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Abstract:

This study describes the principal and accessory salivary glands of adults of Piezodorus lituratus (Fabri-

cius, 1794) (Heteroptera: Pentatomidae) by using light, scanning and transmission electron microscopy.
Light and scanning electron microscopy images demonstrate that a pair of salivary systems of P. litura-
tus, each containing two distinct units (principal and accessory salivary glands) with different sizes. The
principal salivary glands are bi-lobed, with a short anterior and long posterior lobes. In P. lituratus, the
accessory salivary glands are short, S-shaped and with tubular structure. Their outer surface is attached to
the trachea and the tracheoles. Transmission electron microscopy examinations showed that the principal
salivary gland units consist of a monolayer of epithelium cells with apical microvilli surrounding a large
central lumen. Their cells have secretory granules, a well-developed nucleus and granulated endoplasmic
reticulum in the cytoplasm. The accessory salivary gland cells are cuboidal in shape with apical micro-

villi surrounding a narrow lumen.
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Introduction

Piezodorus lituratus (Fabricius, 1794) (Heteroptera:
Pentatomidae) is a widespread species in most of
Europe, feeding on flowers and fruits of many plants,
especially species of the family Fabaceae. They
may cause serious damage to crops. Injuries induce
changes in plant morphology and internal chemis-
try (Giray 1980, Lopos & ONDER 1986, SCHAEFER &
Panizzi 2000, Kava & Kovanct 2004, OzGeN et al.
2005, HamBACK et al. 2011). So, this species could
have a critical effect on economy.

The salivary glands play important roles in the
production and secretion of enzymes, the input of
fluid into the glands to produce saliva and the subse-
quent reabsorption of salts by the insects (CHAPMAN
2013). The saliva contains not only hydrolytic en-
zymes but also moistens and helps to clean the
mouthparts (WHEELER 2001). In addition, the salivary
system provides the ability of prey-killing property
to the some predatory insects (KUMAR & SAHAYARAJ

2012). The salivary system of the Pentatomidae
generally demonstrates similar structure with the
salivary systems of the other species of Heteroptera
(GHANIM et al. 2001, RE1s et al. 2003, SWART et al.
2006, KuMar & SaHAvaral 2012, DE CASTRO et al.
2013, ZHONG et al. 2013a, b). However, the morphol-
ogy of the salivary glands differs in size and shape in
different subfamilies and could be used as a reliable
taxonomical tool (Louis & Kumar 1973, SCHONITZER
& SEIFERT 1990, CHAPMAN 1998, WALKER 2009). In
some insect orders, such as Lepidoptera, Diptera
and Siphonaptera, the salivary glands are tubular in
shape (GrossBacH 1977, CuapMAN 1998, EBERHARD
& Krenn 2003). In Hemiptera, they are generally
divided into two main parts: principal glands and
accessory glands on each side. The principal glands
are usually bi-lobed, tri-lobed or uni-lobed and their
accessory glands exhibit variations ranging from
tubular gland to vesicular (BapTisT 1941, HARIDASS
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& ANANTHAKRISHNAN 1981, CHAPMAN 1998, WALKER
2009). E.g,, the salivary glands of Karenia caela-
tata Distant, 1890 (Homoptera: Cicadoidea) consist
of a pair of principal glands and a pair of accessory
glands, which are composed of numerous long lob-
ules (ZHONG et al. 2013a). Triatoma infestans (Klug,
1834) (Heteroptera: Reduviidae) has a pair of sali-
vary glands and each pair contains three units, which
are coloured and shaped differently (REis et al. 2003).
Bemisia tabaci (Gennadius, 1889) (Heteroptera:
Aleyrodidae) has lobed and kidney-shaped paired
principal salivary glands, and paired accessory
glands which are quite small and simple in structure
when compared to the principal glands (GHANIM e?
al. 2001). The salivary system of Supputius cincti-
ceps (Stal, 1860) (Heteroptera: Pentatomidae) (DE
CasTro et al. 2013) is formed by pairs of principal
bi-lobed salivary glands and long tubular accessory
salivary glands, similar to that reported for Podisus
nigrispinus (Dallas, 1851) (OLIVEIRA et al. 2006) and
Brontocoris tabidus (Signoret, 1852) (Heteroptera:
Pentatomidae) (Azevepo et al. 2007).

