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ABSTRACT

Objective: The alimentary canal is composed of the foregut, the midgut, and the hindgut in insects. The hindgut is the region
where the reabsorption of the water and some ions occur and the feces are generated. The hindgut is generally divided into
3 parts as the ileum, the colon and the rectum in insects. The morphological and fine structures of these parts can be used as
the taxonomical character. The aim of this study is to investigate the fine structure and morphology of the ileum in the last
instar nymph of Conocephalus (Xiphidion) fuscus fuscus (Fabricius, 1793) (Orthoptera, Tettigoniidae).

Materials and Methods: In this study, morphology, histology, and ultrastructure of the ileum in the last instar nymphal
C. fuscus fuscus were examined by stereomicroscope, light microscope, scanning electron microscope, and transmission
electron microscope.

Results: [leum is a tube-like structure, which is situated between the midgut and the colon. The wall of the ileum is composed
of muscle tissue, connective tissue, epithelial tissue, and cuticular intima from the outermost to the innermost. Those single-
layered epithelial cells have globular nuclei, and some granulated endoplasmic reticulum can be observed in photographs.
Besides, the regenerative cells groups called regenerative nidi are clear in some basal regions of the epithelial layer.

Conclusion: The general morphology and structure of the nymphal ileum in C. fuscus fuscus have some differences with the
insects belonging to Orthoptera orders, but its histological, cytological, and fine structure are very alike.
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INTRODUCTION The Malpighian tubules and the hindgut interoperate
in excretory system of terrestrial insects. The primary
isosmotic filtrate is produced by the Malpighian tubule
cells, and then it is discharged in the lumen of ileum.

The volume and composition of this filtrate starts to

The alimentary system of the insect is a structure which
continues from the mouth to the end of the anus. The
digestive system is basically divided into three regions

in insects. These regions are the foregut, the midgut, and
the hindgut (1-13). The foregut contains the esophagus,
the pharynx, the crop, and the proventriculus. The midgut
consists of the gastric caecum and the ventriculus. The
hindgut is divided into three parts: the ileum, the colon,
and the rectum. The ileum has an ectodermal origin, and
the inside of the epithelium is lined by a cuticle (14-18).

modify in the ileum lumen. The main role of the ileum
in insects, as the intermediate step of the excretory
system, is secretion, food digestion, and reabsorption
of the water, ions, and metabolic residues (16,18-31).
Besides, in some insects such as Schistocerca gregaria
(Orthoptera: Acrididae), the ileum contributes to the
osmoregulation (32).
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Conocephalus (Xiphidion) fuscus fuscus (Fabricius, 1793) (Tettigo-
niidae), which can be found in parts of France, Sweden, Kazakh-
stan, Northern Africa, Bulgaria, Germany, Romania, Spain, Iran,
Pakistan, Switzerland, Italy, Middle Asia, the Netherlands, and
Turkey, is a species that belongs to Orthoptera order. The in-
crease in the global climate in recent years has had a highly sig-
nificant impact on the spread of this species. C. fuscus fuscus is a
phytophagus species which feeds primarily on grasses (33,34).

Since the studies regarding the histology and ultrastructure of
the ileum in insects are very limited, we aimed to examine the
structure of the ileum of the nymphal C. fuscus fuscus, whose
digestive system has not been studied at the level of light and
electron microscopy. We hope that the data obtained in this
study will contribute to various experimental taxonomical, his-
tological, and ultrastructural studies about insect tissues.

MATERIALS AND METHODS

The 10 male and 10 female last instar nymphal individuals of C.
fuscus fuscus (Fabricius, 1793) (Orthoptera, Tettigoniidae) were
collected from the terrains around the Ankara-Cankiri road in
June 2017-2018. Samples brought to laboratory were anesthe-
tized with ethyl acetate fumes first and the digestive canal was
dissected out in physiological water under the stereomicro-
scope (Olympus SZX7).

For the scanning electron microscope (SEM) examinations,
specimens were fixed in 5% glutaraldehyde. After fixation, the
specimens, washed with phosphate buffer, were dehydrated
in an ascending series of ethanol. Then, they were dried with
a critical point dryer (Polaron CPD 7501), taken on SEM stubs,
and coated with gold in a sputter coater (Polaron SC 502). The
coated specimens were examined with JEOL JSM 6060 SEM at
10kV at Gazi University, Faculty of Science.

For the transmission electron microscope (TEM) examinations,
specimens were post-fixed in 1% OsO, after pre-fixation in 5%
glutaraldehyde. After rinsing with phosphate buffer, the speci-
mens were dehydrated in ascending ethanol concentrations, and
then embedded in Araldite. Ultra-thin sections were cut with Lei-
ca EM UC6 ultramicrotome and stained with lead citrate and ura-
nyl acetate. The sections were examined with JEOL JEM 1400 TEM
at 80 kV and photographed Gazi University, Faculty of Science.

