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During Isoptera evolution, the caste of soldiers disappeared in some Apicotermitinae termites as in the
Neotropical Ruptitermes. Paired dorsolateral structures located between the metathorax and abdomen of
foraging workers of Ruptitermes were previously denominated dehiscent glands, and are responsible for
releasing an adhesive secretion that immobilizes enemies, causing their death. In this study, we investi-
gated the morphology of dehiscent organs of workers of Ruptitermes reconditus, Ruptitermes xanthochiton,
and Ruptitermes pitan and also second instar larvae of R. reconditus using light, laser scanning confocal,
and transmission electron microscopy. Additionally, we performed a preliminary protein analysis using

iebjévgf;?;ﬂ rupture SDS-PAGE to further characterize the secretion of Ruptitermes dehiscent organs. Our results showed that
Fat body the dehiscent organs do not exhibit the typical characteristics of the exocrine glandular cells class I, II
Histochemistry or III of insects, suggesting that they constitute a new type of defensive organ. Thus, the denomination
Protein dehiscent gland was not used but dehiscent organ. Dehiscent organs in larvae are formed by fat body
Soldierless termites cells. In workers, dehiscent organs are composed by compact masses of cells that accumulate a defensive
Workers

secretion and are poor in organelles related to the production of secretion. Since the dehiscent organs
are not glands, we hypothesize that the dehiscent organs originate from larval fat body. The defensive
secretion may have been produced at younger developmental stages of worker or the defensive com-
pounds were absorbed from food and accumulated in the worker fat body. Histochemical techniques and
SDS-PAGE revealed that the secretion of Ruptitermes dehiscent organs is constituted mainly by a protein
of high molecular weight (200 kDa). In conclusion, the dehiscent organs are extremely different from the
exocrine glands of termites and other insects described until now. In fact, they seem to be a specialized
fat body that is peculiar and exclusive of Ruptitermes termites.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction defensive behavioral strategies (Pasteels and Bordereau, 1998), and

exocrine glands that perform chemical defense. Among exocrine

Termite colonies contain apterous and alate castes. The apterous
caste is composed by workers and soldiers envolved with colony
labor and defense, respectively, while the alate caste is responsible
for colony reproduction. The latter caste includes the king and one
or more queens, responsible for egg production and maintenance
of the population. All species are eusocial and have both worker
and soldier castes, or only workers (Boomsma, 2009).

The occurrence of the soldier caste has an important impact
in the defense system of the colony since soldiers are equipped
with specific morphological adaptations in the head and powerful
mandibles very useful in defense activities (Deligne et al., 1981),
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glands related to defense are the salivary glands (Maschwitz et al.,
1972; Sobotnik et al., 2010a), frontal glands (Costa-Leonardo and
Kitayama, 1991), and labral glands (Sobotnik et al., 2010a).

Soldierless Apicotermitinae is a taxonomic group of termites
that have been received less attention in comparison with other
termite taxonomic groups. In terms of species diversity and abun-
dance, the Apicotermitinae dominate African and Neotropical
rainforests, where they generally feed on soil organic fractions
(Bourguignon et al., 2015a). Particularly, the genus Ruptitermes
Mathews, 1977 is endemic to South America and is relatively
abundant in the Cerrado ecoregion of central Brazil. Acioli and
Constantino (2015) recently published a taxonomic review of this
dominant Neotropical taxon in which they described nine new
species of Ruptitermes, including one of the species studied in the
present research.
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The soldier caste has been lost in some termite species, like all
Neotropical Apicotermitinae (Sands, 1972) and some Termitinae
(Ahmad, 1976; Miller, 1984). Therefore, during the process of evo-
lution, worker caste has also developed and specialized in a variety
of defensive strategies. The “kamikaze termites” are termite work-
ers that have been named as such because they “explode” during
a fight with their enemies. In fact, what really occurs is a rupture
of the abdominal body wall of these individuals with release or
not of a viscous-like secretion, a phenomenon known as abdomi-
nal dehiscence (Sands, 1982). This secretion rapidly turns opaque
and thick when it comes into contact with air (Mill, 1984), and acts
by immobilizing termite and enemy, which usually both die. When
the source of the viscous secretion is glandular the altruistic suicide
of termites is named autothysis (Bordereau et al., 1997).

