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ABSTRACT

Flufenoxuron caused a blockage of the production of cuticle of the last instar
nymphs since its thickness remained unchanged while that of control congeners
increased in thickness as the development proceeded. The formation of endocuticle
was prohibited, so the epicuticle and exocuticle did not properly attached to the
epidermis. The epidermis appeared with irregularly distributed cells underneath the
cuticle. On the other hand, Lufenuron exhibited more dangerous effects. The
epidermis was degenerated and detached from the endocuticle which could not
distinguish from the exocuticle.

The available electron micrographs reveal several dangerous effects of
Flufenoxuron on the thoracic muscles such as distortion shape of the Z line and
disorganization of A, I and H bands, appearance of gaps and vacuoles in the
sarcomere. Similar effects were recorded for Lufenuron beside the complete distortion
of the Z disc.

Flufenoxuron affected the ultrastructure of mid-gut such as destruction of the
cell vacuolization and a rupture of the epithelial walls. In respect to Lufenuron, some
signs of morbidity in both nuclei and cytoplasm of the epithelial cells were observed,
such as curling and rupturing of the microvilli and the formation of large area of
necrosis in a vacuolated cytoplasm.

Flufenoxuron caused several ultrastructural changes in the intracellular
organelles of last instar nymphs. The mitochondria appeared generally in an irregular
shape. Their two membranes were not demarcated with loss of cristae but increased
granules. Morphology and of Golgi bodies was remarkably influenced and some of
them were fragmented into small particles. The secretion granules associating the
Golgi bodies disappeared. The limiting membranes of lysosomes were ruptured. The
margination and nuclear chromatin seemed to be early changed leading to the cell
death. Lufenuron, on the other hand, caused many serious ultrastructural changes
since the mitochondrial cristae were partially or totally lost. Some mitochondria
appeared swollen with irregular shape while others appeared greatly elongated with
prominent cristae. The mitochondrial membranes were not demarcated, and some
mitochondria were filled with dark electron dense granules. Also, the nuclear
membrane was disrupted. As well as, the lysosomes and Golgi bodies were
hypertrophied with different deformities.
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INTRODUCTION

Chitin synthesis inhibitors (CSIs) interfere with chitin biosynthesis in insects
(Gijswijt et al., 1979) and thus prevents moulting or produces an imperfect cuticle
(Hammock and Quistad, 1981). These compounds are effective suppressors of
development for the entire life cycle on insects (Verloop and Ferrell, 1977). However,
these compounds, also, affect the hormonal balance in insects, thereby resulting in
physiological disturbances, such as inhibition of DNA synthesis (DeLoach et al.,
1981); alteration of carbohydrates (Ishaaya and Ascher, 1977); increase in
phenyoxidase activity (Deul et al., 1978); cuticular lipids (Salama et al., 1976) and
microsomal oxidase (Yu and Terriere, 1977). The most important group of CSIs is
benzoylphenyl ureas which have been subjected to intensive investigation because of
their commercial importance and their interference with the moulting and other
physiological processes in several insect species (Ishaaya, 1990; Soltani et al., 1993;
Casida and Quistad, 1998).

Compared with knowledge of the developmental, morphogenic and
reproductive effects of CSls, knowledge of their effects on tissue architecture and cell
ultrastructure is somewhat poor. However, the histopathological and/or ultrastructural
chamges in some insect species had been investigated by some CSIs such as Dimilin
against Locusta migratoria (Clarke et al., 1977), Pectinophora gossypiella (Saad et
al., 1985), Chironomus decorus (Pelsu, 1985), Musca domestica (Bakr, 1986), Culex
pipiens (Bakr et al., 1997) and Spodoptera exigua (Younes et al., 2000); triflumuron
against C. decorus and Tanypus grodhaus (Pelsu, 1985) and Tribolium castaneum
(Parween, 1997); buprofezin against Trialeurodes vaporiorum (De Cock and
Degheele, 1991). The present work aimed to investigate the histopathological effects
of the CSIs Flufenoxuron and Lufenuron and ultrastructural changes in the desert
locust Schistocerca gregaria.

