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The influence of juvenile hormone analogue,
fenoxycarb on the midgut remodeling in Bombyx
mori (L., 1758) (Lepidoptera: Bombycidae)
during larval-pupal metamorphosis’
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Summary

During larval-pupal metamorphosis, midgut tissues of holometabolous insects
undergo remodeling and this remodeling process involves two metamorphic events.
Degeneration of larval midgut occurs via programmed cell death and pupal midgut
develops from regenerative (stem) cells. All metamorphic events in insects are regulated
by ecdysone and juvenile hormone. Molecular mechanisms of ecdysone are well known
but action mechanism of juvenile hormone is not well understood. Fenoxycarb, 0-ethyl N-
(2-(4-pheoxyphenoxy)-ethyl) carbamate has been previously shown one of the most
potent juvenile hormone analogue against a variety of insect species and widely used for
investigations the mechanisms of juvenile hormone. In this study, we aimed to analyze
the metamorphic events in the midgut of Bombyx mori Linnaeus, 1758 and investigate
the effects of fenoxycarb on this period. For this purpose, we applied two different doses
of fenoxycarb (1ng/10ul and 10ng/10ul) topically on day O of fifth instar larvae. We
followed the progression of remodeling processes with morphological observations and
analyzed programmed cell death specific proteins, caspase 3 for apoptosis and acid
phosphatase for autophagic cell death in control and experiment groups. Our results
indicated that, programmed cell death of larval midgut has morphologic characteristics of
apoptosis and caspase activation occurs during this period and juvenile hormone
analogue fenoxycarb inhibits or delays remodeling process in dose dependent manner.
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Introduction

Metamorphosis of insects requires some remodeling processes in
digestive system. There are mainly two different events are involved during
metamorphosis. Firstly, unnecessary larval tissues degenerate via programmed
cell death process (PCD) (Lockshin & Beaulaton, 1974) then some of the
tissues which are needed for adult life develop from imaginal cells. Midgut of
holometabolous insects shows both of these events which are controlled mainly
by two hormones: steroid hormone ecdysone and sesquiterpenoid juvenile
hormone (JH) (Wigglesworth, 1972; Riddiford, 1975).

According to embryonic origins, insect digestive system consists of three
different regions: foregut, midgut and hindgut. The midgut is composed of a
single layered epithelium contains columnar cells, goblet cells, regenerative
(stem) cells and endocrine cells. The epithelium is also covered by inner circular
and outer longitudinal muscles. In the prepupal stage, regenerative cells
proliferate and differentiate into pupal epithelium but the remaining larval cells
degenerate via programmed cell death and fall into the lumen. The pupal
midgut consists of thin and tall epithelial cells which are formed from the
regenerative cells just before larval-pupal molt (Lehane & Billingsley, 1996).

Programmed cell death (PCD) is an active process and under tightly
genetic control (Lockshin & Zakeri, 2004). Two main mechanisms of
programmed cell death- autophagic cell death and apoptosis- have been well
characterized (Saraste & Pulkki, 2000; Tsujimoto & Shimizu, 2005). The major
features of the apoptotic cell death are membrane blebbing, proteolytic
enzymes called “caspases” activation, DNA fragmentation and apoptotic body
formation which is phagocytosed by the surrounding cells (Saraste & Pulkki,
2000).

Autophagy is a well known process for degrading long lived protein and it
also plays a role as an adaptation of starvation and a lifesaver mechanism for
both cells and organisms (Bowen et al., 1976). During autophagy, double or
multimembrane bound structures are called as autophagosomes or autophagic
vacuole. They are formed de novo to sequester cytoplasmic contents including
mitochondria, endoplasmic reticulum and ribosomes (Tsujimoto & Shimizu,
2005). Autophagy is also involved in programmed cell death mechanism and
called as autophagic programmed cell death. Especially the insect
metamorphosis, whole tissues or organs have to degenerate for successful
body construction in pupae or adult but there are not enough phagocytic cells
for apoptotic cell death hence autophagy acts as programmed cell death
process for complete degeneration of larval tissues (Goncu & Parlak, 2008).
This cell death is characterized by the accumulation of autophagic vacuoles
within the cells. One of the biochemical signs of autophagic cell death is
appearance of lysosomes and the increase in lysosomal enzyme activities
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(Sass et al., 1989; Zakeri et al., 1996). Acid phosphates is known as a
lysosomal marker enzyme (Csikos & Sass, 1997). During degeneration of the
larval organs such as silk glands (Goncu & Parlak, 2008) and flight muscles
(Sahota, 1975), acid phosphatase activity was found abundantly and
autophagic vacuoles were clearly demonstrated in dying anterior silk gland cells
(Goncu & Parlak, 2008). In this study, we demonstrated the activation of
lysosomal enzymes in Bombyx midgut as an indicator of autophagic cell death.

Caspases are cysteine proteases which are normally present in the cells
as inactive forms. Following apoptotic signal, they cleave and activation occurs.
Caspase activation during programmed cell death in larval salivary glands and
midgut of Drosophila melanogaster has been demonstrated by Jiang et al.,
(1997) and Lee et al. (2002). Tettamanti et al. (2007) reported that caspase 3
activation was found in Heliothis virescens midgut during remodeling process.
The role of caspase 3 in larval midgut degeneration of Bombyx mori and effects
of fenoxycarb have not been studied so far. Therefore we aimed to analyze
degeneration period of larval midgut in Bombyx mori and effects of juvenile
hormone analogue, fenoxycarb. It has been reported that another juvenile
analogoue methoprene treatment in Aedes aegypti delayed caspase expression
during PCD of larval midgut (Wu et al., 2006).