The salivary glands were thought to be the structures respon-
sible for, and involved in Ruptitermes bursting (Fontes, 1992;
Mathews, 1977). However, Costa-Leonardo (2004), using light
microscopy, verified that other organs different from salivary
glands were functioning as defensive structures in some Ruptiter-
mes species,and named them “dehiscent glands” since the secretion
isreleased through abdominal dehiscence. This author also showed
that dehiscent glands are paired structures located between the
metathorax and the firstabdominal segment of workers, which pro-
duce a viscous-like secretion. Later, Sobotnik et al. (2012) identified
anew exocrine gland responsible for producing copper-rich protein
crystals with a molecular weight of ~76 kDa, in workers of Neo-
capritermes taracua. These crystals react with secretions from the
salivary glands, causing rupture of the body wall of these workers.

Exocrine gland cells of insects can be classified into three cat-
egories (classes I, I and III) based on their cellular structure and
the way the secretion is released through the cuticle (Noirot
and Quennedey, 1974, 1991; Quennedey, 1975). Additionally, it
is known that class I epidermal cells are the predominant type
in the adhesive glands of insects (Dettner et al., 1985). Never-
theless, the ultrastructure of dehiscent organs was never studied.
Light microscopy about dehiscent organs (Costa-Leonardo, 2004)
not elucidated to which class (I, Il or III) the glandular cells belong.
Similarly, little is known about their morphological structure. For
these reasons, throughout this research, the term “dehiscent gland”
(Costa-Leonardo, 2004) was not used but “dehiscent organ”.

The present study investigated the morphology of dehiscent
organs in termite workers belonging to three species: Ruptitermes
reconditus (Silvestri, 1901), Ruptitermes xanthochiton (Mathews,
1977), and Ruptitermes pitan (Acioli and Constantino, 2015), using
light, electron, and laser confocal microscopy. A preliminary pro-
tein analysis using SDS-PAGE was also performed in order to further
characterize the secretion of the dehiscent organs. Our aim was to
elucidate the morphology and functioning of the dehiscent organs
used for the defense of Neotropical Ruptitermes, and, hence, con-
tribute to the knowledge of the defense system of soldierless
Apicotermitinae species.

2. Material and methods
2.1. Insects

Worker termites of R. reconditus, R. xanthochiton, and R. pitan
were collected during foraging activities and second instar larvae
of R. reconditus were collected from shallow galleries under the exit
of the subterranean nests located at the campus of the Universidade
Estadual Paulista (UNESP), Rio Claro, Brazil.

2.2. Light microscopy

2.2.1. Total preparations.

The dehiscent organs of four workers of R. reconditus were dis-
sected in physiological solution for insects, and stained with 0.5%
methylene blue. After another addition of physiological solution,
the material was covered by a glass coverslip and observed under
a light microscope.

2.2.2. Histology and histochemistry

For light microscopy, thorax and abdomen of ten workers of R.
reconditus, R. xanthochiton, and R. pitan were isolated in buffered
saline solution for insects, and fixed in 4% formaldehyde for 2 h.
Afterwards, the samples were dehydrated, embedded in Leica his-
toresin, and placed in the same resin containing a catalyst. After
resin polymerization, the blocks were cut into 4-6 um slices,
mounted on histological slides, and stained with hematoxylin-
eosin (HE) for comparative morphology, and bromophenol blue
(BB) and xylidine Ponceau (XP) for protein detection. Five whole
second instar larvae of R. reconditus were included for histology fol-
lowing the same procedures described above and the histological
slices were stained with hematoxylin-eosin (HE).

2.3. Laser scanning confocal microscopy

Immunocytochemical techniques were performed for the detec-
tion of:

2.3.1. Plasma membrane (red) and nucleus (green)

The dehiscent organs of ten workers of R. reconditus and R. xan-
thochiton were dissected in 3.5% formaldehyde, incubated first with
Alexa 633, and after with SYTO 11. Between each step, the organs
were washed 2 times with phosphate-buffered saline (PBS) solu-
tion.

2.3.2. Microtubules (blue) and nucleus (green)

The dehiscent organs of five R. reconditus workers were
dissected in 3.5% formaldehyde, immersed in 0.1% Triton
X100, and incubated overnight in monoclonal anti-tubulin o/
(Sigma-Aldrich) diluted 1:100, inside a humid chamber. After-
wards, the organs were incubated first with Alexa 405, and finally
with SYTO 11. Between each step, the organs were washed 2 times
with PBS.

