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ABSTRACT. The present study was undertaken to describe the histology
and fine structure of the longitudinal flight muscle of female P. bufonius at
different ages. The appearance of female flight muscle remain translucent
in all ages studied of the adult insect. Histological and ultrastructural study
showed that the muscle fibers are reduced to thread-like structures and the
mitochondria are scarce and abnormal in shape. The tracheoles are scarce
or absent from female flight muscle fibers of all ages studied.

Signs of muscle fibers degeneration was noted at the periphery of some
muscle fibers at various ages studied. Disintegration and loss of myofibril
striations are coupled with the proliferation of sarcoplasmic reticulum. It
was concluded that the atrophy of adult female flight muscle is developmen-
tal and due to incomplete development (retardation) and degeneration in
old insects. Possible causes for incomplete muscle development is outlined
in the discussion.

Introduction

A previous comparative study on the fine structure of flight muscle of mature male
and female Poekilocerus bufonius!!) indicate that the flight muscle fibers are reduced
in size to slender thread-like structures. The nuclei are located peripherally and are
surrounded by undifferentiated sarcoplasm, suggesting nuclear pyknosis. In addi-
tion the myofibrils are small, cross-striations are poorly defined and Z-bands are ir-
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regularly arranged or absent in some cases. Furthermore, the mitochondria are
scarce and the sarcoplasmic reticulum is abundant with clear indication of dilation.

The mature adult female of P. bufonius, is incapable of flight or wing fluttering,
whereas the male of this species can fly for a very short distance. Degeneration and
atrophy of muscle have been observed in a variety of experimental and pathological
diseases®¥. This indicates that whatever the causes of muscle degeneration and at-
rophy are, the process is similar. Edwards®! reported that degeneration of the indi-
rect flight muscle in adult female of Dysdercus intermedius coincides with oocyte
growth and is under endocrine control. However, Scudder®l discussed the degener-
ation of flight muscle in detail and threw doubt about the possible physiological link
between flight muscle and egg production. He demonstrated that the smaller flight
muscle in flightless stages of Cenocorixa bifida are a consequence of retarded
growth, not degeneration.

Poekilocerus bufonius in nature probably feeds almost exclusively on asclepiad
plants”l one of which is Calotropis procera, Wthh contalns toxic cardiac glycosides
(CGs). The latter are specific inhibitors to Na KT - transporting ATPase activity
and 1[mn]ute amount of CG is said to cause death to most vertebrates and inverteb-
rates®191,

Poekilocerus bufonius ingest and sequester CGs in to their tissues and bilobed
gland and use them for protection from predators”-'-'2 It is possible that the species
utilizing a toxic chemical may suffer some kinds of physiological cost or place stress
on their bearers!*3!

It is remains to be established whether the atrophy of flight muscle of mature adult
female of P. bufonius coincides with oocyte growth or whether the muscle never de-
velops (developmental. atrophy). The latter may due to a physiological cause af-
fected by the toxic CGs through interaction between CGs and endocrine factors!!4-15],

In order to suggest one or refute the other of the above assumptions, the present
study was carried out to investigate to what extent the flight muscle component var-
ies during developmental stages of P. bufonius. For comparative purposes some re-
sults of studies on flight muscles of male P. bufonius and Locusta migratoria are in-
cluded.

Material and Methods
Sampling of the Insect Population

Poekilocerus bufonius at various stages of development, were collected from Wadi
Asail and Gizan area. Insects (males and females) were kept in large cages and
supplied daily with fresh branches of Calotropis procera.

The method of sampling used in the present study is the same as was already used
by Al-Robail'¥l for Locusta migratoria. Using this method of sampling, it was possi-
ble to obtain the required stages (first day adult after final ecdysis, 3, 10, 20 days, dur-
ing mating and egg deposition stages).
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Flight Muscle Preparation

Adult females and males, P. bufonius, of the required stage were killed as re-
ported previously!!).

Light Microscope Preparation

For the light microscope preparations, the female and male flight muscles were
fixed in Bouin’s solution. Within 20 minutes after fixative application, the tissues
were dissected out and placed in fresh Bouin’s solution. After the normal routine
processes, sections of approximately 5 mm were stained by haematoxylin and eosin.

