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Highlights

» This paper focuses on the Malpighian tubules in nymphal Conocephalus fuscus fuscus.
* The light microscope and transmission electron microscope techniques were used.
« The fine structure of the Malpighian tubules was revealed.
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Malpighian tubules are the main osmoregulatory structures in insects. The primary task of the
insects’ Malpighian tubules is to remove the nitrogenous wastes and other remained of
metabolites. In this study, the nymphal Malpighian tubules of Conocephalus fuscus fuscus were
studied with optical and transmission electron microscopy. The wall of each Malpighian tubule
is comprised of a single layer of cells. The Malpighian tubules in nymphal C. fuscus fuscus have
3 types of epithelial cells. The first group of the cells outnumbers the other groups of cells and
they have long microvilli at the apical side of the plasma membrane. The second group of the
cells has electron-dense cytoplasm. The microvilli of the second group of the cells are shorter
than those of the first group of the cells. The cytoplasm of the epithelial cells of the third group
is so electron-lucent. These significant differences in the fine structure of the tubule cells were
compared with the other Hexapoda orders. The general composition of the Malpighian tubules of

microscope the nymphal C. fuscus fuscus is generally similar, despite some histological differences compared
to those of other species.

1. INTRODUCTION

Conocephalus (Anisoptera) fuscus (Fabricius, 1793) (Orthoptera, Tettigoniidae) is a phytophagus insect
and they generally feed with grasses. General distribution of this species is appears to be in Northern Africa,
Kazakhstan, Iran, Pakistan, Middle Asia and a large part of Europe such as Switzerland, France,
Netherlands, Germany, Bulgaria, Romania, Sweden, Spain, Italy and Turkey [1-4]. Thus, this is a
widespread species. Besides, there has been some rising in global warming in recent years, which has led
to the spread of this species to warmer territories Conocephalus (Anisoptera) fuscus fuscus (Fabricius,
1793) (Orthoptera, Tettigoniidae) is one of two subspecies of C. fuscus [1-7].

Malpighian tubules (MTSs) are the main excretory organs of the classis Hexapoda (Insecta). The main roles
of the MTs are the removal of the waste products, detoxification, immune defense, and thus, regulation of
osmotic and ionic balance by excreting nitrogenous products and toxic compounds in terrestrial insects.
Besides, they play a role in bioluminescence in some insect groups such as Arachnocampa spp. (Diptera)
[8-16].

The MTs are tubular structures that have blinded end at the distal region and scattered all over the body
cavity. The proximal regions of the MTs open to the midgut-hindgut junction of the digestive canal. Thus,
the lumen of the MTs opens to the lumen of the hindgut [14,17-19].
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The number of the MTs shows diversity among different insect groups. For instance, the number of the
MTs can reach up to 200 in Orthoptera, while it varies from 1 to 4 in Hemiptera. Besides, the number of
the MTs is 50-60 in Odonata, 6 in Lepidoptera, 12-150 in Hymenoptera, and 4 in Diptera [20,21].

The solutes and water pass into the lumen of the MTs from the hemolymph. This production of the filtrate
called primary urine is ensured by active transport mechanisms. Generally, the distal segments of the MTs
excrete organic solutes, water, and ions while the proximal segments of the MTs reabsorb water and useful
substances and the filtrate is transferred into the lumen of the hindgut. Reabsorption continues in the rectal
epithelium. Some toxic substances such as nicotine, salicylate, morphine, atropine, ouabain, etc. are the
excretion products that are excreted by MTs [8,16,21-28].

In some articles studied before, structure, anatomy, and morphology of the MTs were observed in details
at various insect taxon. But, the structure of nymphal MTs of C. fuscus fuscus was not observed. For this
purpose, the nymphal MTs of C. fuscus fuscus were described as a means to contribute to the better
comprehension of histology, anatomy, and fine structure of the excretory system of this subspecies.

2. MATERIAL METHOD

The nymphs of C. fuscus fuscus were taken from the territories along Ankara-Cankiri road and were taken
to the laboratory at Gazi University, Faculty of Science, Department of Biology in June 2017. First, the
MTs were dissected. Dissected specimens were firstly photographed by stereomicroscope, then, they were
fixed in 5% glutaraldehyde (phosphate-buffered, pH 7.2), and were prepared for light microscope (LM)
and transmission electron microscope (TEM) examinations.

2.1. The Transmission Electron Microscopy

Dissected samples were first rinsed in 5% glutaraldehyde for pre-fixation and then in 1% OsO4 for post-
fixation. Then, the specimens were dehydrated in ethyl alcohol series (%70, %80, %90, %100) and
transferred in embedding medium (Araldite) after rinsing with phosphate buffer. Subsequently, some ultra-
thin sections were cut from Araldite blocks and stained the sections with heavy metal salts (lead citrate,
uranyl acetate) [29, 30]. Then, the stained specimens were examined and photographed with TEM (JEOL
JEM-1400) at 80 kV acceleration voltage.

2.2. The Light Microscopy

For the light microscopy, some semi-thin sections were cut from Araldite blocks, put on LM slides, and
then treated the sections in 1% methylene blue for staining [30]. The slides were searched with LM
(Olympus BX51) and photographed.

3. RESULTS

In the nymphs of males and females of C. fuscus fuscus, there are numerous MTs that are connected to the
digestive tract at the region of connection of midgut-hindgut (Figure 1). The long MTs look yellow in the
stereomicroscope photographs (Figure 1). When the cross-sections of the MTs are examined, it is seen that
each MT is composed of epithelial tissue with a single layer which has about 3-5 cells (Figures 2, 3). That
thin muscle tissue and thin connective tissue encircle the epithelial layer are sighted in TEM and LM
photographs of the cross-sections of MTs (Figure 3). Besides, the trachea accompanies the MTs at the outer
side of the tubules. In Figure 4, the tracheal end cell and the connection between the MT and the trachea
can be seen clearly (Figure 4).