2.3.3. Actin (green) and nucleus (red)

The dehiscent organs of five workers of R. reconditus and R.
pitan were dissected in 3.5% formaldehyde, immersed in 0.1%
Triton X100, treated with RNAse (10 mg/ml), incubated with
propidium iodide in the dark, and stained with Phalloidin-FITC
(Sigma-Aldrich; 7.5mM). Between each step, the organs were
washed 2 times with PBS.

2.3.4. Endomembrane (red) e nucleus (green)

The dehiscent organs of five workers of R. reconditus were dis-
sected in PBS, immersed in endomembrane marker, and incubated
with SYTO 11.

All total preparations of dehiscent organs were analyzed under
a Leica TCS SP5 II confocal laser scanning microscope. The LAS AF
software (Leica) was used for image analysis.

2.4. Transmission electron microscopy (TEM)

The dehiscent organs of ten workers of R. reconditus and R. pitan
were dissected and fixed for 48 h in 2.5% glutaraldehyde in 0.1 M
sodium cacodylate buffer (pH 7.4). In previous assays, we fixed the
organs for 2, 4, and 24 h and, in all cases, the material was found
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Fig. 1. Anatomy and light microscopy of dehiscent organs of Ruptitermes. (A) Longitudinal dissection of a typical worker of Ruptitermes reconditus and (B) schematic rep-
resentation of dehiscent organs (do) location. (C and D) Each organ consists of units (udo) of clustered small packets that correspond to a single cell containing two nuclei
(head arrows). (E and F) Dehiscent organs (do) are separated from each other and from salivary glands (sg). Note in E that there is a large vacuole (v). The nuclei are located
peripherally (arrows). (G) Longitudinal section of Ruptitermes reconditus larva showing the location of dehiscent organ (rectangle) which is formed by cells with vacuolized
cytoplasm as fat body. (H) Detail of larval dehiscent organ showing cells similar to those of fat body (fb). ¢ =cuticle; cy = cytoplasm; ep = epithelium; g =ganglion; hd = head;

th=thorax.

to be poorly preserved. Similarly, fixing the samples for 48 h did
not seem to improve the preservation of the material. It is possi-
ble that the chemical nature of the defensive secretion hinders the
penetration of the fixative and the preservation of the organ as a
whole. Samples were postfixed for 1h in 0.5% osmium tetroxide
containing 0.8% potassium ferrocyanide in the same buffer. After
washing with buffer, samples were incubated for 3 h in 2% tannic
acid. After another wash, dehiscent organs were stained with 1%
uranyl acetate in 10% ethanol for 2 h, and dehydrated in an acetone
series. Samples were then embedded in Epon-Araldite resin and
the resin was polymerized in a stove at 60 °C. Sections were placed

in copper grids, stained with uranyl acetate and lead citrate, and
examined in a Philips transmission electron microscope (TEM).

2.5. Protein analysis

Fifty dehiscent organs of R. xanthochiton workers were separated
in five samples (X1-X5) containing, respectively, six, seven, nine,
11, and 17 organs. Fifteen dehiscent organs of R. reconditus workers
were separated in two samples (R1 and R2) containing, respec-
tively, three and nine organs. Samples containing different amounts
of organs aimed to determine the minimum number of dehiscent
organs required to obtain a protein concentration sufficient for pro-
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Fig. 2. Secretion of dehiscent organs of Ruptitermes. Ruptitermes xanthochiton (A) workers presents vacuoles containing secretion (vs) with granule-like structures, or a
clear central region (vc), while in Ruptitermes pitan (B) the vacuoles containing secretion (vs) with homogeneous aspect. Histochemistry of dehiscent organs of Ruptitermes
reconditus: (C and D) Bromophenol blue and (E and F) Xylidine Ponceau marking protein secretion. Vacuoles contain secretions (vs) of two types: strongly stained (s1) and
weak stained (s2). Generally, nuclei (arrows) are located next to vacuole of secretion. Ribbon of cytoplasm (cy) is involving the vacuoles.

tein separation. Dehiscent organs were dissected and homogenized
in 30 uL of sodium acetate buffer (SAB) 0.1 M, pH 5.5, contain-
ing 1 pL of protease inhibitors (Complete Mini EDTA-free; Roche,
Mannheim, Germany). Aliquots of 20 wL were transferred to Eppen-
dorf tubes, and 5 L of Laemmli buffer was added to solubilize and
denature the proteins. Samples were then heated at 95 °C for 5 min,
and applied (20 p.L) to 12% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). Protein concentration was deter-
mined by the method of Bradford and gels were stained with
Coomassie Blue.