The biology, ecology and systematics of
Pentatomidae have been studied (TORRES & ZANUNCIO
2001). There are few reports on the morphology of
the salivary glands in the family (DE CAsTRO ef al.
2013, CHATTERJEE 2014, MARTINEZ et al. 2014) but
there is no report on the morphology and ultrastruc-
ture of the salivary system of P. lituratus. Therefore,
we aimed to describe the morphology, histology and
ultrastructure of the salivary glands of P. lituratus
using light, scanning and transmission electron mi-
CToscopy.

Material and Methods

Light microscopy

Adult specimens of Piezodorus lituratus were col-
lected in Kizilcahamam, Ankara, Turkey, in June-
August 2015. They were under anesthesia with ethyl
acetate fumes and dissected in 70% ethyl alcohol.
Extracted salivary systems were fixed in Bouin so-
lution. After washing and dehydration in ascending
series of ethanol (70%, 80%, 90%, 96% and abso-
lute alcohol), samples were embedded in paraffin.
Paraffin sections were stained with Mallory’s Triple
stain for light microscopic examinations. Sections
were examined and photographed using Olympus
BX51 microscope.

Scanning electron microscopy

For the scanning electron microscope (SEM), dis-
sected specimens were cleaned, and dried with
Critical Point Dryer (Polaron, CPD 7501). Dried
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specimens were mounted by double sided tape on
SEM stubs and coated with gold in a Polaron SC
502 sputter coater, then examined and digitally pho-
tographed with JEOL JSM 6060 LV SEM at accel-
erating voltage 5-10 kV (Gazi University Electron
Microscope Unit, Turkey).

Transmission electron microscopy

For the transmission electron microscope (TEM)
examinations, salivary glands were fixed in 2.5%
glutaraldehyde with phosphate buffer (pH 7.2) for
48 h. Post-fixation was performed using 1% OsO,.
Then samples were rinsed three times with phos-
phate buffer, dehydrated in ascending series of ethyl
alcohol and embedded in Araldite. Araldite blocks
were sectioned using an ultra-microtome (Leica EM
UC6). Ultra-thin sections were stained with uranyl
acetate and lead citrate and observed and photo-
graphed with a JEOL JEM 1400 TEM at 80 kV.

Results

Principal salivary glands

The salivary system of P. lituratus consisted of a
pair of principal salivary glands and a pair of acces-
sory salivary glands extending from the prothorax
to the metathorax. The principal and accessory sali-
vary glands were located on both sides of the foregut
of Piezodorus lituratus (Fig. 1). The two principal
salivary glands contained two distinct unequal-sized
lobes: anterior lobe and posterior lobe. The anterior
lobe was located close to the foregut and shorter than
the posterior lobe. The posterior lobe, which was bent
in between the abdomen, was slender (Fig. 1). The
light and scanning electron microscopy showed that
the outer surface of each lobe of the salivary glands
was quite smooth (Figs. 1-3) and all salivary gland
units were enveloped by thin basal lamina (Fig. 4).
There were many basal membrane infoldings in the
cells (Fig. 4). Analysis by scanning and transmission
electron microscopy showed that the epithelium of
the salivary glands had single-layer cubic and co-
lumnar cells (Figs. 2, 3, 5) with well-developed wavy
nuclei, consisting of blocks of condensed chromatin
(Figs. 2, 6, 7, 9). The cytoplasm had electron-dense
granules, a high amount of granulated endoplasmic
reticulum and vesicles with electron-dense core
(Figs. 6-8, 10). The apical surface of the cell was
characterised by numerous short microvilli, which
could allow faster diffusion of the saliva towards the
gland lumen (Figs. 5-8). The lumen was filled with
secretory granules released from the secretory cells
(Figs. 5-8). These cells, which were classified as
apocrine, released their secretions through the plas-
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Fig. 1. SEM photograph of principal salivary glands and ac-
cessory salivary glands (Asg) of Piezodorus lituratus. Ante-
rior (Al) and posterior (PI) lobes of principal salivary glands.
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Fig. 3. SEM photograph of cross-section of principal sali-
vary gland, showing epithelium (Ep), secretion granules
(Sg) and a trachea (Tr) attached on its surface.

Fig. 5. SEM micrograph of secretion granules (Sg) in the
lumen of the principal salivary gland.

