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ABSTRACT: Triatoma infestans, a blood-feeding insect, synchronises physiological mechanisms leading to
moult with food intake. Since the corpora allata are important in moult and metamorphosis regulation, we
have studied morphological changes in 4th instar nymphs (gland size, cell density, percent of animals showing
mitoses and cell size). Changes were correlated with the effect of precocene II, epidermal proliferation, and
with the extent of the “head critical period”. Based on morphological grounds, three stages can be defined in
the gland along the 4th instar: Stage 1 (days 0-2 after feeding) showed small corpora allata, composed by a
small number of cells, and in which mitoses were absent; Stage 2  (days 3-9) showed growing corpora allata,
in which cell number was increasing and proliferation was apparent; and Stage 3 (days 10-13) showed no
mitotic activity, and a sharply diminishing size of the gland, as a consequence of the diminishing size of their
cells. The ability of precocene II to induce abnormal moulting disappeared during stage 2 correlating with the
termination of the head critical period and suggesting that corpora allata are essential during days 3 to 5 to
determine normal growth. Epidermal cell number was increasing as a consequence of more frequent mitotic
activity, beginning after the finalization of the head critical period and after a first increment in the size of the
gland.
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Introduction

The Chagas disease vector Triatoma infestans
(Klug 1834) (Hemiptera, Reduviidae) is a blood-feed-
ing insect in which physiological mechanisms leading
to moult are synchronised with food intake. Once blood
intake is accomplished, neurosecretions from the
protocerebrum act on the corpora allata and on the
prothoracic glands stimulating the secretion of both ju-
venile hormones and ecdysteroids (Steel et al., 1982).
Co-ordinated activity of these hormones regulates

growth and metamorphosis (Dubrovsky, 2005), involv-
ing proliferation and differentiation on target tissues.

Except for the work of Baehr et al. (1978), infor-
mation regarding variations of juvenile hormones’ cir-
culating levels in triatomine insects is scarce. Several
authors have proposed that morphological variations of
the corpora allata correlate well with juvenile hormones
synthetic activity (Szibbo and Tobe, 1981; Sedlak, 1983;
Tobe et al., 1984; Johnson et al., 1993; Chang et al.,
2005). Therefore, we studied morphological changes in
the corpora allata (organ size, cell number and size, and
mitotic activity) and correlated them with the extent of
the “head critical period” (Wigglesworth, 1934), the
ability of precocene II to induce abnormal moulting,
and changes in cell number and mitotic activity in the
abdominal epidermis along the 4th instar of T. infestans.
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Materials and Methods

Insects

Fourth-instar Triatoma infestans nymphs were ob-
tained from an artificial colony maintained at 28ºC and
40% relative humidity, under a 12:12 hours light-dark
period. Insects reaching the 4th instar were isolated and
starved during 21 days before an ad libitum blood meal
(from chicken) was offered. Under these conditions, the
duration of the 4th instar was 13±1 days, reaching
apolysis on day 10. Groups of 4-8 insects were sacri-
ficed immediately before (non-fed insects, Day 0) or
on different days after the blood meal.

Morphological analysis of the corpora allata

Corpora allata, together with the brain, the corpora
cardiaca and the surrounding organs, were dissected and
fixed in Bouin solution during 12 hours, dehydrated and
embedded in paraffin for histological analysis.

Every brain-corpora cardiaca-corpora allata com-
plex was cut serially (3 μm thick) along its longitudinal
axis and stained with hematoxylin and eosin. The size
of the corpora allata was estimated based on the area of
the largest section obtained, which was amplified by
the use of a camera lucida. The area was calculated by
the Simpson’s integrated area methodology: briefly, a
number of intervals were traced along the main axis of
the surface, and the distances between borders for each
interval were recorded. The area was calculated as:

Area = I/3 + (4O + 2P + E)
where I: value of the interval; O: summation of odd in-
tervals; P: summation of the pairs intervals and E: ex-
treme value.

The number of cells in the gland was estimated as
the number of cells contained in each largest section.
The relative changes in the gland’s cell size were also
estimated as the mean number of cells contained in an
arbitrary area of 1 mm2. So, increases in the number of
cells/mm2 reflected a minor mean cell size, while de-
creases in this relation reflected an increase in mean
cell size. The occurrence of mitoses (or not) was also
recorded in each studied gland.