Samples were analyzed at the Brazilian Biosciences National
Laboratory (LNBio) at the Brazilian Center for Research in Energy
and Materials (CNPEM) in Campinas, Sdo Paulo, Brazil.

3. Results
3.1. Light microscopy

3.1.1. Total preparations

The dehiscent organs are paired structures located on the side
of the body, between metathorax and abdomen (Fig. 1A and B).
Each organ consists of units of clustered small packets containing
secretion. Each small packet is a single cell that may contain two
nuclei (Fig. 1C and D).

3.1.2. Histology and histochemistry
Histological analysis showed that dehiscent organs of foraging
workers are involved by a thin connective tissue and are located
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close to salivary glands, which occupy the center-ventral region
(Fig. 1E). The small packets are cells whose nuclei are located
peripherally. Part of dehiscent organs are vacuolized due beginning
of chain reaction for exploding process (Fig. 1E). The cell cytoplasm
of the dehiscent organs of R. reconditus workers was filled with
spherical structures (Fig. 1E and F). Larvae have shown no dehis-
cent organ development as in foraging workers. Adipocytes present
in the fat body were occupying the location where dehiscent organs
should be (Fig. 1G and H).

Secretion had different aspects among species studied. R. recon-
ditus (Fig. 1F) and R. xanthochiton (Fig. 2A) presented spherical
structures or a clear central region, while in R. pitan it was homo-
geneous (Fig. 2B). Histochemical for protein detection has shown
strong positive marking at dehiscent organs of R. reconditus. Cells
possess vacuoles containing two types of secretion: one that is
strongly stained (s1) and the other one that is weak stained (s2)
(Fig. 2C-F).

3.2. Laser scanning confocal microscopy

3.2.1. Plasma membrane and nucleus

Dehiscent organs are composed of secretory units forming a
denser mass. This mass is surrounded by an outer thin membrane,
probably consisting of connective tissue (Fig. 3A). In R. reconditus,
it was possible to identify the plasma membrane of the secretory
units, and the weaker central fluorescence red lines correspond to
plasma membranes observed from other planes (Fig. 3B and C).
Conversely, the secretory units of R. xanthochiton did not show
these central lines (Fig. 3D). In both species, the nuclei were always
on the periphery of the secretory units and contained many nucle-
oli. Some secretory units may have two nuclei (Fig. 3C).

3.2.2. Actin and nucleus

Immunocytochemistry revealed differences in actin organiza-
tion in the dehiscent organs of R. pitan and R reconditus. In R. pitan,
actin was not labeled, whereas the canaliculi of salivary gland cells
were strongly evidenced (Fig. 3E). On the other hand, in R. recon-
ditus, actin was observed involving portions of the cytoplasm. The
nuclei were large and irregular and many nucleoli were evident. It
was not possible to distinguish the limits between cells (Fig. 3F and
G).

3.2.3. Endomembrane and nucleus

The endomembranes (i.e., the organelles) of the dehiscent organ
cells of R. reconditus were not labeled in red, while the nuclei were
strongly labeled in green, and portions of cytoplasm acquired a
weak labeling (Fig. 3H).

3.2.4. Microtubules and nucleus

Attempts were made to mark microtubules, but only green-
labeled nuclei containing many nucleoli were visualized. In
addition, bacteria were found scattered within the organ (Fig. 31).

3.3. Transmission electron microscopy (TEM)

Transmission electron microscopy confirmed that the dehiscent
organs of R. reconditus and R. pitan consist of a cluster of cells, but
the boundaries were not too evident. Muscle cells were observed in
some points between the dehiscent organs and the cuticle (Fig. 4A).
Cytoplasm was homogeneous and its processes were involving vac-
uoles and nuclei (Fig. 4A and B). Large vacuoles contained materials
of different electron densities (Fig. 4A-F).

On a few occasions, we observed plasma membrane infoldings
surrounding vacuoles suggesting that these may be located outside
the cell, bound by the cell membrane and limiting a vacuole that

will accumulate secretion (Fig. 4C-E). The infoldings were not asso-
ciated with mitochondria. As the vacuoles expand, the infoldings
disappear and the remaining membranes can be observed inside
the vacuoles (Fig. 4E).

Nuclei were the most frequent organelle found and they were
round or of irregular shape, with prominent nucleoli (Fig. 4C-E;
Fig. 5A). Mitochondria (Fig. 5B) and Golgi apparatus (Fig. 5C and D)
were rare, and no other organelles were observed.