Transmission Electron Microscope Preparation

For electron microscope study, the muscle fixation, dehydration, embedding and
staining were carried out as was already reported!!].

Results
General Observations

Body measuremerits showed that the mature adult female (gravid) of P. bufonius
is 5.5-6.5 cm long and 3.5-6.5 gm in weight. The wings (fore and hind) are 3.2-3.5cm
and the distance between the tips of the hind wings is 5.8 cm in the average.

Anatomical observations indicate that the fibers of flight muscles of all adult
female stages are very small and reduced to thread-like structures. They are charac-
teristically pale in appearance.

In contrast, the mature adult male is approximately 4 cm long and about one gram
in weight. The lengths of fore and hind wings (the distance between the wing tips) are
6.5 cm (3.1 cm each), and 6 cm (2.8 cm each), respectively. The male flight muscles
are relatively large and are reddish-brown in colour.

Histological Studies of Flight Muscle

Examination of longitudinal sections of the flight muscle of female P. bufonius, at
various stages, shows a reduction in the width of muscle fibers compared to that of
male (see latter) (Figs. 1-5); the flight muscle being very thin and tend to be thread-
like structure. The nuclei are more or less centrally placed and their number per mus-
cle fiber is high at all ages studied (Figs. 2 and 4-7). The transverse sections (Figs. 8-
10) show that the sarcoplasm of some muscle fibers contains an amorphous material
and the nuclei are more centrally placed, and tend to occupy larger volumes of the
sarcoplasm (Figs. 8 and 11). It appears that in later stages (15-20 days after fmal ec-
dysis) the muscle fibers tend to be fragmented (Fig. 10).

The cross-striations of the female flight muscle are poorly defined (Figs. 1,2,6 and
12) and this was a general characteristic of all the stages studied. However, some re-
gions of the flight muscle fibers retain the more or less normal cross-striation and ap-
pearance of muscle fibers (Figs. 3 and 13) especially in those of the last nymphal in-
star (Fig. 1) and the first few days of adult life (Figs. 2 and 3).
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FiG Photomicrograph of longitudinal section (PLS) of flight muscle of the last nymphal instar of
female P. bufonius. Muscle fibers are reduced to thread-like structure and the cross-striations are
absent. N: Nucleus; MF: Muscle fiber. (X 1280).

FiG. 2. PLS of reduced flight muscle of third day old adult female P. bufonius. Note the high number of
nuclei (N) and the absence of the cross-striation. (X 1280).

Developmental stages of female flight muscle fibers of the last nymphal instar and
adult are clearly seen namely: Primary mature muscle fiber, immature muscle fiber
(Flg 8) and satellite cells (Figs. 4 and 8). Multinucleated muscle fibers are observed
in the flight muscle of the last nymphal stage (Fig. 1) and various ages after final ec-
dysis (Figs. 6 and 12).
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FiG. 3. PLS of flight muscle of the fifth day old adult female P. bufonius. The muscle fibers are further
apart and cross-striations (arrow) are evident. N: Nucleus (X 1280).

16. 4. PLS of flight muscle of 20 days old adult female P. bufonius. The number of nuclei are high and
focal degeneration of muscle is shown (arrow head). A satellite cell is seen on the upper part
(arrow). (X 1280). : :

Focal regions of the flight muscle fibers (Figs. 5, 7 and 14) undergo cytolytic alter-
ation as witnessed by disappearance of myofibrils and the aggregation of nuclei,
suggesting very severe degeneration of flight muscle.

Tracheal branches are frequently seen in close proximity to or penetrating among
muscle fibers (Figs. 15 and 16, respectively).



FiG. 5.

FiG. 6.

PLS of flight muscle fibers
of female P. bufonius at
the stage of eggs deposi-
tion. Focal region under-
goes cytolytic alteration
(arrows) and aggregation
of nuclei (N) is de-
monstrated. (X 510).

PLS of female flight mus-
cle fiber of gravid female
P. bufonius. A high number
of nuclei (N) are seen in the
more or less central part of
the fibers (lower fiber).
Note the absence of the
cross-striations. (X 1280).
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In contrast to the above abnormal flight muscle fibers of female P. bufonius,
examination of transverse (Fig. 17) and longitudinal (Fig. 18) sections of male flight
muscle shows normal flight muscle fibers. There is a considerable variation in the
shape and size of each individual fiber profile. The peripheral position of the nuclei
as well as transverse striations are evident.