MATERIALS AND METHODS
Experimental Insect:

A gregarious stock culture of Schistocerca gregaria (Forsk.) was raised by a
sample from the established culture of Locust and Grasshopper Res. Division, Agric.
Res. Center, Giza, Egypt. The insects were reared under crowded breeding conditions
outlined by Hunter-Jones (1961) and Hassanein (1965). Newly hatched hoppers were
kept in wooden cages with wire-gauze sides (40x40x60 cm) and small door in the
upperside to allow the daily feeding and cleaning routine. The bottom was covered
with 20 cm layer of sterilized sand. Each cages was equipped internally with 60 W
electric bulb for lightening (17:7 LD) and warming (32+2 C.). The relative humidity
varied from 70-80% following the introduction of fresh food plant to 60-70% several
hours later.

Successive generations were raised before obtaining the nymphs for the
present experimental work. Fresh food plant was clover Medicago sativa along the
period of study except few weeks every year because of the absence of this plant
species. During these weeks, insects were fed on Sesbania eagyptiaca. All
experiments were conducted with M. sativa only.

Nymphal Treatments with Chitin Biosynthesis Inhibitors:

A technical concentrate 10% of Flufenoxuron (Cascade, CAS-101463-
101463) was used. Its chemical name is N-{{{4-{2-chloro-4-(trifluoromethyl)
phenoxy}-2-fluorophenyl} amino} carbonyl}-2,6-difluorobenzamide. A similar
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concentrate of Lufenuron ( Match, CGA-184699 ) was used. Its chemical formula is:
N-{{{2,5-dichloro-4-(1,1,2,3,3-hexafluoro-propoxyl)-phenyl} amino} -2,6-
difluorobenzamide (CA)}}}. Feeding technique was applied using fresh clean clover
leaves (M. sativa) after dipping for 3 minutes in the concentration level. Three
replicates (10 nymphs/rep.) were carried out for each treatment. Each individual
nymph was kept in a suitable glass vial whose bottom covered with a thin layer of
sterilized sand. All vials were carefully located in a cage provided with a suitable
electric bulb for lightening and warming.

Histopathological and Ultrastuctural Techniques:

After treatment of the 1-day old penultimate instar nymphs of S. gregaria with
1000 ppm of Flufenoxuron or Lufenuron, the histopathological and ultrastuctural
effects were examined in the cuticle, muscles, mid-gut of the 1-day old last instar
nymphs. For this purpose, a representative nymph of each group was dissected and
transected, fixed as soon as possible in 3% phosphate buffered glutaraldehyde (pH
7.3) for 2 hours. After two rinses in the buffer (for a period of 4 hours) the specimens
are post fixed in 1% buffered osmium tetroxide for 1 hour at 4°Control congeners
(Brissan et al., 1996).

The tissue pieces were washed twice in a buffer for 30 minutes. The
specimens are then dehydrated in seconding grades of ethanol, 50, 70, 80, 90 and
100%. The specimens were cleared in toluene for 10 minutes and then embedded in
the resin of choic Epon. Semithen sections are cut from these blocks (stained with
toluidine blue) and examined by the light microscope (Spnrr, 1969).

Ultrathin sections obtained from selected blocks were mounted on copper
grids stained with uranyl acetate and lead citrate and then examined with Jol 1010
transmission electron microscope (Reynolds, 1963). This technique was carried out at
Regional Center for Mycology and Biotechnology, Al-Azhar University, Madenit
Nasr, Cairo.

RESULTS

The histopathological and ultrastuctural investigations were carried out for
1- day old last instar nymphs of S. gregaria after feeding the 1- day old penultimate
instar nymphs on a fresh food plant treated with 1000 ppm of Flufenoxuron,
Lufenuron, Tebufenozide or Pyriproxyfen.

A) Histopathology and ultrastucture of the integument.

The integument of control last instar nymphs consists of the cuticle,
hypodermis (or epidermis) and basement membrane. The cuticle is differentiated into
an outer epicuticle and an inner endocuticle. The hypodermis consists of a single layer
of cells, the boundaries between them are somewhat distinct and their function is to
secrete the cuticle. The hypodermal cells stand upon a basement membrane (Fig. 1 a,
b).

