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Abstract: In this study, the effects of the antijuvenile hormone Precocene II on the corpus allatum of adult females of Anacridium
aegyptium L. (Orthoptera) were investigated with electron microscopy. In the insects, topically treated with 500 µg precocene II,
the corpora allata did not show marked atrophy or destruction. After 10 or 20 days of precocene II treatment, the ultrastructural
changes of especially the nuclei, mitochondria, endoplasmic reticulum membranes, Golgi complexes and some other intracellular
organelles in the gland cells, probably reflect a moderate sensitivity to this compound.
Key Words: Corpus allatum, Precocene II, Ultrastructure, Anacridium aegyptium.

Ergin Difli Anacridium aegyptium L. (Orthoptera, Acrididae)’da Korpus Allatum’un ‹nce Yap›s›
Üzerine Precocene II’nin Etkisi
Özet: Bu çal›flmada Anacridium aegyptium L. (Orthoptera)’un ergin diflilerinde, antijuvenil hormon precocene II’nin korpus allatum
üzerine etkisi elektron mikroskobu ile araflt›r›lm›flt›r. Topikal olarak 500 µg precocene II uygulanm›fl böceklerde, korpora allata belirgin bir y›k›m veya küçülme göstermemifltir. Precocene II uygulamas›ndan 10 veya 20 gün sonra, bez hücrelerinin özellikle nukleuslar›, mitokondrileri, endoplazmik retikulum membranlar›, Golgi kompleksleri ve di¤er baz› hücre içi organellerindeki ultrastrüktürel de¤ifliklikler, olas›l›kla bu bilefli¤e karfl› hafif bir duyarl›l›¤› yans›tmaktad›r.
Anahtar Sözcükler: Korpus allatum, Precocene II, Ultrastrüktür, Anacridium aegyptium.

Introduction
The corpora allata of insects are endocrine glands
which secrete juvenile hormones that affect the
regulation of metamorphosis and the development of
gonads. In many insect groups, antijuvenile hormone
agents inhibiting the biosynthesis of juvenile hormones of
the corpora allata and the insufficiency of these
substances exert some abnormalities in certain biological
phenomena, which are controlled by the juvenile
hormones (1,2).
Treatment of several heteropterous insect nymphs
with certain ageratochromenes, called precocenes,
induces the development of precocious sterile adults (3)
and these compounds also cause necrosis or atrophy in
the corpora allata of heteropterous nymphs and adults
(4-7) and in some instar larvae of locusta (8-12). These
toxic chemicals are antiallatal and antigonadotropic in the

adults of different groups of insects (4,13-18). In
different
insects,
after
observing
abnormal
metamorphosis and degeneration of the corpora allata
and also the antigonadotropic effects of precocenes, these
compounds received attention as a new group of
insecticides.
The research material, A. aegyptium, is a locust which
passes autumn and winter months in the adult diapausing
phase. Although there is considerable research about the
hormonal control of adult diapause (19-22), little was
found on the fine structure of the fat body (23) and the
ultrastructure of last larval and adult corpora allata (24)
in A. aegyptium.
The aim of this electron microscopical work was to
investigate the probable effects of precocene II on the
gland cells of the corpora allata of A. aegyptium during
the imaginal life.
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Materials and Methods
Adult diapausing A. aegyptium, when the corpora
allata gland activity was lower, were collected around
Bornova (Izmir) in autumn. 500 µg precocene II (Aldrich
Chem. Co. 6-7 dimethoxy 2, 2-dimethyl-3 chromene)
dissolved in 20 µl pure acetone, was applied topically on
the abdominal tergum after lifting the wings of each adult
female. Control insects were treated with acetone or
were untreated.
The precocene treated insects and the controls, 10
individuals in each group, were kept in separate cages
with adult males under laboratory conditions, where the
adult diapause of the females broke at a temperature of
30±1°C, relative humidity 40-50%, and with a long-day
photoperiod (16:8 hours), and were fed with fresh
ligustrum vulgare L. leaves, bran and water.
For the electron microscopy, on the 10th and 20th
days, the corpora allata of the control insects and the
precocene II treated ones were fixed in 2.5%
formaldehyde glutaraldehyde (25). Post fixation was
carried out in 1% osmium tetroxide (26) and dehydration
was graded in ethanol and embedded in Epon 812. For
light microscopy semi-thin sections were stained with
toluidine blue. Thin sections were double stained with
uranyl acetate and lead citrate and microphotographs
were taken under the Jeol 100-C transmission electron
microscope. Only the glands on the 10th day were
evaluated in the control group while both were taken into
consideration in the treated group. Statistical analysis was
made according to CD (coefficient of difference) values
(27).