Ultrastructural Studies of Flight Muscle

The tracheoles are very scarce or absent from female flight muscle fibers of all ages
studied (Fig. 19). However, tracheae are frequently found among muscle fibers of
female (Fig. 19). In contrast, very well developed tracheoles are encountered in the
flight muscle fibers of the male (Figs. 20 and 21).

Mitochondria are very scarce and, occasionally, small or vacuolated mitochondria

are evident (Fig. 19) in female. In some peripheral regions of the muscle fiber, where
degeneration has commenced, flattened mitochondria are seen (Figs. 22 and 23).

-
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Fi6. 7. PLS of flight muscle fibers of female P. bufonius (10 days old). Degenerated muscle fiber is seen
in the middle. N: Nucleus (x 1280).



FiG. 8. Photomicrograph of transverse section (PTS) of
female flight muscle (last nymphal instar). The nuc-
lei (N) are large in size and centrally placed in the
amorphous region of muscle fibers. Primary
(arrow), immature (arrow head) and satellite mus-
cle fiber(s) are shown (x 1280).

FiG. 9. PTS of flight muscle of 10 days old adult female P.
bufonius. Amorphous muscle fibers (arrow) are
shown with large size nuclei (N). (x 1280).
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F16. 10. PTS of flight muscle of 15 days old adult female P.
bufonius. Note the amorphous fibers (arrow
head) with centrally placed nuclei (N). Some mus-
cle fibers are reduced to small ones. (arrow}.
(x 510). :

FiG. 11. PTS of abnormal muscle fibers (compare with
Fig. 17) of 10 days old adult female P.
bufonius. Large volume of muscle sarcoplasm
is occupied by nucleus (N) and sign of degener-
ation'is also shown (arrows). (X 1720).
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Fic 2. PLS of flight muscle of 10 days old adult female P. bufonius. Cross-striations are absent.
(x 1280).

FiG. 13. PLS of flight muscle of three days old adult female P. bufonius. Although the muscle fibers are
further apart (arrow heads), cross-striations are evident (arrows). (x 510).
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16. 14. PLS of flight muscle of 10 days
old adult female P. bufonius.
Focal degeneration is clearly
shown (arrows). N: nucleus
(% 800).

FiG. 15.. PTS of flight muscle of female P. bufonius (5 days old adult). Tracheal branch is seen in close
proximity to muscle fiber. (x 510). :



1G. 16. PLS of flight muscle (6 days old adult) of
female P. bufonius. Tracheal branch is
seen penetrating among muscle fibers (ar-
rows). (X 510).

Fic. 17. PTS of flight muscle of 5 days old adult male P.
bufonius. Muscle fibers of normal appearance with
small nuclei (N) in the peripheral region are evident.
Stripe of myofibrils can be recognized in the muscle
fibers (arrow heads). (x 640).
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FiG. 19. Transmission electron micrograph (TEM) of transverse section through flight muscle of 10 days
old adult female P. bufonius. showing the absence of tracheole. A considerable variation of the
shapes of myofibrils and scarcity of mitochondria. Sign of degerieration is seen in the peripheral
region (arrows) and sarcoplasmic reticulum (SR) is developed. However, prominent dilation is
evident (see inset). T: Trachea (X 9000).

The more or less normal mitochondria of the female flight muscle contain very dense
cristae (Fig. 23). There is no much difference in size, abundance and fine structure of
female flight muscle mitochondria of all ages studied. The mitochondria are abun-
dant in muscle fibers of male and are packed between myofibrils (Fig. 20). The
mitochondrial arrangement is clearly shown in longitudinal scctions where they ap-
pear as columns of different sizes (Figs. 21 and 27). Similar arrangement is also
shown in the flight muscle of male Locusta migratoria (Fig. 24).