Fig. (2) demonstrates two electron micrographs for the Flufenoxuron-treated
1-day old last instar nymphs of S. gregaria. The treatment of 1-day old penultimate
instar nymphs with 1000 ppm resulted in some histopathological and ultrastructural
effects because the production of endocuticle was blocked since its thickness
remained unchanged while that of control congeners increased in thickness as the
development proceeded to the last nymphal instar (see Fig. 1 for controls).
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As shown in Fig. (2), also, the newly formed cuticle in the treated last instar
nymphs comprised only epicuticle and exocuticle which did not properly attached to
the epidermis. Because of this detachment, the cuticle was very delicate and could not
resist the muscular connection or the increasing turger during moulting process. In
respect to the epidermis (or hypodermis), a single cellular epithelial layer was formed
with cells irregularly distributed underneath the cuticle.

As seen in Fig. (3), some histopathological and ultrastuctural effects were
recorded for Lufenuron on the last instar nymphs. The hypodermis was degenerated
and detached from endocuticle. The latter could not distinguished from the exocuticle
in the newly formed cuticle of these nymphs. Also, a distortion was quite visible in
the endocuticle layers. The newly formed cuticle of treated nymphs was generally
thinner than that of control congeners.

B) Histopathology and ultrastructure of the thoracic muscles.

The muscle fibrils consist of filaments distribution of which is related to the
alternating light and dark bands. These bands give the muscle its striation pattern in
which the Z line is commonly selected as marking the limits of the sarcomere. There
are other bands in the sarcomere: isotropic band, I, which is bisected by the Z line,
and anisotropic band, A, which is bisected by a narrow light band, H. Also, a line M
appears along the middle of the H band. At least, two kinds of filaments exist in the
fibrils: prominent thicker filaments running along the A band and represent the
protein, myosin; and less obvious filamentous thinner filaments extending from Z line
to the edge of the H band which represents the actin (Fig. 4).

The treatment of 1-day old penultimate instar nymphs of S. gregaria with 1000
ppm Flufenoxuron resulted in some histopathological and ultrastuctural changes in the
thoracic muscles of the 1-day old last instar nymphs. The electron micrograph (Fig. 5)
shows degenerated muscles with disorganized components. The Z- disc appeared in
an irregular and distorted shape. Also, the organization of A, I and H bands was
disrupted. In addition, sarcomere had gaps and vacuoles.

In connection with the histopathological and ultrastuctural changes of the
nymphal thoracic muscles by the action of Lufenuron, the electron micrograph in Fig.
(6) reveals several symptoms of degenerated muscle fibers and complete distortion of
Z-disc.

B) Histopathology and ultrastructure of the mid-gut.

The mid-gut of the control last instar nymphs of S. gregaria consists of an
unicellular layer (epithelium) resting upon a basement membrane. This membrane is
surrounded externally by circular and then by longitudinal muscle fibers. The
epithelium consists of columner cells with clusters of small regenerative cells each of
which contains a relatively large nucleus and strongly basophilic cytoplasm. The
epithelium is, also, protected from the food particles by a detached sheath, peritrophic
membrane, surrounding a lumen.

As seen in Fig. (7), the control (normal) mid-gut appears with luminal surface of
the epithelium which is provided with a striated border constituting long microvilli.
Such microvilli protect inwards into the lumen to increase the absorption surface of
the cells, as well as , the spaces between them act as a kind of sieve.

The histopathological effects of Flufenoxuron on the mid-gut epithelium of 1-day
old last instar nymphs of S. gregaria are demonstrated in Fig. (8). The electron
micrographs show a destruction of the cell vacuolization and a rupture of the cell wall.

In respect to the histopathological effects of Lufenuron, the electron
micrographs of Fig. (9) reveal some signs of morbidity in both nuclei and cytoplasm
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of the epithelial cells: microvilli of the columner cells were curled and ruptured,
vacuolated cytoplasm with large area of necrosis.

C) Ultrastructure of the intracellular organelles.

The orientation of the mitochondria is said to depend on the nature of the
cytoplasmic matrix, vacuolar system and the direction of the diffusion currents of the
cell. The number of mitochondria in a cell depends on the type and functional state of
the cell. It varies from cell to cell and from species to species. The mitochondria may
be filamentous or granular in shape and may change from one form to another
depending upon the physiological condition of the cells. Thus they may be of club,
racket, vesicular, ring or round-shape. The size of the mitochondria ranges from 0.2 to
2.0 um and the length may range from 0.3 to 40.0 um.