Fig. 2. Transverse section of principal salivary gland of
Piezodorus lituratus. Epithelium (Ep), nucleus (N), secre-

tion in the lumen (L) (X400).
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Fig. 4. TEM photograph of the basal side of the salivary
gland wall. Trachea (Tr), muscle (M), connective tissue
(Ct), basal lamina (arrows) and basal plasma membrane
infoldings (encircled).

ma membrane producing membrane-bound vesicles
in the lumen. These secretions were seen as the re-
lease of secretory materials which was accompanied
with partial loss of cytoplasm (Figs. 6, 7).

Accessory salivary glands

The accessory salivary glands of Piezodorus litu-
ratus were extremely difficult to distinguish in the
light microscopy section because of their small size.
They were quite simple in structure when compared
with the principal salivary glands (Figs. 1, 11). The
accessory salivary glands extended as a narrow
tube throughout the foregut that was folded into an
S shape (Fig. 11). In light, SEM and TEM micro-
graphs, the outer surface of the accessory salivary
glands was quite smooth and surrounded by the
trachea and the tracheoles (Fig. 11). The accessory
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EM-1400[2000 |80 kV|72.3 pm|07/29/15, 1033|

Fig. 6. TEM micrograph of the principal salivary gland
showing the cell nucleus (N) of the epithelium and secre-
tion transition from epithelium to lumen (L)

Fig. 8. Microvilli (Mv) and granulated endoplasmic re-
ticulum (GER) in the principal salivary gland cell.

salivary glands of P, lituratus had a single-layer of
cubic epithelium with basal membrane infoldings,
surrounded externally by a basement membrane
(Figs. 14, 16). A great number of mitochondria were
found between plasma membrane infoldings (Fig.
16). A round space lined with cuticula was found
in the middle of the accessory glands (Figs. 12-14).
The apical surface of the glandular cells had narrow
and long microvilli (Fig. 15). The cells of the acces-
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Fig. 7. TEM micrograph of the secretion transition from
epithelium to lumen.

EM-1400]5000 x|80 kV|27.3 ym|07/28/15, 16:48

——5 ym——

Fig. 9. TEM micrograph of wavy nucleus with euchroma-
tin and heterochromatin regions.

sory salivary glands contained microvilli under the
cuticula layer (Fig. 15).

Discussion

The most complex insect salivary glands that have
been studied occur in Heteroptera. This complex-
ity is related to the piercing-sucking way of feeding
of the species in this taxon (MILES 1972, TERRA &
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Fig. 10. TEM micrograph of granulated endoplasmic re-
ticulum.

FERREIRA 1994, CoHEN 1995, ZENG & CoHEN 2000).
This feeding style depends greatly on a multitude
of salivary components that serve different func-
tions. In general, salivary glands of heteropterans
are divided into two main parts: the principal and
the accessory salivary glands. The principal sali-
vary gland is generally subdivided into two or more
lobes. The accessory salivary gland has usually long
canal shape. There is a considerable variation in the
salivary glands among the species of the Heteroptera
(Baptist 1941, CHapMaN 1998, 2013, WaLker 2009,
DE CasTro ef al. 2013, MARTINEZ et al. 2014).

It is the first attempt to illustrate the salivary
glands of Piezodorus lituratus in detail using light,
scanning and transmission electron microscopy. The
anatomy of the salivary system of P. lituratus (with a
pair of principal and accessory salivary glands) is sim-
ilar to that reported for other pentatomids: Pentatoma
rufipes (Linnaeus, 1758) (Baptist 1941), S. cincti-
ceps, Podisus distinctus (Stél, 1860) (DE CasTRrO et
al. 2013), and P. nigrispinus (MARTINEZ et al. 2014),
B. tabidus (Azevepo et al. 2007) and other spe-
cies of Pentatomidae (Heteroptera) (BapTisT 1941).
However, variations have been reported for other het-
eropterans, such as some true bugs Belostoma lutari-
um (Stal, 1855) (Hemiptera: Belastomatidae) (SWART
& FELGENHAUER 2003), Cimex hemipterus (Fabricius,
1803) (Hemiptera: Cimicidae) (SERRAO et al. 2008),
Triatominae species (LaAcoMBE 1999, WEIRAUCH &
Scraun 2011) or other Hemiptera species like K. cae-

Fig. 11. Scanning electron micrograph of the S-shaped ac-
cessory salivary gland, with trachea (Tr) and tracheoles
(Trc) attached on its surface.