The cross-striations of the female flight muscle fibers are poorly defined and the Z-
bands arc irrcgularly arranged (Figs. 25 and 26). Sarcomeres of the peripheral
myofibrils are replaced by patchy electron-dense material, presumably, derived
from disintegrated Z-band and myofibrils. The degenerated myofilaments and indis-
tinct sarcomere bands are also demonstrated (Fig. 26). The flight muscle of all ages
studied of female P. bufonius showed the same patterns of cross-striations. This is in
contrast to the general characteristic pattern of the flight muscle fibers of male P.
bufonius (Fig. 27) and male L. migratoria (Fig. 24). The myofibrils of the later in-
sects are in almost perfect transverse register, as indicated by the relatively straight
rows of Z-bands.
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F1G. 20. TEM of transverse section through flight muscle fiber of mature adult male P. bufonius. Very
well developed tracheole (t) is seen in between myofibrils. Mitochondria (M) are abundant and
packed between myofibrils. (SR: Sarcoplasmic reticulum: D: Dyad). (X 16000).

The myofibrils represent the bulk of the muscle fibers with the nuclei situated in a
peripheral position of female flight muscle of P. bufonius (Fig. 23). There are consid-
crable variation in the shape of the myofibrillar profiles (Figs. 19 and 23). The
peripheral myofibrils tend to be somewhat larger in size than the more centrally
placed ones, which tend to be polygonal (Fig. 28). The arrangement of the myofibrils
and mitochondria of the flight muscle fibers of male P. bufonius is irrcgular and de-
scribed as closed-packed (Fig. 20).

The nuclear chromatin of the female muscle fiber is aggregated or clumped into
numerous masses adjacent to nuclear membrane (Fig. 22). It appears that the nuc-
leus is abnormal in size and shape and contrast sharply with the normal ones of the
flight muscle fibers of male (Fig. 29). Occasionally, an abnormal nucleus of female
flight muscle fibers surrounded with undifferentiated sarcoplasm is in the peripheral
region (Fig. 30).
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FiG. 21. TEM of longitudinal section through flight muscle fiber of male P. bufonius. Tracheole (t) is
seen and columns of mitochondria (M) between myofibrils are shown. Normal appearance of
sarcomeres bonds are evident. Note also the normal distribution of sarcoplasmic reticulum (SR}
and its association with T-system to form dyads (D). (Z:Z-band). (x 12500).

Well developed sarcoplasmic reticulum and dyads are present in the flight muscle
fibers of female (Fig. 19) and male (Figs. 20 and 21) P. bufonius. However, promi-
nent dilation is a general characteristic of female muscle fibers (Fig. 28).

The peripheral myofibrils sometime, especially in gravid stages of female flight
muscle fibers, appears abruptly interrupted by muscle degeneration (Figs. 19 and
31). The inner myofibrils of the same muscle fibers, on the other hand, reflect ordi-
nary structures, although the inter myofibrillar sarcoplasmic reticulum spaces are
slightly enlarged (Fig. 31).

Discussion

The morphometric pattern and anatomical observation for male and female of all
collections are similar for all populations collected from various sites. Field observa-
tions showed that the population of P. bufonius generally move, let alone travel, lit-
tle during the course of their lives. Eggs are laid in the ground, usually below, or in
close proximity to their host plant, Calotropis procera, so that there is normally very
little displacement between the food/shelter and oviposition habitat. There is thus a
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FIG. 22. TEM of transverse section through flight muscle fiber of 20 days old adult female P. bufonius.
Commenced muscle degeneration (arrows) is shown in the peripheral region of muscle fiber (see
inset). Note also the presence of flattened mitochondria (WM). Abnormal nucleus with undif-
ferentiated sarcoplasm is shown (N). SR: Sarcoplasmic reticulum. (x 10000).

tendency for any Poekilocerus individual to pass its entire live within the confines of
a single habitat. The tendency to shorter-winged condition in female, would seem to
rule out any major displacement of the populations as a whole, though evidently the
males are capable of flying, which probably facilitating encounters between sexes.

The appearance of female flight muscle remain translucent in all ages studied of
adult insect. This is supported by the histological and ultrastructural studies in which
the muscle fibers are reduced to thread-like structure and the mitochondria are
scarce. The above mentioned finding is in sharp contrast to the situation reported for
male L. migratoria®; during the first week of mature adult life, muscle colour
changed from white-translucent to reddish-brown.