The mitochondria are bounded by a double membrane envelope which provides
good tensile strength, stability and flexibility to them. The outer and inner
mitochondrial membranes are 60-70 A thick. Each of them consists of outer and
inner dense osmiophilic layers composed of protein molecules of 20 to 25 A
thickness. Also, there is a middle (25 A thick) biomolecular layer composed of lipids
(Fig. 10). Functionally, the mitochondria is described as a 'power house' in the cell.

Electron micrograph of the same figure shows the existence of rounded bodies
taking the form of sac-like structures, each being surrounded by a single thin
lipoprotein membrane. They breakdown cellular material such as protein, nucleic acid
and polysaccharides. Such bodies are, therefore, known as lysosomes which can
digest or lyse certain substances. The Golgi dictyosomes appear as flattened oval sac
together with cluster of small vesicular bodies at their edges (for more details, see
Fig. 7).

Electron micrographs of Fig. (8) reveal some ultrastructural changes by
Flufenoxuron in the last instar nymphs of S. gregaria. The mitochondria appeared
generally in an irregular shape. Their membranes were not demarkated with loss of
cristae but increased granules (Fig. 11). Also, Flufenoxuron produced remarkably
observed alterations in the morphology and topography of the Golgi bodies or
dictysomes. In general, they were fragmented into small particles which were thinned
out and gradually disappeared. The secretion granules associating the normal Golgi
bodies, also, disappeared (Fig. 8).

The lysosomes considerably increased in number. Their limiting membranes were
ruptured. The contained enzyme may be released causing destruction of the cellular
constituents and complete dissolution of the cell. Hence, the lysosomes are also
known as 'suicide bag' (Fig. 8). In addition, a great accumulation of secondary
lysosomes in the nuclear region were caused by Flufenoxuron, some of which
scattered in the cytoplasm (Fig. 8).

In connection with the nucleus, Flufenoxuron treatments resulted in a shrinkage
and condensation of its coronation. The nuclear chromatin was released by the rupture
of nuclear envelope while chromatin had disappeared from other parts of the nucleus.
The margination of chromatin seemed to be a fairly early changed occurring in the
nucleus after Flufenoxuron treatments leading to the cell death.

After the treatments of penultimate instar nymphs with Lufenuron, the
ultrastructural examination of the last instar nymphs shows variable morphological
pictures of mitochondria because cristae may be partially or even totally lost. Some
mitochondria appeared swollen with irregular shape while other appeared greatly
elongated with prominent cristae. The two mitochondria membranes were not
demarkated and mitochondria had been filled with dark electron dense granules (Fig.
12). Some mitochondria had been seriously affected by Lufenuron and mitochondria
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were left. The cells had morbid and disintegrated nuclei which appeared in no definite
shape. The nuclear membrane was disrupted (Fig. 9). Moreover, the lysosomes and
Golgi bodies were hypertrophied and puffed with several deformations (see also Fig.
89).

DISCUSSION
A) Histopathological Changes in the Body Tissues.
1)The Integument.

Various insect species belonging to several orders had been affected by chitin
synthesis inhibitors (CSIs) as the histopathological changes of the integument
revealed such effects (Ascher and Nemny, 1976; Metwally et al., 1978; Meola and
Mayer, 1980; Mohsen et al., 1986; Bakr, 1986; Wang et al., 1987; Bakr et al., 1997,
Yongdan and Liying, 2000; Sokolova et al., 2003; Xin et al., 2004). However, the
literature contains several authorities for the histopathological effects of the pioneer
CSI, diflubenzuron, on the integument of the Colorado potato beetle Leptinotarsa
decemlineata (Grosscurt, 1978), the house fly Musca domestica (Bakr, 1986), the
greenhouse whitefly Trialeurodes vaporaiorum (De Cock and Degheele, 1991, 1993),
the mosquito Culex pipiens (Bakr et al., 1997), the lesser cotton leafworm Spodoptera
exigua (Younes et al., 2000), etc...

In the present study, a concentration of 1000 ppm of each of the CSIs
Flufenoxuron or Lufenuron was given to 1-day old penultimate instar nymphs of S.
gregaria and the electron micrographs show several histopathological changes in the
integument of 1-day old last instar nymphs. Flufenoxuron caused a blockage of the
production of cuticle since its thickness remained unchanged while that of control
congeners increased in thickness as the development proceeded to the last nymphal
instar. The formation of endocuticle was prohibited, so the epicuticle and exocuticle
did not properly attached to the epidermis. The epidermis appeared with irregularly
distributed cells underneath the cuticle.