Particularly in R. reconditus, vacuoles contained secretions of
medium electron density, hereafter designated as secretion type 1
(s1), or of low electron density, hereafter designated secretion type
2 (s2) (Figs. 4, 5A, 6A ). Both types of secretion were present within
the same vacuole (Figs. 4A and B, 6B). In addition, some vacuoles
appeared electron-transparent, without secretion (Fig. 4C-E).

The ultrastructure of the dehiscent organs of R. pitan differed
from that of R. reconditus regarding the secretory granules; these
were electron-dense and distributed throughout the cytoplasm.
Organelles and nuclei were not observed (Fig. 6C and D).

3.4. Protein analysis

Protein analysis of dehiscent organs of R. xanthochiton and R.
reconditus by SDS-PAGE revealed a band of approximately 200 kDa
presentinall individuals, albeit stronger in X2 and X4. Other weaker
bands were observed, and X3 presented a strong band at around
40KDa (Fig. 7).

4. Discussion

The present research attempted to fill a gap in relation to knowl-
edge of the biology of soldierless Apicotermitinae. The dehiscent
organs of Ruptitermes are important organs not only because they
are used for defense but also because they are a taxonomic feature
(Acioli and Constantino, 2015). This is the first study that provides
results showing that defensive organs in termites are not glands
but fat body specialized in defense.

The morphology of the dehiscent organs of R. reconditus, R.
xanthochiton, and R. pitan workers is quite different from that of
defensive exocrine glands previously described for termites and
other insects. In fact, to our knowledge, such organs have never
been described in other insects and seem to be exclusive of Rup-
titermes termites. The dehiscent organs of the three termite species
studied here share a similar external morphology, and the cells
store but do not produce secretion in adults. However, specific
features for each species were also observed.

The dehiscent organs of foraging workers are rounded structures
composed by compact masses of cells that store secretion used
during defensive behavior. They are paired structures but indepen-
dent between themselves, and with no connection to other organs
despite their close vicinity to the salivary glands. The participation
of the salivary glands in the explosion process is uncertain. Chem-
ical analysis of the compounds contained both in the dehiscent
organs as those produced by the salivary glands should be iden-
tified and tested to elucidate whether salivary glands are involved
in the process. According to recent studies, crystals produced by
Neotropical Termitinae N. taracua react with hydroquinone pre-
cursors produced by parietal cells of salivary glands to form the
final product that is used in defense of this termite (Bourguignon
et al.,, 2015b; Sobotnik et al., 2014).

An outer membrane of connective tissue is surrounding the
mass formed by the cells and plays a fundamental role not only
by holding the cells together but also as a barrier between the
dehiscent organ and adjacent organs. The presence of this connec-
tive tissue prevents that the toxic secretion stored in the dehiscent
organs and used in defense, leaks, and reaches other organs. The
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Fig. 3. Laser scanning confocal microscopy of dehiscent organs of Ruptitermes. (A-D) Plasma membrane and nucleus. (A) Dehiscent organs (do) are composed of secretory
units forming a denser mass in the center of the organ (arrows) surrounded by connective tissue (mct) whose nuclei can be observed (n). (B and C) Plasma membrane of the
secretory units of Ruptitermes reconditus could be identified (arrows), and the weaker central lines correspond to plasma membranes observed from other planes while (D)
Ruptitermes xanthochiton does not show these central lines. Nuclei containing many nucleoli are always on the periphery of the secretory unit and may have two nuclei (C).
(E-G) Actin and nucleus. Actin is not observed in dehiscent organs (do) of Ruptitermes pitan (E) but the canaliculi (arrows) of salivary gland (sg) cells are strongly evidenced. (F
and G) Ruptitermes reconditus presents actin involving portions of the cytoplasm (arrows) and the large and irregular nuclei containing evident nucleoli. (H) Endomembrane
and nucleus. Organelles of dehiscent organ (do) of Ruptitermes reconditus are not labeled while the nuclei (n) are strongly evidenced. Portions of cytoplasm acquired a weak
labeling (arrows). (1) Microtubules and nucleus. Only bacteria (b) and nuclei (n) containing many nucleoli are visualized in dehiscent organs (do) of Ruptitermes reconditus but

no microtubules.

musculature observed between the dehiscent organs and some
points of the cuticle indicates that these muscles may play a role
in breaking the body wall, and aiding the expulsion and explosion
of dehiscent organs. The cell cytoplasm is homogeneous and its
processes involve vacuoles and nuclei, giving the appearance of
a syncytium that contributes to a quick chain reaction inside the
organ when its defensive role is required.