For the light microscopy (LM), semi-thin sections were cut with
ultramicrotome from Araldite blocks prepared for TEM exam-
inations and stained with 1% methylene blue. The stained sec-
tions were observed under a light microscope (Olympus BX51)
and photographed.

RESULTS

The alimentary canal in the last instar nymphal C. fuscus fuscus is
composed of three main parts as the foregut, the midgut, and the
hindgut (Figure 1). The hindgut is divided into three regions called
ileum, colon and rectum. The ileum is a short and thick tubular
structure and located between midgut and colon (Figure 2). The
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Figure 1. The general view of the alimentary canal in C. fuscus
fuscus. Foregut (FG), midgut (MG), hindgut (HG) and Malpighian
tubules (encircled) (Stereomicroscope).
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Figure 2. The general view of the hindgut in C. fuscus fuscus. lleum
(1), colon (C), rectum (R) and Malpighian tubules (arrows). SEM

Figure 3. The semi-thin section of the ileum. Epithelial layer (E),
muscle tissue (arrows), Malpighian tubules (MT), connective
tissue (CT) and lumen (L). Light microscope, Methylene blue, x200
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Malpighian tubules are connected to the alimentary canal at the
region where the midgut-ileum junction is (Figures 1 and 2).

In the cross-sections, it was seen that the ileum wall consists of
single layer cubic epithelial tissue as the innermost, connective
tissue in the middle, and muscle tissue as the outermost (Fig-
ures 3-7). There is a thin cuticular intima layer surrounding the
lumen, the innermost above the epithelial layer (Figures 4-7).

Rather large and rounded nuclei are found in the middle of
the epithelial cells (Figures 4, 7 and 8). Besides, granulated
endoplasmic reticulum in the cytoplasm is visible in TEM pho-
tographs (Figure 8). It is observed that there is a connection
between the outer membrane of the nucleus and granulated
endoplasmic reticulum (Figure 8).

Figure 4. The semi-thin section of the ileum. Epithelial layer (E),
muscle tissue (asterix), cuticular intima (arrows), connective tissue
(CT) and lumen (L). Light microscope, Methylene blue, x400

Figure 5.SEM photograph of the ileum in C. fuscus fuscus. Epithelial
tissue (E), muscle tissue (M) and cuticular intima (arrows).

5 S

Figure 6. SEM photograph of the ileum in C. fuscus fuscus.
Epithelial tissue (E), muscle tissue (M), lumen (L), trachea (T) and
cuticular intima (arrows).
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Figure 7. The thin section of the ileum. Nucleus (N), cuticular
intima (C), lumen (L), basal lamina (asterix), muscle tissue (M)
and trachea (T). TEM

In SEM photographs, the apical side of the epithelial cells looks
undulated and indented (Figures 9 and 10) and have numerous
knobby protrusions on the surface facing the cuticular intima
(Figure 10). In TEM photographs, this structure looks as if it has
some dispersed and nonuniform invaginations going toward
the cytoplasm above the cuticular intima (Figure 11).

The nidi, which are regenerative cell groups, are located in bas-
al region of epithelial layer. The regenerative cells have denser
cytoplasm as regards electron comparing to the epithelial cells
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Figure 8. The thin section of the ileum. Nucleus (N) and the Ry 3
connection between the granulated endoplasmic reticulum and the : T
outer membrane of the nucleus (arrow) in the epithelial cell. TEM a O - < M

Figure 11. Dispersed and nonuniform invaginations (asterix) go
toward the cytoplasm above the cuticular intima (C). SEM

Figure 9. SEM photograph of the ileum wall. Epithelial layer (E),
basal lamina (arrow) and lumen (L).
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Figure 12.The thin section of the ileum showing the regenerative

cell nidi (RN), which is composed of several regenerative cells
and nucleus (N) in epithelial cells. TEM

(Figure 12). The connective tissue recesses into the epithelial
layer and thus the epithelial layer gains undulated structure
(Figures 3 and 4). Epithelial cells rest on a thin basal lamina (Fig-
ures 7 and 9). The thin muscle tissue surrounds the outer surface
f - — — of the ileum (Figures 4, 5 and 7). The trachea, which is situated

Figure 10.The apical surface of the epithelial layer. Undulated areas in the connective tissue and outer side of the muscle tissue, can
e e e e be observed in the cross sections of the ileum (Figures 6 and 7).
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DISCUSSION

In the insects, the digestive system consists of three regions: the
foregut, the midgut, and the hindgut, while each region can be
divided within itself (13,17). The hindgut generally consists of
the ileum, the colon, and the rectum (17,35). However, in some
insects such as Catopsilla pomona (Fabricius, 1758) (Lepidop-
tera: Pieridae) the hindgut is composed of two subparts as the
ileum and the rectum (29). The ileum, which is the first part of
the hindgut, can be divided into different parts in different in-
sect groups (36). For example, in Formica nigricans (Hymenop-
tera, Formicidae), the ileum is divided into proximal, middle,
and distal ileum (37). In Cephalodesmius armiger (Coleoptera,
Scarabaeidae), larvae of Anticarsia gemmatalis (Lepidoptera,
Noctuidae), Melanogryllus desertus (Orthoptera, Gryllidae),
Poecilimon cervus (Orthoptera, Tettigoniidae) and Graphosoma
lineatum (Heteroptera, Pentatomidae), the ileum consists of a
single region (2,17,18,35,37,38). When the ileum morphology
of the last instar nymphal C. fuscus fuscus (Orthoptera) is com-
pared with the other species, there is no compartment.