Effects of precocene II

One hundred μg of precocene II (6,7-dimethoxy-
2,2-dimethylchromene, Sigma Chemical Company), an
inhibitor of juvenile hormone production, diluted in 5

μl of acetone, were topically administered as a single
dose, either on the day before feeding or on days 1-7
after blood intake. A group of 15 insects was treated
topically with acetone as control. After moult, mor-
phological alterations in the resulting adultoids were
observed and the percentage of insects reaching ab-
normal moults on each day of treatment was recorded.
Finally, adultoids were dissected to observe gonadal
development.

Determination of the head critical period

Groups of insects were decapitated at different times
before and after blood intake to determine the head criti-
cal period (Wigglesworth, 1934). After decapitation, the
prothorax was sealed with wax. Insects were sacrificed
on day 10 (day of apolysis) and the percentage of in-
sects effectively reaching apolysis was recorded.

Epidermal growth and proliferation

To evaluate epidermal growth, the dorsal part of
the abdominal epidermis of insects sacrificed between
days 1 and 9 after blood intake were dissected and whole
mounted after staining with hematoxylin and eosin.  The
total number of cells in a microscopic field (1000x) was

FIGURE 1. Histological sections of the corpora allata and

surrounding organs of 4th instar nymphs of Triatoma infestans,

at different times after blood intake. (A) Longitudinal section

through the corpora allata, on day 8 after blood intake, show-

ing its anatomical relation with the corpora cardiaca. Scale

bar represents 50 μm (B) Transverse section through the

corpora allata, 1 day after blood intake and (C) 6 days after

blood intake showing two mitotic figures (1000x). Scale bars

in B and C represent 25 μm. ca: corpora allata; cc: corpora

cardiaca; ao: aorta.
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recorded for each insect. The percentage of insects pre-
senting proliferating epidermis (i.e. showing mitotic
figures) was also recorded in the same experiment.

Results

Morphological changes in the corpora allata

Corpora allata, corpora cardiaca, and surrounding
organs are shown in figure 1a.

The size of the gland increased after blood intake,
reaching two peaks, the first one on day 4 and the sec-
ond one on day 8. Then, the size decreased slowly until
ecdysis occurred (Fig. 2a). Cell number also increased
after blood intake, reaching a peak between days 11 and
12 (Fig. 2b). The percent of animals showing prolifer-
ating glands was restricted to a period ranging from days
3 to 9 (reaching a 100% peak on day 5; Fig. 2c). The
cell size reached a maximum on day 4 and decreased
slowly thereafter, reaching minimal values towards the
end of the cycle (Fig. 2d).

Effects of precocene II

Single dose administration of precocene II, either
on day 0 (before feeding), or on each of days 1 to 7 after
feeding, resulted in different percentages of nymphs with

morphological alterations (adultoids) after moulting.
Adultoids retained some juvenile characters while ac-
quired several morphological characters of the imago
such as an adult-like thorax, connexives and ocelli. The
wings were present but they were not properly devel-
oped. None of the adultoids were able to feed, and most
of them died after a few days or during ecdysis. Genita-
lia were developed but the insects were sexually imma-
ture. On the contrary, all control insects showed normal
ecdysis to 5th instar nymphs.

The percent of adultoids obtained after each treat-
ment is presented in figure 3a. All treated nymphs on
days 0, 1 and 2 after blood meal resulted in adultoids.
After this, the number of adultoids decreased, and
precocene II treatment was totally ineffective when ad-
ministered on days 6-7 after blood intake.

Head critical period

Head ablation performed on days 0 to 4 was fol-
lowed by inhibition of apolysis in all insects treated.
The percent of animals displaying apolysis increased
steeply from 50 to 100% when the head was ablated on
days 5-9 after the meal (Fig. 3b).

FIGURE 2. Morphological changes in the corpora allata of

4th instar nymphs of Triatoma infestans. (A) Gland size (sur-

face of largest section in μm2). (B) Gland cell number (esti-

mated as the number of cells in the largest section obtained).

(C) Percent of nymphal glands showing mitoses. (D) Cell size

(estimated through the number of cells/mm2 relation). Each

point represents mean ± SE of 4-7 cases.