The results presented in this study indicate that the severe atrophy of adult female
flight muscle is due largely to retrenchment rather than degeneration, which com-
menced in advanced age. Similar observations have been reported for the flightless
grasshopper Romalea micropteral'l, Leptinotarsa decemlineatal'’) and Coenocorixa
bifida®. Scudder!®! discussed the degeneration and atrophy of insect flight muscles in
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FI1G. 23. TEM of transverse section of flight muscle fiber of 20 days old adult female P. bufonius showing
the peripheral degeneration. M: Mitochondria. (X 16000).

detail and threw doubts of any possible physiological link between flight muscle de-
generation and egg production, which was suggested by Edwards! for Dysdecus in-
termedius.

The flight muscle of female P. bufonius is incompletely developed at emergence
and does not grow after the final ecdysis as indicated by the histological and fine
structure of the present study. The appearance and components of the flight muscle
are more or less similar at all ages studied. Signs of degeneration or autolysis!'’! ap-
pear at the periphery of the muscle fibers where disintegration and loss of myofibrils
is coupled with proliferation of sarcoplasmic reticulum. It is tempting to suggest that
the atrophy of adult female flight muscle is developmental, namely due to incom-
plete development. A similar suggestion has been made for Leptinotarsa decem-
lineata"’!. Normally, the degeneration of the flight muscles of insects leads to at-
rophy and occurs after sexual maturity in many species!™ or sctting on their host-
plant after migratory flight!'*-?!l.

Locomotion and flight are processes animals develop for the purpose of mating,

seeking food, escaping from predators and hostile environment conditions!™!. The
male and female P. bufonius, in nature feed almost exclusively on asclepiad plants,
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FiG. 24. TEM of transverse section through flight muscle fiber of adult male Locusta migratoria (A).
Muscle fiber components are similar to that of Fig. 21. Normal arrangement, which is charac-
teristic to synchronous insect flight muscle. Note also the arrangements in longitudinal section
(24 B). (M: Mitochondria, N: Nucleus; t: Tracheole). (X 6000).

one of which is Calotropis proceral’-'2!, which contains toxic CGs. These toxic com-
pounds are ingested and sequestered into bilobed gland and utilized for defense
against predators!’>?*], It is well established that a minute amount of CGs, which are
known as specific inhibitors of Na'/K" transporting ATPase activity, is toxic to most
vertebrates and invertebrates!'®?*l. The dose causing 50% mortality (LD,) in ver-
tebrates is in the range of 0.1-1.5 mg/kg body weight!'®l. However, the LDy, which
has been determined for P. bufonius by ouabain injection was 2 g/kg body weight
(quoted from Euw et al. 1, Pharmacologically active sugar derivatives of sterols,
which are known collectively as CGs, are found in the hacmolymphs of P. bufonius.
Their most important action is to improve the contractility of the failing heart and to
produce partial heart block in arterial fibrillation!* -4,

It has been reported that the chemical deterrents in insects are definitely toxic and
may place stress upon their bearers!*?l. There is some evidence that the P. bufonius
(male and female) suffers some kind of physiological cost as a result of feeding on C.
procera and sequestering CGs. For cxample, AIl-Fifi™ observed that the nymphal
development period of P. bufonius is very long (about four months) compared with
that of Schistocera gregaria (about one and half month). In addition, the female has
lost the ability to fly whercas the male retains the ability to fly for short distance.
Furthermore, it is possible that the autotoxicity may also present a serious and unap-
preciated cost for those species utilizing a toxic deterrent. It is worth recalling that
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FIG. 25 & 26. TEM of longitudinal section through flight muscle fiber of female P. bufonius during mat-
ing (25) and eggs deposition (26). Poorly defined cross-striation and irregular Z-bands is
shown (arrows). (SR: Sarcoplasmic reticulum). (25. x 6000, 26. x 17500).

