina.
References

Baldwin, I.T., Dusenbery, D.B., Eisner, T., 1990. Squirting and refilling: dynamics of
p-benzoquinone production in defensive glands of Diploptera punctata. J. Chem.
Ecol. 16 (10), 2823–2834.

Bohman, B., Tröger, A., Franke, S., Lorenzo, M.G., Francke, W., Unelius, C.R., 2011.
Structure elucidation and synthesis of dioxolanes emitted by two Triatoma
species (Hemiptera: Reduviidae). J. Nat. Prod. 74 (4), 690–694.

Brindley, M.D.H., 1930. On the metasternal scent glands of certain Heteroptera.
Trans. R. Entomol. Soc. London 78 (2), 199–208.

Carayon, J., Usinger, R.L., Wygodzinsky, P., 1958. Notes on the higher classification of
the Reduviidae, with the description of a new tribe of the Phymatinae. Revue de
zoologie et de botanique africaines 57, 256–281.

Case, R., 1957. Differential of the effect of pH and CO2 on the spiracular function of
insect. J. Cell Comp. Physiol. 49, 103–113.

Catalá, S., 1991. The biting rate of Triatoma infestans in Argentina. Med. Vet.
Entomol. 5, 325–333.

Ceballos, L.A., Vazquez-Prokopec, G.M., Cecere, M.C., Marcet, P.L., Gurtler, R.E., 2005.
Feeding rates, nutritional status and flight dispersal potential of peridomestic
populations of Triatoma infestans in rural northwestern Argentina. Acta Trop.
95, 149–159.

Crespo, J.G., Manrique, G., 2007. Mating behavior of the haematophagous bug
Triatoma infestans: role of Brindley’s and metasternal glands. J. Insect Physiol.
53, 708–714.

Cruz López, L., Morgan, E.D., Ondarza, R.N., 1995. Brindley’s gland exocrine products
of Triatoma infestans. Med. Vet. Entomol. 9, 403–406.

Gürtler, R.E., Cecere, M.C., Vázquez-Prokopec, G.M., Ceballos, L.A., Gurevitz, J.M.,
Fernández, M.P., Kitron, U., Cohen, J.E., 2014. Domestic animal hosts strongly
influence human-feeding rates of the Chagas disease vector Triatoma infestans
in Argentina. PLoS Negl. Trop. Dis. 8 (5), e2894. http://dx.doi.org/10.1371/
journal.pntd.0002894.

Kälin, M., Barrett, F.M., 1975. Observations on the anatomy, histology, release-site,
and function of Brindley’s gland in the blood-sucking bug Rhodnius prolixus.
Ann. Entomol. Soc. Am. 68, 126–134.

Kearsley, M.J.C., Whitham, T.G., 1992. Guns and butter: a no cost defense against
predation for Chrysomela confluens. Oecologia 92 (4), 556–562.

Lazzari, C.R., 1992. Circadian organization of locomotion activity in the
haematophagous bug Triatoma infestans. J. Insect Physiol. 38, 895–903.

Lehane, M.J., 1991. Location of the host. In: Lehane, M.J. (Ed.), Biology of Blood-
sucking Insects. Harper Collins Academic, London, pp. 25–51.

López, A., Crocco, L., Morales, G., Catalá, S., 1999. Feeding frequency and nutritional
status of peridomestic populations of Triatoma infestans from Argentina. Acta
Trop. 73, 275–281.

Manrique, G., Lorenzo, M.G., 2012. The sexual behaviour of Chagas’ disease vectors:
chemical signals mediating communication between male and female
triatomine bugs. Psyche 2012, 1–8. http://dx.doi.org/10.1155/2012/862891
(Article ID 862891).

Manrique, G., Vitta, A.C.R., Ferreira, R.A., Zani, C.L., Rikard Unelius, C., Lazzari, C.R.,
Diotaiuti, L., Lorenzo, M.G., 2006. Chemical communication in Chagas disease
vectors. Source, identity, and potential function of volatiles released by the

http://refhub.elsevier.com/S0022-1910(14)00207-8/h0005
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0005
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0005
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0010
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0010
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0010
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0015
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0015
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0020
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0020
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0020
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0025
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0025
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0025
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0030
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0030
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0035
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0035
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0035
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0035
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0040
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0040
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0040
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0045
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0045
http://dx.doi.org/10.1371/journal.pntd.0002894
http://dx.doi.org/10.1371/journal.pntd.0002894
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0055
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0055
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0055
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0060
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0060
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0065
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0065
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0070
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0070
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0075
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0075
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0075
http://dx.doi.org/10.1155/2012/862891
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0085
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0085
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0085


F. Palottini et al. / Journal of Insect Physiology 71 (2014) 122–127 127
Metasternal and Brindley’s glands of Triatoma infestans adults. J. Chem. Ecol. 32,
2035–2052.

Millen, B.F., Barrett, F.M., Lai-Fook, J., 1979. The Brindley’s glands of Rhodnius
prolixus. II. Development of the glands during the fifth instar. Can. J. Zool. 57,
1120–1128.