Results
The corpus allatum of A. aegyptium is a paired ovoid
endocrine gland, each encapsulated with a connective
tissue. This stromal sheath is either a thin basal lamina or
a thick layer furnished with scattered glial cells, trachae,
tracheoles and neurosecretory axons (Figure 1). The
thickness of the basal lamina was measured to be 400 nm
in precocene II treated insects and 800 nm in control
insects.
During the examination of semi-thin sections stained
with toluidine blue, in precocene treated A. aegyptium,
the corpus allatum did not show any atrophy. There were
no significant differences between the control and
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precocene treated insects after 20 days in terms of the
width, length and the width-length ratio of the corpus
allatum (N=10), according to the CD values (range 0.130.43), since these values were lower than the significant
level of 1.28. In the terminal oocytes of treated A.
aegyptium, the yolk deposition was also observed.
Corpora allata consist of mostly gland cells (Figures 15) and between axons of corpus allatum nerves, glial cells,
trachae and tracheoles (Figures 6-9). Dark and light
interdigitated gland cells are seen in both the controls
(Figures 2,3,5) and precocene treated groups (Figure 6).
Cells in the interior part of the corpus allatum are closely
packed and narrow intercellular spaces with dark material
are generally observed (Figure 2), whereas large electron
lucent intercellular spaces with some substance always
occurred at the peripheral region of the gland (Figure 1).
Intercellular spaces between gland cells and glial cells are
widened where some vesicular, fibrillar, granular or
membranous structures and also many small finger-like
cell processes are occasionally observed in treated A.
aegyptium (Figures 6,9).
Both smooth and rough endoplasmic reticulum
membranes are present in the gland cells of the corpus
allatum (Figures 1-7,10-14). In controls smooth
endoplasmic reticulum is found predominantly arranged
in distinctive whorls of concentric cisternae and a dense
body may be found in the central area of this assemblage
(Figures 1-4), whereas in other regions of the same cell
or in other cells, smooth endoplasmic reticulum is
observed as small tubules or vesicles (Figures 4,6,7).
Concentric cisternae of smooth endoplasmic reticulum
observed in precocene-treated A. aegyptium are different
in shape (Figures 12-14). In Figure 13, two concentric
clusters are seen adjacently, and a group of mitochondria
are also observed in the center of these structures (Figure
14). In some other cells concentric membranes seem to
become unrolled or degenerated.
In the controls (Figures 3,4) and in the treated A.
aegyptium (Figures 13-15) polysomes are found to be
abundant in the cytoplasm, and the cisternae of rough
endoplasmic reticulum are richly studded with ribosomes
(Figures 3-5). However, they are distributed as either
short or long coiled cisternae or dilated vacuoles (Figures
10-12,16) with fewer ribosomes in the corpus allatum of
precocene treated A. aegyptium. Microtubules and lipid
droplets are also observed in the cytoplasm of gland cells
in both controls and treated insects (Figures 10,11).
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Figure 1.

Peripheral area of corpus allatum showing large
intercellular space (ICS). Note some invaginations of
nuclear envelope (N). Dense body (DB), sheath (SH), whorls
of smooth endoplasmic reticulum (SER). Bar = 4µm.

Figure 2.

Internal area of corpus allatum showing dark and light (✱)
interdigitated gland cells with narrow intercellular spaces.
Dense body (DB), nucleus (N), nucleolus (NL), whorls of
endoplasmic reticulum (➞) Bar = 4µm.

The nuclei with a prominent nucleolus are generally
round or ovoid but in the peripheral cells they are mostly
convoluted (Figures 1-3,7,12). In the controls nuclear
envelopes are mostly regular (Figures 2,3,5) but in some
treated cells the nuclei have slight invaginations (Figure
12) or slight large perinuclear spaces (Figure 10).
Golgi
saccules
vacuoles
(Figures

complexes generally consist of the stack of
associated with groups of small vesicles or
in both controls and treated A. aegyptium
3,5,6,10,13,14,17). The Golgi vesicles of

Figure 3.