On the other hand, Lufenuron exhibited more dangerous effects on the
integument of 1- day old last instar nymphs. The epidermis was degenerated and
detached from the endocuticle which could not be distinguished from the exocuticle.
Also, the cuticle of treated nymphs was thinner than that of their control congeners.

These histopathological changes by Flufenoxuron and Lufenuron, to great
extent, agree with those results recorded for some other CSIs on the same locust
(Coppen, 1999; Tiwari, 2000; Kumari et al., 2001) and other insect species such as
Lucilia cuprina (Binnington, 1985; Binnington et al., 1987), M. domestica (Awad and
Mulla, 1984; El-Kordy, 1985), Agrotis ipsilon (Abdel-Al, 1996).

The present results, as shown in the available electron micrographs, may be
substantiated by various findings of many works including some other CSIs for
concluding that, the CSI affects the moulting process by prohibiting the epidermis
function, distribution or blocking the production of certain cuticle layers. However,
Meola and Mayer (1980) concluded that the cytostatic or antimitotic activity of CSIs
on the cuticle formation is a direct or indirect.

2) The Thoracic Muscles:

All the insect muscles are built on a similar plan with elongate cells housing
the contractile elements and, in many cases, inserted into the integument at either end.
Each muscle is made up of a number of long fibers. Multinucleate cells usually run
along the whole length of the muscle. The sarcolemma, myofibrils, sarcoplasm,
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molecular filaments, striation pattern (including discs and bands) and other structures
are detailed in Elder (1975 ).

In hemimetabolous insects, such as the desert locust S. gregaria in the present
study, a complete set of adult muscles is present in the nymphal form. Most muscles
are in use during nymphal stage. Flight muscles, however, remain small and
functionless until the last larval instar and develop rapidly just before and after the
imaginal moult (Ready and Josephson, 1982; Novicki, 1989; Shiga et al., 2002).

Clearly, flight muscles belong to the best-studied insect muscles (Usherwoood,
1975), and one of the reasons for this might be that they are the most metabolically
active tissue (Sacktor, 1970). All flight muscle fibers have short sarcomeres (2-4 um)
and a rich supply of tracheae and numerous large mitochondria (Elder, 1975). Three
principal types of flight muscle fibers were distinguished: a) tubular, b) close-packed,
and c) fibrillar with the tubular and close-packed fibers belonging to the synchromous
(or non-fibrillar) muscles (Biserova and Pfluger, 2004).

In the present study, the available electron micrographs reveal several
dangerous effects of Flufenoxuron on the thoracic muscles of last instar nymphs of S.
gregaria, such as distortion shape of the Z line and disorganization of A, I and H
bands, appearance of gaps and vacuoles in the sarcomere. More or less, similar effects
were recorded for Lufenuron beside the complete distortion of the Z disc. However,
similar or more serious histopathological changes by CSIs in the muscles of different
insect species were recorded (Bakr, 1986; Pfluger et al., 1986; Wolf, 1990; Meuser
and Pfluger, 1999; Biserova and Pfluger, 2004).

In the present study, the remarkably affected muscles by Flufenoxuron and
Lufenuron , together with the lack of energy, may explain why the nymphs appeared
in abnormal shape and failed to completely shed their exuvia or metamorphosed into
adults with many morphogenic aberrations.

3) The Mid Gut:

The histopathology and ultrastructure of the alimentary canal, and the mid gut
in particular, have revealed various effects of several insecticides and CSlIs.
Tappozada et al. (1968) investigated the histological and cytological changes in the
mid gut of Spodoptera littoralis by some insecticides such as elongation of the
epithelial cells, fading of cell boundaries and degeneration of some cells.
Diflubenzuron blocked the production of peritrophic membrane in Locusta migratoria
(Clarke et al., 1977). Decamethrin, diflubenzuron and methomyl caused vacuolation,
elongation and breakdown of the epithelium, separation and detachment of peritrophic
membrane of the pink bollworm Pectinophora gossypiella (Saad et al., 1985). Large
vacuoles were observed in the epithelial layer of treated chironomid midges larvae (
Chironomous decorus Johansen and Tanypus gradhaus Sublette) fed on
diflubenzuron and triflumuron (Pelsu, 1985). Similarly, in adult Tribolium castaneum
fed on triflumuron, epithelium vacuoles were observed in the mid gut (Parween,
1997). The histopathological effects of some insecticides on the mid gut of Agrotis
segetum were investigated by Ernic and Ayvali (1989). They recorded a destruction
of epithelial and muscle cells at 6-10 h after treatment with trichorfan and
disintegrated epithelial layer into the lumen after 18 h of treatment. The vacuolation,
elongation and disintegration of the epithelial cells, as well as the disappearance of
muscularis and regenerative cells, detachment of the basement membranes, ect
had been observed in the mid gut of S. exigua by the action of diflubenzuron,
malathion and cypermethrin (Younes et al., 2000). In addition, similar or other
histopathological changes had been reported for some CSIs on different insects (Ker,
1977; Mitsui et al., 1980; Radwan et al., 1986).



30 Bakr, R.F. et al

In the present histopathological study on the last instar nymphs of S. gregaria,
the electron micrographs show several effects of Flufenoxuron such as the cell
vacuolization and a rupture of the epithelial walls. In respect to Lufenuron, some signs
of morbidity in both nuclei and cytoplasm of the epithelial cells were observed, such
as curling and rupturing of the microvilli and the formation of large area of necrosis in
a vacuolated cytoplasm. The vacuolization in the mid gut epithelium of treated
nymphs was interpreted by Salkeld (1951) as a result of cell elongation, where the
cytoplasm elasticity was lost.

The investigated effects in the present study may be informative to conclude
that the CSIs Flufenoxuron and Lufenuron exhibited their dangerous histopathological
effects on the mid gut of last instar nymphs of S. gregaria particularly after feeding on
a food treated with a concentration of each. However, the mode of action needs to be
investigated through further studies in future.

B) Influenced Intracellular ultrastructure by Chitin Synthesis Inhibitors.

Mitochondria are considered as the 'power house' of the living cell which
supply energy for many chemical reactions and transport mechanisms in the cell.
Orientation of mitochondria depends on the nature of the cytoplasmic matrix, vascular
system and the direction of diffusion of currents in the cell. Their number and shape
depend on the cell type and its physiological state varying from insect species to
another. Each mitochondrium is bounded by a double membrane envelope which
provides its tensile strength, stability and flexibility (Bakr, 1986 ).

After treatment of penultimate instar nymphs of S. gregaria with
Flufenoxuron, in the present study, several ultrastructural changes were recorded.
The mitochondria appeared generally in an irregular shape. Their two membranes
were not demarcated with loss of cristae but increased granules. Morphology and
topography of Golgi bodies was remarkably affected and some of them had been
fragmented into small particles. The secretion granules associating the Golgi bodies
disappeared. The limiting membranes of lysosomes were ruptured. The secondary
lysosomes were accumulated in the nuclear region. The margination and nuclear
chromatin seemed to be early changed leading to the cell death.

On the other hand, the present investigation revealed that Lufenuron caused
many serious ultrastructural changes since the mitochondrial cristae were partially or
totally lost. Some mitochondria appeared swollen with irregular shape while other
appeared greatly elongated with prominent cristae. The mitochondrial membranes
were not demarcated, and some mitochondria had been filled with dark electron dense
granules. Also, the nuclear membrane was disrupted. As well as, the lysosomes and
Golgi bodies were hypertrophied with different deformities. More or less, similar
ultrastructural effects of different CSIs had been reported for various insect species
(Meola and Mayer, 1980; Price and Stubbs, 1984; Wang et al., 1987, Bakr and
Hussein, 1988; Khalaf, 1993; Bradly et al., 2001).
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Fig. (1): Electron micrographs of transverse sections through two sites (a & b) of the integument of
control 1- day old last instant nymphs of Schistocerca gregaria. Abreviations: Ep:
epicuticle, Ex: exocuticle, En: endocuticle, Mt: mitochondria, Cr: mitochondrial cristae

Fig. (2): Electron micrographs of transverse sections through two sites (a , b) of the integument of
Flufenoxuron - treated last instar nymphs of Schistocerca gregaria . The production of
endocuticle was blocked since its thickness remained unchanged through the development.
Epicuticle and exocuticle did not properly attached to the epidermis. Epidermal cells were
irregularly distributed underneath the cuticle. Abbreviations: Ep: epicuticle, Ex: exocuticle,
En: endocuticle, Hy: epidermis (or hypodermis).