FIGURE 3. (a) Percent of adultoids obtained after treat-

ment of Triatoma infestans 4th instar nymphs with a single

topical dose of 100 μg of precocene II, on different days

before (day 0) and after blood meal (days 1-7). (b) Exten-

sion of the head critical period as shown by the percent of

nymphs reaching apolysis on day 10 after blood feeding.

Epidermal proliferation

Proliferation in epidermis (that precede and prepare
for apolysis and moulting) were studied by determining
the percent of animals showing epidermal mitoses (Fig.
4a) and by evaluation of the epidermal cell number (Fig.
4b). Mitotic activity was restricted to a period between
days 4 and 8 after blood intake. Cell number increased
steadily, reaching peak values on day 9.
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Discussion

On the basis of the morphological changes observed
in the current study, three stages can be defined in the
corpora allata along the moulting cycle in 4th instar Tri-
atoma infestans (Figs. 1 and 2): Stage 1  (days 0-2 after
feeding), in which the corpora allata were small, cells
were large, but their cell number was low and mitoses
were absent (Fig. 1b); Stage 2  (days 3-9), in which the
corpora allata were growing, the number of cells was
increasing and proliferation was occurring to different
extents (Fig. 1c); and Stage 3 (days 10-13), in which
the size of the corpora allata diminished sharply, as a
consequence of the diminishing size of their cells, and
in which it was no mitotic activity. During Stage 2, the
ability of precocene II to induce abnormal moulting dis-
appeared, coinciding with the finalization of the head
critical period and the first increment of the size of the
corpora allata (Figs. 2 and 3). Concomitantly to cor-
pora allata stage 2, epidermal cell number was increas-
ing as a consequence of more frequent mitoses (Fig. 4).

The existence of correlative changes in the morphol-
ogy of the corpora allata and the synthesis and circulat-
ing titers of juvenile hormones has been postulated for
several insect species (Wigglesworth, 1934, 1936, 1948;
Scharrer, 1971, 1978; Lanzrein, 1978; Szibbo and Tobe,
1981; Sedlack, 1983; Tobe et al., 1984). Our results sug-
gest that corpora allata develops the highest activity dur-
ing Stage 2, (i.e. between days 3-9 after blood intake).

The analysis of changes in the size of the corpora
allata also suggests that the gland develops its activity
mainly during stage 2 (reaching two peaks on days 4
and 8 after blood intake). Both peaks are preceded by
an increase of the number of cells of the gland.

Szibbo and Tobe (1981) and Tobe et al. (1984) re-
ferred that, increments in the total number of cells in
the corpora allata correlates with higher levels of both
synthesis and circulating titers of juvenile hormones.
The preceding high proliferation in the gland could be
a condition to augment the synthetic machinery to pro-
duce great quantities of juvenile hormones (Tobe et al.,
1984). Baehr et al. (1978) showed the existence of two
peaks of juvenile hormones, as well as high titers of the
hormone between both peaks during the 4th instar of
another triatomine species. Accordingly, both gland size
and cell density reached its height during the Stage 2;
besides that, a transient increase occurred in both gland
size and cell density on day 4 after feeding during the
4th instar of T. infestans (Figs. 2a and 2b).

From day 9 and up to moulting on day 13 the num-
ber of cells per gland was still increasing, reaching a
maximum between days 10-12, but the size of the cells
and the size of the gland decreased, suggesting that the
gland is developing a low activity during Stage 3. How-
ever, the increment in the number of cells might be ad-
vantageous after metamorphosis, when juvenile hor-
mones will be actively involved in reproductive
processes.

Precocene II is a plant-derived compound which
induces corpora allata atrophy and leads to abnormal
moults in several insect species (Bowers and Martinez-
Pardo, 1977; Pratt and Bowers, 1977; Unnithan et al.,
1977; Liechty and Sedlak, 1978; Pener et al., 1978;
Schooneveld, 1979). Since it may induce atrophy of the
corpora allata, it has been used to provoke a kind of
chemical allatectomy.  In this way, the importance of
juvenile hormones on different physiological processes
as muscle maturation (Rose et al., 2001), dealation in
ants (Burns et al., 2002), control of wing development
(Bertuso et al., 2002) or fatty acids metabolism (Chen
et al., 2005) have been studied. As it would be expected,
its effects are reverted by juvenile hormone treatment
(Garcia et al., 1987).