All mitochondria (M) appear rod-like or globular with
electron lucent matrix. Dense body (DB), Golgi complex
(G), light gland cell (✱), mitochondria (M), multivesicular
body (➞), nucleus (N), polysomes (❑), rough endoplasmic
reticulum (RER), whorls of smooth endoplasmic reticulum
(SER). Bar = 2µm.

Figure 4.

Appearance of whorls of concentric cisternae of smooth
endoplasmic reticulum (SER), note rough endoplasmic
reticulum (RER) with attachment of numerous ribosomes.
Mitochondria (M), multivesicular body (➞), nucleus (N),
polysomes (❑). Bar = 1µm

treated A. aegyptium filled with slightly dense material
are occasionally observed (Figure 17). Their vacuoles
appear swollen and membranes are quite irregular
(Figures 6,10). Multivesicular bodies are frequently
observed in control A. aegyptium (Figure 4).
Although there is no difference in the appearance or
in the number of lysosome- like dense bodies (Figures 13,5,12,17) in some treated cells they are drawn together
with some other organelles such as free ribosomes or
mitochondria, which may reflect the initiation of the
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Figure 5.

Figure 6.

Golgi complex (G) with some dense bodies (DB) nearby.
Light gland cell (✱), mitochondria (M), nucleus (N), smooth
endoplasmic reticulum (SER). Bar = 1µm.

Figure 7.

Parts of gland cells. Note dark mitochondria (M) with
indistinguishable cristae. Neurosecretory axon (AX), glial
cell (GC), nucleus (N), nucleolus (NL), smooth endoplasmic
reticulum (SER). Bar = 2µm.

Parts of light gland cells and glial cell (GC). Compare dark
mitochondria (M) and Golgi complex (G) with swollen
cisternae and vacuoles to control (Figure 3).
Neurosecretory axon (AX), large intercellular space (ICS)
with few cell processes, smooth endoplasmic reticulum
vesicles (SER), giant mitochondrium (✱). Bar = 2µm.

Figure 8.

Glial cell (GC) foldings surrounding axons (AX) profiles with
neurosecretory granules. Trachae (T), tracheoles (t). Bar =
2µm.

cytolysosomal organization (Figures 13-15). The
mitochondria which are enclosed by an isolation
membrane are occasionally observed in some cells (Figure
10). In Figure 11 the long coiled endoplasmic reticulum
encloses a few mitochondria and a lipid droplet is seen.
The mitochondria are round, ovoid or slender in shape
with lamellar or tubular cristae and electron lucent matrix
in the control A. aegyptium (Figures 3-5), although they
differ in morphology from those of treated ones (Figures
6,7,10-12,14-17). The mitochondria with electron dense
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matrix in some treated insects seem to be strikingly
affected by the treatment of precocene II. The
pleomorphic mitochondria are mostly observed in some
gland cells. As well as the basic types, dumbbell-shaped,
cup-shaped and ring-shaped mitochondria are frequently
distributed in the cytoplasm (Figures 10,11,16,17). This
rich mitochondrial pleomorphism is not observed in the
controls. Giant mitochondria (Figure 6) and some others
with swollen mitochondria are seldom observed (Figure
15). The outer membranes and cristae, in some dense
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Figure 9.

Part of gland cells showing mitochondrial pleomorphism.
Most mitochondria (M) showing ring-like, cup-like or
dumbbell-like appearance. Note slightly large perinuclear
spaces (➤), microtubules (mt), a mitochondrium
surrounded by a distinct membrane (✱), dilated cisternae of
rough endoplasmic reticulum ( ), Golgi complex (G),
Nucleus (N). Bar = 1µm.
▼

Figure 10.

Large intercellular space (ICS) with
small finger-like projections are
noted. Axon (AX). Bar = 2µm

Figure 11.

A long coiled endoplasmic reticulum (ER) encloses some
mitochondria (M) and a lipid droplet (L). Bar = 1µm.

Figure 12.

Part of gland cells showing abundance of dark
mitochondria (M) rod or round in shape. Note the paucity
of ribosomes on the rough endoplasmic reticulum ( ).
Lysosome-like dense body (LY), nucleus (N), nucleolus
(NL). Bar = 1µm.

mitochondria, may not be observed easily and in some
cases, these can not be distinguished from lysosome- like
dense bodies (Figures 7,16).