In R. reconditus, large vacuoles containing secretion with differ-
ent aspects may correspond: (1) to different compounds that will
react when worker is fighting with enemy causing body rupture;

(2) the same compound but at different stages of maturation; (3)
result of a reaction between compounds. In R. pitan, the secretory
granules uniformly occupy the whole cytoplasm. The differences
in the secretion appearance among species may indicate distinct
chemical compositions, or different ages of the foraging workers.
Another feature common to the three species was that nuclei,
when present, were large, peripheral, and contained many nucleoli.
The peripheral position of the nuclei is most probably due to the
large amount of vacuoles and secretion occupying the cell center.
However, most cells did not have nucleus, suggesting that nuclei
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Fig. 4. Transmission electron microscopy of dehiscent organs (do) of Ruptitermes reconditus. (A and B) Dehiscent organs (do) of R. reconditus consist of cells whose boundaries
are not clear and cytoplasm (cy) is homogeneous and its processes (arrows) are involving vacuoles (v) and nuclei (ndo). Vacuoles contain secretions of medium electron
density (s1) (A-F), or of low electron density (s2) (C and D) and both types may are present within the same vacuole (v) (A, B and F). Vacuoles (v) without secretion is also
observed (C-E). Plasma membrane infoldings (d) surround vacuoles (v) that may be located outside the cell and start accumulating secretion (C and D). (F) Salivary glands
(sg) are close to dehiscent organs (do). Note the parietal cell (pc) of salivary gland with well-developed canaliculi (cl) and invaginated basal plasma membrane (ibm), and
dehiscent organ’ secretion (s1). c= cuticle; m = muscle; mi=mitochondria; mn = muscle nucleus; pc = parietal cell of salivary gland; rm = remaining membranes; t = trachea.

might have been lost as the cells of dehiscent organs specialized
in the storage of defensive secretions. The well preserved nuclei
and nucleoli indicate that that fixative solution worked properly
and therefore, the description of dehiscent organs presented in this
study is accurate.

Plasma membrane infoldings surrounding vacuoles were rarely
observed but might mean that the cell is limiting a place outside
itself where compounds are released and stored. The infoldings
were not associated with mitochondria, suggesting a passive trans-
port.

In R. reconditus, confocal microscopy observations showed that
the cells have well-defined portions of cytoplasm surrounded by

actin, suggesting that this protein could have a role in the compart-
mentalization of the secretion within the cells.

Epidermal glandular cells of insects can be classified into three
categories based on their cellular structure and how secretion is
released through the cuticle (Noirot and Quennedey, 1974, 1991;
Quennedey, 1975, 1998). Class I cells are cells that constitute the
epidermis and release the secretion through pores in the cuticle.
Class II cells do not integrate the epidermis directly and hence the
secretion must be transferred first to an epidermal cell, and then to
the cuticular surface. Class III cells form glandular units composed
of one or more secretory cells, with one or two cells forming the
canaliculi that transport the compounds from secretory cells to the
cuticle surface. Class I epidermal cells are the predominant type



70 S.B. Poiani, A.M. Costa-Leonardo / Micron 82 (2016) 63-73

Fig. 5. Organelles are poor developed and almost absent. (A) Generally, nuclei (ndo) are present containing various nucleoli (nu). (B) Mitochondrias (mi) are in autophagic
vacuole separated from secretion (s1). (C and D) Golgi apparatus were observed close to nucleus (C) and among electron transparent vesicles in cytoplasm (D).

in adhesive glands of insects (Dettner, 1983; Dettner et al., 1985).
However, the dehiscent organs of Ruptitermes do not seem to fit
into any of the three types of glandular cells described by Noirot
and Quennedey (1974, 1991). Firstly, the cells of dehiscent organs
are not part of the epidermis and therefore could not be classified as
class I cells. Secondly, class II (oenocytes) cells with adhesive func-
tion were only found in Heteroptera (Dettner, 2010; Livingstone,
1978; Oliver et al., 1985), and dehiscent organs are not constituted
by those cells according to their ultrastructure features. Thirdly,
the absence of canaliculi in the cells of dehiscent organs excludes
the possibility of these cells belonging to class IIl. Finally, in the
case of dehiscent organs, the secretion is released by rupture of the
abdominal wall, meaning that there is no other cell or duct that
receives and discharges the secretion, as occurs in cells of class Il
and III, respectively. Thus, it can be concluded that the dehiscent
organs can not be considered glands.