A single topical dose (100 μg) of precocene II led
to abnormal moults in all cases treated between days 0-
2 after blood intake, and became completely ineffective
after day 5. It seems therefore, that precocene II is mainly
effective during stage 1. As this compound was only
partially effective during days 3-5, coinciding with the
first peak of the size of the corpora allata, it may be
hypothesised that gland activity during these days could
be critical for the genetic reprogramming of target tis-
sues like the epidermis.

The activity of the corpora allata is supposed to
be regulated by signals coming from the brain

FIGURE 4. Changes in the abdominal epidermis of Triatoma

infestans 4th instar nymphs during the first nine days of the

moulting cycle. (a) Percent of nymphs showing epidermal

mitoses. (b) Cell density (number of cells per optical field)

(1000x). Each point represents mean ± SE of 4-7 cases.
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(Wiggesworth, 1934). The neuropeptide allatotropin,
isolated on the basis of its ability to stimulate the syn-
thesis of juvenile hormones, has been found and
characterised in several insect species (Kataoka et al.,
1989; Veenstra and Costes, 1999; Truesdell et al., 2000;
Lee et al., 2002; Park et al., 2002; Abdel-latief et al.,
2003). We have recently shown the presence of an
allatotropin-like peptide in the Malpighian tubules of
T. infestans, establishing for the first time the endo-
crine function of the renal tubules in insects and the
presence of this peptide also in the digestive system
(Santini and Ronderos, 2007; Santini and Ronderos,
2009 a, b).

Preliminary results suggest the presence of axonal
fibres which express an allatotropin-like peptide and
reach the corpora allata of T. infestans (unpublished re-
sults). The presence of allatotropin-like immunoreac-
tivity in the corpora allata of the fourth-instar T. infestans
suggests that this peptide could be regulating the syn-
thesis of juvenile hormones in this species too.

The current study showed that the head critical
period finishes after day 5 (i.e. during the last part of
Stage 2) in T. Infestans. This may be related with the
activity of neuropeptides as prothoracicotropic hor-
mone (PTTH) which might be stimulating ecdysteroid
synthesis and release by the prothoracic glands. In-
deed, the corpora allata may also participate in the regu-
lation of ecdysteroids secretion: in fact, the corpora
allata of Manduca sexta are a site of release of PTTH
(Agui et al., 1980) and it has been proposed that
ecdysteroids secretion depends on juvenile hormones
production by the corpora allata in Rhodnius prolixus
(Garcia et al., 1987).

Baehr and co-workers (1978) also showed that
ecdysteroids titers in R. prolixus hemolymph increase
while juvenile hormones activity is high, finding the
second peak of juvenile hormones just after the peak of
ecdysteroids in hemolymph. Also, Furtado et al. (1976)
have shown in Panstrongylus megistus that the highest
ecdysteroids titers were found on day 11 of the 4th in-
star (the total length of this phase was 19 days in their
study), i.e., both species show their highest ecdyteroids
titers around 50-60% of the total length of the cycle. It
may be hypothesised that ecdysteroids levels were high-
est around days 7-8 in T. infestans.

We have also studied the epidermal changes which
are correlative to the above mentioned observations
(morphological indications of corpora allata activity,
effects of precocene II and extension of the head criti-
cal period). Though ecdysteroid receptor expression in
R. prolixus is likely to occur within a few hours after

feeding (Vafopoulou et al., 2005), changes in epider-
mal cell density in T. infestans were only evident during
the last part of Stage 2, when it reached values which
were approximately twice the baseline. These changes
were preceded by the beginning of the mitotic activity
on day 4, and which ended on day 9, when the maxi-
mum cell density previous to apolysis was observed.

The current study has shown correlative changes
at four levels of the 4th instar control system in T.
infestans: (1) the protocerebrum (through determining
the head critical period), (2) the corpora allata (through
the study of morphological changes that can be corre-
lated with endocrine activity, as well as with (3) the ef-
fects of an allatostatic compound and (4) the growth of
the abdominal epidermis. Altogether they show that a
wave of cell proliferation and growth in the corpora al-
lata occurs under protocerebral control, and goes through
three distinct stages in the gland.

Finally, changes in the morphology of the corpora
allata strongly suggest variations in the synthetic ac-
tivity of the gland. The analysis of growth using mi-
croscopical methods could still result in a simple
method to analyse the action of allatotropic and
allatostatic peptides acting on the regulation of the
corpora allata in T. infestans.
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