Fic. 27. TEM of longitudinal section through flight muscle fiber of mature adult male P. bufonius. Nor-
mal muscle fiber (compare with that of Figures 25 and 26). (SR: Sarcoplasmic reticulum; Z:Z-
band; D:Dyad; M: Mitochondria). (X 12500).
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Fic. 28. TEM of transverse section through flight muscle fiber of mature adult female P. bufonius (15
days old adult) showing the arrangement of myofibrils. (SR: Sarcoplasmic reticulum).
(x 16000).

the P. bufonius has developed some tolerance to toxic cardiac glycosides as indicated
by the presence of ouabain-resistant Na /K+-transport1ng ATPase (PI,, = 3.7) in the
membrane microsomal preparation from Malpighian tubules and hind-gut?],

Atrophy of muscle has been observed in a variety of pathological and experimental
studies (see introduction). Duncan and Jackson!*’! have studied the skeletal muscle
damage induced by either calcium ionophore (A23187) or 2, 4-dinitrophenol in incu-
bated mouse soleus muscle. They concluded that there are at least two separate path-
ways in cell damage: (1) phospholipase A activation and lipoxygenase activity cul-
minating in sarcolemma damage and (2) a system that produced characteristic de-
struction of the myofilament apparatus.

There are two possible explanations for the factor or factors, which may cause the
flight muscle atrophy. One is that the CGs ingested with the food, may impose an alt-
eration of ionic transport through sarcolemma of flight muscle and may render the
flight muscle irresponsive to nervous stimulation. It has long been recognized that
denervation of muscle leads to atrophy and eventually the degeneration of the mus-
cle fibers. Goldspink!?®! reported that it was not clear whether the atrophy and degen-
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FiG. 29, TEM ol transverse section of flight muscle liber of adultmale 2. bufonius. Note the arrangement
of myofibrils and the normal appearance of the nucleus (N). (X< 10000).

cration was duc to changes in activity of the muscle or whether the nerve produces
substances or in some other way imports stability to muscle fibers. Finlaysont™! indi-
cated that the nervous system do exert some kind of trophic influcnce on muscula-
turc, both during development, and in maintaining thosc alrcady differentiated. It
has been reported that the innervation is required for normal muscle growth in the
cockroach!™. However, the feeding behaviour of male P. bufonius, which retain
ability for short distance flight, is similar to that of female. This may refute the above
possible explanation, unless other study prove that the male of P. bufonius consume
little amount of C. procera than that of female. The other possible explanation is that
the feeding and ingestion of C. procera, which contains CGs may act on the endoc-
rine system so as to alter the juvenile hormone (JH) titre and thereby determine the
flight muscle development. JH titre recach a minimum during the last instar in
hemimetabolous insccts!™|. Pocls and Beenakkers!™! have shown that flight muscle
growth is greatly inhibited if corpora allata (CA) that arc producing juvcenile hor-
monc are transplanted from adult into last instar nymphs of L. migratoria. This result
suggests that flight muscle growth may be controlled by changing JH titre during the
last instar. Implantation of either adult CA or four pairs of larval CA gives risc to an
extra larval stage and conscquently an extra (sixth) cedysis!™l. During this extra lar-
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FiG. 30. TEM of longitudinal section of ﬂight muscle of gravid female P. bufonius showing abnormal nuc-
leus surrounded with undifferentiated sarcoplasm (arrows). (X 40000).

val period, flight muscle development appeared to be retarded in comparison with
control inscct, as reflected by lower specific activities of enzymes indicative of
acrobic metabolic pathways. Ready and Josephson!™! reported that the control
mechanism for flight muscle growth may be complex, and it is possible that the effect
of JH is not dircctly on muscle but rather is mediated through the nervous system.

The atrophy and degeneration of flight muscle of female P. bufonius are difficult to
assign to one of the above mention explanations. Further studies are nceded about
the physiological effect of the interaction between cardiac glycosides and endocrine
system, which may affect flight muscle development.

It appears that the development of flight muscle fibers are retarded after final ec-
dysis and does not attain the well developed flight muscle fibersof male P. bufonius.
It may be safe cnough, however, to suggest that atrophy of flight muscles of female
P. bufonius is developmental rather than pathological, and may due to a complex
physiological interaction between the endocrine and nervous systems, and the influ-
ence of the feeding habit of this insect.
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FiG. 31. TEM of transverse section through flight muscle fiber of gravid female P. bufonius showing the
start of degeneration at the peripheral region. (X 15500). :
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