Minoli, S.A., Palottini, F., Crespo, J.G., Manrique, G., 2013. Dislodgement effect of
natural semiochemicals released by exocrine glands of disturbed adult
triatomines (Hemiptera: Reduviidae). J. Vector Ecol. 38 (2), 353–360.

Pontes, G.B., Bohman, B., Unelius, C.R., Lorenzo, M.G., 2008. Metasternal gland
volatiles and sexual communication in the triatomine bug, Rhodnius prolixus. J.
Chem. Ecol. 34, 450–457.

Rojas, J.C., Rios-Candelaria, E., Cruz López, L., Santiesteban, A., Bond-Compean, J.G.,
Brindis, Y., Malo, E.A., 2002. A reinvestigation of Brindley’s gland exocrine
compounds of Rhodnius prolixus (Hemiptera: Reduviidae). J. Med. Entomol. 39,
256–265.

Rossini, C., Attygalle, A.B., González, A., Smedley, S.R., Eisner, M., Meinwald, J.,
Eisner, T., 1997. Defensive production of formic acid (80%) by a carabid beetle
(Galerita lecontei). Proc. Natl. Acad. Sci. 94 (13), 6792–6797.

Rossiter, M., Staddon, B.W., 1983. 3-Methyl-2-hexanone from the triatominae bug
Dipetalogaster maximus (Uhler) (Heteroptera: Reduviidae). Experientia 39, 380–
381.

Schofield, C.J., 1979. The behaviour of Triatominae (Hemiptera: Reduviidae): a
review. Bull. Entomol. Res. 69 (3), 363–379.
Schofield, C.J., Upton, C.P., 1978. Brindley’s scent-glands and the metasternal scent-
glands of Panstrongylus megistus (Hemiptera, Reduviidae, Triatominae). Rev.
Bras. Biol. 38, 665–678.

Staddon, B.W., 1983. The scent glands of Heteroptera. Adv. Insect Physiol. 14, 131–157.
Unelius, C.R., Bohman, B., Lorenzo, M.G., Tröger, A., Franke, S., Francke, W., 2010. (4

S,5 S)-2,2,4-Triethyl-5-methyl-1,3-dioxolane: a new volatile released by a
triatomine bug. Org. Lett. 12 (24), 5601–5603.

Vitta, A.C.R., Bohman, B., Unelius, C.R., Lorenzo, M., 2009. Behavioral and
electrophysiological responses of Triatoma brasiliensis males to volatiles
produced in the metasternal glands of females. J. Chem. Ecol. 35, 1212–1221.

Ward, J.P., 1981. A comparison of the behavioural responses of the haematophagous
bug, Triatoma infestans to synthetic homologues of two naturally occurring
chemicals (n- and isobutyric acid). Physiol. Entomol. 6, 325–329.

Weirauch, C., 2006. Dorsal abdominal glands in adult Reduviidae (Heteroptera,
Cimicomorpha). Dtsch. Entomol. Z. 53 (1), 91–102.

Whitman, D.W., Jones, C.G., Blum, M.S., 1992. Defensive secretion production in
lubber grasshoppers (Orthoptera, Romaleidae) – influence of age, sex, diet and
discharge frequency. Ann. Entomol. Soc. Am. 85 (1), 96–102.

Zacharias, C.A., Pontes, G.B., Lorenzo, M.G., Manrique, G., 2010. Flight initiation by
male Rhodnius prolixus is promoted by female odors. J. Chem. Ecol. 36 (4), 449–
451.

Zar, J.H., 1996. Biostatistical Analysis, third ed. Prentice-Hall, Englewood Cliffs, New
Jersey (p. 661).

http://refhub.elsevier.com/S0022-1910(14)00207-8/h0085
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0085
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0090
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0090
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0090
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0095
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0095
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0095
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0100
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0100
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0100
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0105
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0105
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0105
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0105
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0110
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0110
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0110
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0115
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0115
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0115
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0120
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0120
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0125
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0125
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0125
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0130
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0135
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0135
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0135
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0140
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0140
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0140
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0145
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0145
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0145
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0150
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0150
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0155
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0155
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0155
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0160
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0160
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0160
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0165
http://refhub.elsevier.com/S0022-1910(14)00207-8/h0165

	Filling dynamics of the Brindley’s glands in the blood-sucking bug Triatoma infestans (Hemiptera: Reduviidae)
	1 Introduction
	2 Materials and methods
	2.1 Insects
	2.2 Treatment groups
	2.3 Brindley’s gland dissection
	2.4 Gland extraction and analysis
	2.5 Alarm behavior bioassays
	2.6 Statistical analysis

	3 Results
	3.1 Brindley’s gland contents in undisturbed adults and the relationship with adult development
	3.2 Gland reloading after a single disturbance
	3.3 Brindley’s glands contents after several disturbances
	3.4 Nutritional status and gland reloading
	3.5 Alarm behavior bioassays

	4 Discussion
	Acknowledgements
	References