Fig. 12. Cross-sections of the accessory salivary glands
showing columnar epithelium (Ep), a narrow lumen (L)
and nucleus (N) (X1000).

latata (Homoptera: Cicadidae) (ZHONG et al. 2013a),
Mahanarva posticata (Stal, 1855) (Homoptera:
Cercopidae) (Roma et al. 2003).

The principal salivary glands have different as-
pects: tubular shape, long digitate lobules or short
forms (BapTisT 1941, SERRAO ef al. 2008, KuMar &
Sanavaras 2012). The posterior region of the sali-
vary glands of P. lituratus had a slender structure.
In spite of this, the posterior region has finger-like
protrusions in Solubea pugnax (Fabricius, 1775)
(Heteroptera: Pentatomidae) (Hamner 1936). The
posterior region of the salivary glands of K. caela-
tata (Homoptera: Cicadoidea) (ZHONG et al. 2013a)
has many long digitate lobules similar to those re-
ported for Graphosoma lineatum (Linnaeus, 1758)
(Heteroptera: Pentatomidae) (AMUTKAN et al. 2015),
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Figs. 13, 14. SEM micrographs of a cylindrical space lined with cuticle, which was found around the lumen of the ac-

cessory salivary gland.
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Fig. 15. TEM micrograph of microvilli (Mv) and cuticu-
lar structure (C) in the accessory salivary gland.

whereas the anterior region differs from that of other
species (CeciL 1930, BARBER et al. 1980, REIs ef al.
2003). The anterior region in P. [ituratus was unilo-
bate, like in G. lineatum (Heteroptera: Pentatomidae)
(AMUTKAN et al. 2015). These differences may be a
result of the different feeding and the age of these
insects (BAPTIST 1941, SERRAO et al. 2008, KuMAR &
SaHAvarAj 2012).

The salivary glands of insects have at least
two regions with different functions. One of them
is the secretory region, producing primary saliva
and the synthesis of proteins. The other one is the
reabsorptive region, reabsorbing ions from the sa-
liva (BApTIST 1941, SWART et al. 2006, AZEVEDO et
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Fig. 16. TEM micrograph of mitochondria (M) and basal
membrane infoldings in the accessory salivary gland.

al. 2007, ZHONG et al. 2013a, MARTINEZ ef al. 2014).
In predatory bugs, the principal salivary glands may
play a role in the production of digestive enzymes
that cause liquefaction of prey body for its ingestion,
which characterises extra-oral digestion (COHEN
1990, 1995, 1998, MOHAGHEGH et al. 2001).

The results obtained by scanning and transmis-
sion electron microscopy demonstrated that the sali-
vary gland cells in P. lituratus contained abundant
secretory granules in both lumen and cytoplasm, to-
gether with well-developed granulated endoplasmic
reticulum , similarly to the salivary glands of other
hemipteran species (WAYADANDE et al. 1997, REis et
al. 2003, Azevepo et al. 2007). The differences in
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shape, size and electron density of the secretory gran-
ules might indicate that different secretions may be
synthesised by different secretory regions (ZHONG et
al. 2013a). Regarding the ultrastructure and function-
ing of the accessory salivary glands of P, lituratus, we
recorded abundant mitochondria between the plasma
membrane infoldings in the cells. This finding is simi-
lar to that in other insects and also may indicate a high
metabolic activity of these cells (WAYADANDE et al.
1997, SERRAO et al. 2008, ZHONG et al. 2013a, b). In
addition, the existence of cuticular lining in the lumen
of the accessory salivary glands probably demon-
strates their transport secretion (ZHONG et al. 2013a).

The salivary glands of P. lituratus have apo-
crine secretion which release large vesicles with
secretion and cytoplasm portions. Unlike them, the
cells of the principal salivary glands of C. hemipterus
(Hemiptera: Cimicidae) present both merocrine and
apocrine secretory pathways. The presence of small
secretory vesicles released among the microvilli of
secretory cells indicate a merocrine secretory path-
way and, at the same time, releasing large vesicles
with secretion and cytoplasm portions demonstrate
apocrine secretion (SERRAO & Cruz-Lanpmm 1996,
REis et al. 2003, SERRAO et al. 2008).

This study revealed information related to mor-
phology and histology of salivary glands of P. litu-
ratus. We reported that the salivary glands of P, litu-
ratus consisted of a pair of principal salivary glands
and a pair of accessory salivary glands, which are
similar to those in other heteropterans. The princi-
pal salivary glands are divided into two morphologi-
cally different lobes in other heteropterans, similarly
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