The ileum in Cenocorixa bifida (Hung.) (Hemiptera, Corixidae) is
composed of two distinct areas that can be observed in TEM
photographs of cross sections of the ileum. These areas are a
ventral squamous epithelium and a dorsolateral columnar epi-
thelium consisted of extremely large cells. The arrangement of
the columnar epithelium forms a structure called as ileac pad.
Although, the ileum in the last instar nymphal C. fuscus fuscus
has no structure as in C. bifida (39).

In the cross sections of the ileum in the last instar nymphal C.
fuscus fuscus the epithelial layer has infoldings on the apical
side of the epithelium that can also be observed in Locusta
migratoria (Orthoptera, Acrididae) and C. bifida. The epithelial
cell layer also has finger-like invaginations into the lumen in M.
desertus (18,20,39).

In some insects, the ileum has symbiotic bacteria (40,41). It
has been thought that the presence of bacteria in the ileum
contributes to digestion by increasing digestibility of carbohy-
drates. The symbiotic bacteria localized on invaginations which
at the apical side facing the lumen of the epithelial layer in the
ileum of Gryllus bimaculatus (Orthoptera, Gryllidae) and Acheta
domestica (Orthoptera, Gryllidae) was described in the studies
of Ulrich et al. (1981) and Woodring and Lorenz (2007) (42,43).
In our study, we couldn’t observe the symbiotic bacteria of the
ileum lumen in the last instar nymphal C. fuscus fuscus.

The ileum epithelium of different species has different cell
types. While the proximal ileum of F. nigricans has simple
pyramidal epithelial cells, the middle ileum of the same spe-
cies has simple cubic epithelial cells (36). Although the ile-
um epithelium has a single layer of cylindrical cell type in M.
desertus, L. migratoria, and C. armiger, the ileum structure of
larvae of A. gemmatalis consists of squamous epithelial cells
(2,17,20,37). The cells of the nymphal C. fuscus fuscus have a
monolayer cubic epithelium similar to the ileum epithelium
of P. cervus (35).

In general, the regenerative cells groups, called nidi, are shown
in the midgut epithelium in insects. The new cells that grow
from small regenerative cells in the midgut can replace cells
lost through age, wear, and loss through apocrine or holocrine
secretion (35,44-46). Regenerative cells lie near the base of the
epithelial cells in larval Diptera, Lepidoptera, and Orthoptera.
On the other hand, in some orders as Coleoptera, these cell
groups are located at the apical side of the mature cells through
the gut muscle layers (47). In our results, regenerative cell nidi
were observed at the basal side of the epithelial layer of ileum in
the last instar nymphs of C. fuscus fuscus. This may be due to the
high requirement for regeneration of the ileum due to being in
one of the stages of development.

The innermost layer of the ileum of nymphal C. fuscus fuscus
shows an intima which has a cuticular layer and is folded along
the epithelial cell layer. The cuticular intima layer is similar to
the one observed in the ileum of P. cervus, C. bifida, Apis mellifera
(Hymenoptera, Apidae), L. migratoria, Pylaemenes mitratus
(Phasmatodea, Heteropterygidae), and C. pomona, which were
compared in this study.The cuticular layeris thin in the last instar
nymphal C. fuscus fuscus, Cephalotes pusillus (Hymenoptera,
Formicidae), Cephalotes clypeatus (Hymenoptera, Formicidae),
and Cephalotes atratus (Hymenoptera, Formicidae). The
thickness of the cuticular layer is related to the roles of the
ileum in absorption in these insects (13,16,20,29,35,39,48).

The outer surface of the epithelial cell layer is surrounded by
layers of circular and longitudinal muscles in C. fuscus fuscus, C.
pusillus, C. clypeatus, and C. atratus; however, while the muscle
tissue of ileum in C. pusillus, C. clypeatus, and C. atratus is thick,
the one in the last instar nymphal C. fuscus fuscus is rather thin
in some regions, and other regions have medium thickness. The
ileum in M. desertus has only circular muscle layer surrounding
the ileum wall (16,18).

CONCLUSION

This study was conducted to provide a fundamental knowledge
about the last instar nymphal C. fuscus fuscus. This species will
contribute to the data on the families of Orthoptera and the
other orders. Future comparative taxonomical, histological, and
ultrastructural studies about the alimentary canals of insects
can be conducted between other species of different insect or-
ders.
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