(a)

Fig. (3): Electron micrographs of transverse sections through two sites (a, b) of the integument
of Lufenuron - treated last instar nymphs of Schistocerca gregaria. Hypodermis was
degenerated and detached from the endocuticle. Exocuticle can not be distinguished
in the newly formed cuticle. Also, a distortion is quite visible in the endocuticle
layers. Abbreviations: Ep: epicuticle, Ex: exocuticle, En: endocuticle, Hy: epidermis
(or hypodermis).
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Fig. (4): Electron micrograph of a longitudinal section of the thoracic muscles of control 1- day old

last instar nymphs of

Schistocerca gregaria Abbreviation: I:

isotropic band, A:

anisotropic band, M: middle band, H: narrow light band, Z: marked limits of sarcomere.

Fig.

(5): Electron micrograph of a
longitudinal section of the thoracic
muscles of Flufenoxuron - treated last
instar nymphs of Schistocerca
gregaria. The Z- disc appeared in an
irregular and distorted shape. Also,
the organization of A, I and H bands
was disrupted. Abbreviations: I:
isotropic band, A: anisotropic band,
M: middle band, H: narrow light
band, Z: marked limits of sarcomere.

Fig.

(6): Electron micrograph of a
longitudinal section of the thoracic
muscles of Lufenuron - treated last

instar nymphs of Schistocerca
gregaria. Degenerated muscle fibers
and complete distortion of Z- disc
can be observed.  Abbreviations:
Z: marked limits of sarcomere, Ms:
muscles.
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Fig. (7): Electron micrographs of transverse sections through two sites (a & b) of the mid gut of
control 1- day old last instant nymphs of Schistocerca gregaria. Abbreviations: L: Lumen
cavity, Gb: Golgi bodies, N: nucleus, Ly: Lysosome, Mv: microvilli.
— 5 —.r—‘—**: — : e ‘--"_ = ﬂ'm : —”—-- i “‘-';v T et

I

Fig. (8): Electron micrographs of transverse sections through two sites (a & b) of the mid gut of
Flufenoxuron - treated last instar nymphs of Schistocerca gregaria. A destruction of the
cell vacuolization and a rupture of the cell wall can be easily observed. Also, alterations in
the morphology and topography of the Golgi bodies can be seen. The lysosomes
considerably increased in number, nucleus can be seen as shrinked with condensed
coronation. Abbreviations: dMv: destruction of microvilli, Ly: lysosome, Gb: Golgi bodies,
N: nucleus, L: lumen cavity, AF: autophagic vacuoles.

B T

(a) ' ) (b) |

Fig. (9): Electron micrographs of transverse sections through two sites (a & b) of the mid gut of
Lufenuron - treated last instar nymphs of Schistocerca gregaria. Morbidity in both nuclei
and cytoplasm of the epithelial cells can be observed. Also, the microvilli of columnar cells
were ruptured and appeared in a curled shape. A vacuolated cytoplasm can be seen with a
large area of necrosis. The nuclear membrane was disrupted . Lysosomes and Golgi bodies
were hypertrophied and puffed with several deformations. Abbreviations: Ly: lysosome, Mr:
microvilli, Ch: chromatin, N: nucleus.
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Fig. (10): Electron micrograph of mitochondria in control 1- day old last instar nymphs of
Schistocerca gregaria. Abbreviations: Mt: mitochondria, Cr: cristae.

Fig. (11): Electron micrograph of mitochondria in Flufenoxuron - treated last instar nymphs of
Schistocerca gregaria. The mitochondria generally appeared in an irregular shape. Their
membranes were not demarcated with loss of cristae. Abbreviations: Mt: mitochondria, Cr:

cristae.

Fig. (12): Electron micrograph of mitochondria in Lufenuron - treated last instar nymphs of
Schistocerca gregaria. Variable morphological pictures of mitochondria can be shown.
Cristae may be partially or even totally lost. Some mitochondria appeared swollen with
irregular shape and other appeared greatly elongated with prominent cristae.

Abbreviations: Mt: mitochondria, Cr: cristae.
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