The MTs in C. fuscus fuscus have 3 types of epithelial cells. The first group of the cells outnumbers the
other groups of cells and they have long microvilli at the apical side of the plasma membrane (Figure 5). In
ultrathin sections of the tubule cells, it can be observed that the secretion occurs from the cytoplasm of the
cells into the lumen. A large number of vesicles is also seen at the end of the microvilli (Figure 6). There
are some electron-lucent vesicles and a few initial forms of the spherocrystals among the vesicles in the
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cytoplasm of the first group of epithelial cells (Figures 7, 8). The basal plasma membrane of the first group
of the epithelial cells has numerous short folding that extend the surface area of the basal plasma membrane
(Figure 9).

The second types of cells contain cytoplasm which looks electron-dense (Figures 5, 10, 11). The microvilli
at the apical side of these cells are shorter compared with those of the first group of the cells (Figure 5).
The Golgi areas are abundant in the cytoplasm of these cells (Figure 11).

The cytoplasm of the third group of the epithelial cells is so electron lucent and looks as if the components
of the cells were released to the lumen (Figures 5, 12). The third group of the cells contains a wide range
of spherocrystals with several dimensions in their cytoplasm (Figure 12).

Figure 1. The general view of the midgut (MG) and the MTs (arrows). The encircled part is the region
where the MTs are connected to the midgut-hindgut junction (Stereomicroscope, Scale bar = 1 mm)

Figure 2. The semi-thin section of the MTs (arrows). L: lumen of the MTs (Light m‘icroscope, Methylene
blue, X400, Scale bar = 50 um)
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Figure 3. The thin section of the MTs. N: nucleus, L: lumen, arrows: thin muscle tissue, MV: microvilli
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Figure 4. Connection (arrows) between MT and trachea (T). L: lumen, E: epithelium of MT, arrowhead:
tracheal end cell (TEM)
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Figure 5. The longitudinal section of the MT showing all the 3 types of epithelial cells. L: lumen, 1: the
first group of the epithelial cells, 2: the second group of the epithelial cells, 3: the third group of the
epithelial cells (TEM)
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Figure 6. The secretory vesicles (arrows) among the microvilli (MV) of the first group of the epithelial

cells. L: lumen (TEM)
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Figure 7. The cell which belongs to the first group contains electron lucent vesicles (asterisk). L: lumen,

MV: microvilli (TEM)
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Figure 8. Electron lucent vesicles (asterisk) and some spherocrystals (arrows) among them (TEM)
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Figure 9. The basal membrane foldings (encircled) in the first group of the epithelial cells. Asterisk:
electron-lucent vesicles, N: nucleus (TEM)
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Figure 10. The second group of the epithelial cells (asterisk) with electron denser cytoplasm then the first
group of the cells with round-shaped nucleus (N) (TEM)
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Figure 11. The Golgi areas (G) in the second group of the epithelial cells. N: nucleus (TEM)
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Figure 12. The spherocrystals (arrows) in the third group of the epithelial cells (TEM)
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4. DISCUSSION

MTs are considerably essential excretory structures of the insects. They are found on the midgut and the
hindgut junction [15,31-33]. The MTs of C. fuscus fuscus are connected to the digestive tract through the
midgut-hindgut junction as in other species. Each tubule consists of a single layer epithelium which has
three or more cells. In Coboldia fuscipes (Diptera) [15], Scoliopteryx libatrix (Lepidoptera) [19] and
Poecilimon cervus (Orthoptera) [30], the epithelial layer of the MTs is also monolayer.

Basal membrane folds and microvilli in the cells are considered to be indicative of active transport
mechanisms [30-35]. The epithelial cells of the MTs of C. fuscus fuscus have numerous short basal
membrane folds such as P. cervus (Orthoptera) [30], Troglophilus neglectus (Orthoptera) [34], Grylloblatta
compodeiformis (Orthoptera) [36], and Melanoplus differentialis differentialis (Orthoptera) [37]. In C.
fuscus fuscus, there are numerous long microvilli on the apical side of the epithelial cells. Similarly, in some
species such as Locusta migratoria (Orthoptera) [38], Schistocerca gregaria (Orthoptera) [38], Podisus
nigrispinus (Hemiptera) [39], the apical surfaces of epithelial cells have long microvilli. The mitochondria
were not observed among the microvilli on the apical surface of the tubular cells of C. fuscus fuscus. On
the other hand, mitochondria were found among the microvilli in P. cervus (Orthoptera) [30].

In C. fuscus fuscus, tubule cells contain a wide range of spherocrystals with several dimensions.
Spherocrystals provide the accumulation of minerals and organic materials necessary for cells and also has
the task of depositing toxic metals and regulating the mineral composition. There are numerous
spherocrystals in the tubule cells of P. cervus [30] and T. neglectus [34], which are an Orthoptera species
and Terrobittacus implicates (Mecoptera) [40].

In ultrathin sections of the tubule cells in C. fuscus fuscus, it was observed that the secretion occurs from
the cytoplasm of the cells into the lumen. A large number of vesicles were also seen at the end of the
microvilli. This result showed that the waste materials will be transferred from the tubule lumen to the
hindgut or useful materials are carried into the hemolymph [41,42].

In conclusion, although the general structure and morphology of MTs of C. fuscus fuscus has some
differences with the insects of Orthoptera or other orders, its histological and ultrastructural structure are
very similar. This is because the task of MTs is similar in all insect groups.
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