The present electron microscopical study describes
for the first time in adult female A. aegyptium the effects
of precocene II on the corpus allatum. It was
demonstrated that the precocene II treated corpus
allatum of adult female A. aegyptium did not show
intensive cell destruction or atrophy like in adult D.
Punctata (14) after in vivo treatment with precocene II.
Nevertheless, finding CD values less than 1.28 also
showed that precocene II did not inhibit the volume

▼

Discussion
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Figure 13.

Figure 14.

A group of mitochondria (M) surrounded by whorls of
smooth endoplasmic reticulum (SER). Note all
mitochondria (M) are mostly rod-shaped or globula with
distinct cristae. Golgi complex (G), polysomes (❑). Bar =
1µm.

increase of the corpora allata in treated A. aegyptium. In
contrast, it was reported that in adult O. fasciatus
(4,5,6), 4th instar nymphs of L. migratoria (8,9) and S.
gregaria (11), precocene II causes cellular degradation
and atrophy in the corpora allata. Masner et al. (7)
pointed out that the corpus allatum of 5th instar larvae of
O. fasciatus was not affected by precocene II. Miall and
Mordue (10) reported a juvenile effect of precocene II
instead of an antijuvenile effect in 5th instar nymphs of L.
migratoria. Schooneveld and Orshan (12) also showed
degenerative effects of precocene in 4th instar nymphs of
L. migratoria, whereas recovery or regeneration was seen
in 5th instar nymphs. These different results can be
interpreted as showing different reactions of the corpus
allatum to precocene in adults or instars of the same
species (28).
Some interpretive ultrastructural studies might be
summarized as below. Dark and light gland cells of the

Figure 15.
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Two concentric cisternae of
smooth endoplasmic reticulum
(SER) are adjacent. Note the
abundance of polysomes (❑), Golgi
complex (G). Bar = 1µm

Swollen mitochondria (M) and free
ribosomes (R) accumulation.
Polysomes (❑). Bar = 1µm.

G. ERGEN

corpus allatum were reported in C. erythrocephala (29),
O. fasciatus (5,6,30) as well as in the present
investigation. These dark cells of O. fasciatus were
considered inactive cells (30), active cells (6) or
degenerated necrotic cells (5).
In precocene II treated L. migratoria, Schooneveld
(8,9) showed electron dense cells with irregular nuclear
and cellular boundries, little cytoplasm and strongly
increased extracellular spaces. Then cells were
phagocytosed by hemocytes. But phagocytosis was not
seen in A. aegyptium. In O. fasciatus, Unnithan et al. (5)
observed segregation of various cytoplasmic organelles,
autophagic vacuoles and residual bodies, pleomorphic
mitochondria and signs of disintegration in the corpus
allatum of topically or contact treated precocene II bugs.
Autophagic vacuoles were not observed extensively in A.

Figure 16.

Appearance of long coiled cisternae
of rough endoplasmic reticulum
(RER) attachment of few ribosomes.
Most mitochondria (M) was noted
with indistinct outer membrane and
cristae. Bar = 1µm.

Figure 17.

Appearance
of
pleomorphic
mitochondria (M). Golgi complexes
(G) have abundance of small
vesicles. Lysosome-like dense
bodies (LY). Bar = 1µm.

aegyptium. Feyerisen et al. (14) pointed out
disorganization within the intracellular membranes,
swelling and irregularity of Golgi membranes, clumping
and irregularity and smooth endoplasmic reticulum after
in vivo or in vitro treatment in D. punctata. All these
ultrastructural findings (5,8,9,14) showed some
similarity to those of A. aegyptium.
The predominant effect of precocene II was the
presence of pleomorphic mitochondria with electron
dense matrix, indistinguishable outer membrane and
cristae in A. aegyptium, which showed a great
resemblence to those of (5). Girardie and Granier (24)
expressed no organelles of the cells of corpora allata in A.
aegyptium undergoing any changes with the maturation
of the ovaries in contrast to L. migratoria, (31) which had
pleomorphic mitochondria. Besides these, Lubzens et al.
101
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(32) observed that the vitellogenesis was not prevented
but inactivated the corpora allata after precocene II
treatment of vitellogenic females of L. migratoria. Similar
observations were pointed out in A. aegyptium with yolk
deposited terminal oocytes in the present study.
Consequently, all these ultrastructural changes which
were observed in some gland cells of the corpora allata of
adult female A. aegyptium after treatment with
precocene II on day 10 or 20, may show moderate
sensitivity to this chemical. However, the present study
must be supported by radiochemical techniques with

some other electron microscopical studies in the near
future.
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