It is known that the adhesive secretions used by insects
during defense are constituted by many compounds such as pro-
teins, polysaccharides, polyphenols, lipids (including terpenes and
resins), glycoproteins, proteoglycans, phenolic proteins, and phe-
nolic polysaccharides (Ambsdorf et al, 1992; Onusseit, 2004).
For example, the labial glands of soldiers of Mastotermes dar-
winiensis (Mastotermitidae) contain a mixture of proteins and
quinones (Moore, 1968; Quennedey, 1984); the frontal glands
of many species of Rhinotermitidae contain a mixture of lipids,
mucopolysaccharides, proteins, and terpenes (Blum et al., 1982;
Moore, 1968; Negulescu et al., 2015; Piskorski et al., 2007); the
frontal gland of Nasutitermitinae (Termitidae) soldiers contains
ketones, esters, alcohol, monoterpenes, diterpenes, sesquiterpenes,
and monoterpene acetates, among others (Costa-Leonardo and De
Salvo, 1987; Grassé, 1982; Moore, 1964; Sobotnik et al., 2010a).
The results of the protein analysis conducted in this study are still
preliminary but indicate that the secretion of dehiscent organs of
R. reconditus and R. xanthochiton is constituted mainly by proteins

of high molecular weight (200 kDa). Other studies have shown that
the proteins present in adhesive secretions have molecular weights
ranging from 500 kDa to 8 kDa, although most of the peptides are
below 300 kDa (Gnatzy et al., 2004; Jin et al., 2006; Li et al., 2008).
Although much work has been done to determine the chemical
composition of the defensive glands, as such frontal gland secretion
of termites, the protein components of the secretions is relatively
overlooked (Negulescu et al., 2015). The crystal gland of N. taracua
produces copper-rich enzyme BP76 with a molecular weight of
76 kDa that participate in the oxidation of hydroquinones from sali-
vary glands to benzoquinones (Bourguignon et al., 2015b; Sobotnik
et al,, 2012). A recent research (Negulescu et al., 2015) detailed
the protein TFP4 which is the first protein cloned and character-
ized from the frontal defense gland secretion of termite soldiers of
Coptotermes formosanus and only the fourth protein from the order
Isoptera(DaSilvaetal.,2003; Jeng et al.,2011,2012; Khademi et al.,
2002).

Relative to the results of the present study, we formulate two
hypotheses about the origin and development of dehiscent organs:

4.1. First hypothesis: dehiscent organs originate from fat body
that produces the defensive compounds

This hypothesis is based on the fact that larvae were examined,
and fat body cells were found at the place where it should be the
dehiscent organ. Furthermore, organelles were rare. The results
indicate that secretion was produced before foraging phase. Also,
as already stated here, dehiscent organs have no gland characteris-
tics. The dehiscent organs developed in foraging workers may be a
specialized fat body that was active when workers were younger.

The fat body of insects is a metabolic center and a tissue
that stores nutritional reserves (Arrese and Soulages, 2010; Locke,
1984). Termite fat body presents three different types of cells:
adipocytes, urocytes and mycetocytes (Costa-Leonardoetal.,2013).
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Fig. 6. Different types of secretion. (A) Detail of vacuole containing secretion type s1 and (B) both s1 and s2 of Ruptitermes reconditus. (C and D) The secretory granules (gr)
of dehiscent organs (do) of Ruptitermes pitan are electron-dense and distributed throughout the cytoplasm.

S X1 X2

X3 X4 X5 R1 R2

_h—;-

Fig. 7. Protein analysis. Protein analysis of dehiscent organs of Ruptitermes xanthochiton (X1-X5) and Ruptitermes reconditus (R1 and R2) by SDS-PAGE. Strong band of
approximately 200 kDa are present in X2 and X4 but weaker in all individuals. X3 presents a strong band at around 40 KDa. Note that there are others weaker bands, mainly

in R2. S=standard.

The quantity and quality of the substances accumulated in the
fat body may change in accordance with the functional state of
the organism. Physiologic and endocrine changes in different life
stages of insects influence the metabolic functions of the fat body
and, consequentially, its cytological appearance (Costa-Leonardo
et al., 2013; Paes-de-Oliveira et al., 2013; Poiani and Cruz-Landim,
2012; Sobotnik et al., 2006). Similar to the dehiscent organs, the

fat body consists of units (lobes) surrounded by a connective tissue
membrane, and cytoplasm containing large vacuoles with granular
content (Costa-Leonardo et al., 2013; Sobotnik et al., 2006). Both
the lipid droplets and electron-dense material converge into these
large vacuoles in the fat body of termites (Sobotnik et al., 2006).
Since there are similarities between the ultrastructure of fat body
cells and that of dehiscent organ cells, we suggest that the dehis-
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cent organs might be modified fat body that produced a defensive
secretion in young workers, and progressively accumulates this
secretion. Thus, the vacuoles gradually expand in order to accu-
mulate compounds that may be used by workers when they start
foraging. Because adipocytes are the basic cell of the fat body, and
besides storing glycogen, proteins, and lipids, these cells synthe-
size several types of proteins (Keeley, 1985; Price, 1973), it is likely
that they are the type of fat body cell that originates the dehiscent
organ.

Scanning confocal microscopy evidenced the absence of mem-
branous organelles and transmission electron microscopy showed
poor developed and rare organelles or other cellular structures,
except nuclei. Similarly, Poiani and Cruz-Landim (2009) verified
that cells of cephalic salivary glands of old workers of the euso-
cial bee Scaptotrigona postica did not contain organelles since, in
that phase of life, they are just storing glandular compounds. This
suggests that the developmental stage of dehiscent organs might
be equally related to the age or life phase of termite workers. The
workers of Ruptitermes used in this study were collected while for-
aging and results showed that their dehiscent organs were just
accumulating secretion.

4.2. Second hypothesis: dehiscent organs originate from fat body
that not produces but absorb precursors of defensive compounds
from food

This hypothesis is based on fact that Ruptitermes are
litter-feeding termites that cut and transport small pieces of
decomposing leaves and small seeds, which were stored in their
subterranean galleries (Lima and Costa-Leonardo, 2007). These may
be the food sources of unknown compounds that constitute the
secretion in their dehiscent organs. Some compounds of this spe-
cific food should reach the hemolymph and later be arrested by the
mortal fat body of the termites workers.

It has been shown that the milkweed bug Oncopeltus fascia-
tus (Hemiptera) is capable of absorbing compounds (cardenolides)
from plants, and use them to their defense system due to the
permeability of these compounds in their guts. Such compounds
subsequently have been accumulated in a dorsolateral space that
is considered a specialized organ (Scudder and Meredith, 1982a).
Thus, the production of defensive compounds is, in this case, a
result of feeding. Defensive substances can also be accumulated
in the cuticle and fat body cells because tissues and organs need to
be protected or immunezed to the effects of defensive compounds
absorbed from food (Duffey and Scudder, 1974; Duffey et al., 1978).
The O. fasciatus has a modified integument that is constituted of an
epidermal double layer, and the inner layer forms the dorsolateral
space that acts as a storage compartment of cardenolides (Scudder
et al., 1986). In this species, there are weak areas in the cuticle
located on both sides of the thorax and abdomen that, if disrupted
upon enemy attack, lead to the release of the secretion containing
cardenolides (Scudder and Meredith, 1982b; Scudder et al., 1986).
A similar process seems to occur in the Ruptitermes defense sys-
tem as the rupture of the cuticle releases not just the defensive
compounds but the whole organ.

The most of Neotropical Apicotermitinae are humivorous and
only Ruptitermes are litter-feeding termites. According to Sands
(1972), humivorous and litter-feeding, both termites, secondarily
lost soldiers. Nevertheless, the soil-feeding and living underground
nesting probably reduce vulnerability of humivorous termites,
which not occurs with the litter-feeding Ruptitermes that feeds in
the open on surface litter, which increases the risks of predation.
This vulnerability enabled the development of alternative defen-
sive strategies (Noirot and Darlington, 2000; Sands, 1982; Sobotnik
et al., 2010b).

In conclusion, the cells that compose the dehiscent organs of
Ruptitermes termites do not fit into the classification proposed by
Noirot and Quennedey (1974, 1991), and seem quite different from
the exocrine gland cells of termites and other insects. We hypoth-
esize that the dehiscent organs analyzed, which were taken from
workers who were foraging (theoretically older), may have origi-
nated from cells of the fat body that accumulated defense material
either, (a) produced during younger developmental stages, or (b)
absorbed from food sources available in hemolymph. A prelimi-
nary protein analysis showed that the defensive compounds stored
in the dehiscent organs of Ruptitermes include proteins of high
molecular weight, similar to what has been found in the adhesive
secretions of other termites (Jin et al., 2006; Li et al., 2008).
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