Fenoxycarb is an insect growth regulator which possesses juvenile
hormone activity. It is used to control a wide variety of insect pests like fire ants,
fleas, mosquitoes, moths, scale insects and insect attacking vines, olives,
cotton & fruit (Extension Toxicology Network, 1993; Miyamoto et al., 1993;
Anonymous, 1991). Juvenile hormone analogues show similar effects as
juvenile hormone but they are much more stable compounds (Matolcsy et
al.,1988). Fenoxycarb was the first juvenile hormone analogue used to control
agricultural pests (Miyamoto et al., 1993). It kills eggs and larvae of various
insect species (Masner et al., 1987) Silkworm is extremely sensitive to this
compound especially first three days of last larval instar which causes spinning
inhibition and developmental arrest. The effect of fenoxycarb on progression of
last larval instar in Bombyx mori has been studied in detail (Kamimura, 1995;
Leonardi et al., 1996; Kamimura & Kiuchi, 1998; Dedos & Fugo, 1999;
Monconduit & Mauchamp, 1999). Application of fenoxycarb in the last larval
instar can induce a prolongation of the larval stage and inhibits larval-pupal
differentiation dose and application time dependent manner (Kamimura &
Kiuchi, 1998).

In this study, the morphological changes in the Bombyx mori midgut
during larval pupal metamorphosis and differences between control and
experiment groups were studied by using histological techniques. The
expression patterns of cleaved caspase 3 and acid phosphatase activity were
demonstrated for characterization of PCD in the larval midgut tissues and
effects of JH analogue fenoxycarb were discussed.
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Material and Methods
Animals

Hybrid races of the silkworm, Bombyx mori, were reared on fresh
mulberry leaves at 25+1 °C. Immediately after the fourth larval ecdysis, the
silkworms were topically treated with two different doses of fenoxycarb
(1ng/10ul; 10ng/10ul) dissolved in acetone. Controls received only 10pl
acetone. The final (fifth) larval instar lasts 10 days: 7 days for feeding, followed
by 3 days of spinning to build the cocoon in control groups. Experiments were
performed from day 6 larvae of fifth instar to 24 hr after pupation in groups
which undergo larval-pupal metamorphosis; other groups were carried out until
14th day of fifth instar.

Light microscopy of Bombyx mori midgut

Control and experiment group’s larvae were immobilized on ice.
Dissected midguts were washed in Ringer solution then transferred to Bouin’s
fixative. Fixation was carried out for 6 hr at 4 °C. Dehydrated midguts by using
ascending alcohol series were embedded paraffin. Paraffin sections (5um) were
cut and dewaxed using xylol for 15 min, rehydrated in graded series of alcohol
(70 %, 96 % and 100 %). Hematoxylin&Eosin (Hem&E) staining was performed
for morphologic evaluation of midguts. Histologic analysis was carried out in an
Olympus BX51 microscope and photographed.

Determination of acid phosphatase activity

Lysosomal activation is important for autophagic cell death. Acid
phosphatase has been used as the marker enzyme for lysosomes. Here we
demonstrated the acid phosphatase activities in the midguts at the same time of
each day of prepupal period and of the first two days of pupal stage. The
measurements were repeated on three different series of animals. Acid
phosphatase was measured using paranitrophenol phosphate (Sigma) as a
substrate according to Bergmeyer et al. (1974). Midguts were homogenized in
0,5 % NaCl as a source of enzyme. They were incubated for 30 min at room
temperature then 5ml of 0,1N NaOH was added to stop the reaction. The optical
density of the liberated paranitrophenol read at 405nm using spectrophometre.
Total protein amount in the samples were carried out by using Bradford Assay
(Bradford, 1976). We expressed our data as phosphatase units (u) per mg
protein. Student t test (p<0,05) was used for evaluation of statistical significance
according to Halaby et al. (1998)

Western blotting

Midguts were homogenized in 20 mM Tris-HCI (pH, 7,5) containing
protease inhibitor coctail (Roche) and 0,5 % Nonidet P-40. The homogenate
was centrifuged at 16000g for 10 min at 4°C. Total protein concentration was
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determined with the bicinchoninic acid (BCA) protein assay kit (Pierce). Thirty
micrograms of total proteins were separated by 10 % sodium dodecyl sulfate
(SDS)-polyacrylamide gel electrophoresis in a gel running buffer (25 mM Tris,
192 mM Glycine, 0,1 % SDS, pH; 8,3) using Bio-Rad vertical electrophoresis.
Proteins were electrotransferred onto a nitrocellulose membrane using Bio-Rad
Transblot cell. Membranes were placed in blocking solution (50 mM Tris-HCI,
pH7.5, 150 mM NaCl, 1 mM EDTA, and 0,1 % Tween 20 (TBST) containing 5 %
dried non-fat milk for 1 hour at room temperature. They were then incubated
with cleaved caspase 3 antibody (Cell Signaling Technology, Asp175) in TBST
containing 5 % dried non-fat milk (1:1000) during overnight at 4 °C followed by 1
hour incubation with horseradish peroxidase conjugated secondary antibody
(Cell Signaling Technology, 7074). Detection was performed by
chemiluminescence (Pierce, ECL western blotting substrate, 32106) according
to manufacturer’s instructions. Blots is scanned (Hp Psc 1315) and relative
abundance of protein was calculated Imaged software from the National
Institutes of Health, USA (http://rsb.info.nih.gov/nih-image/).

Results and Discussion

During larval-pupal metamorphosis of Bombyx mori, morphological and
biochemical changes occur depending on the fate of the cell or tissue.
Remodeling tissues like midgut show both programmed cell death and cell
differentiation at the same time (Parthasarathy & Palli, 2007). Fenoxycarb is an
insect growth regulator that possesses JH activity and it is important for
understanding to molecular mechanisms of juvenile hormone during insect life
like other juvenile hormone analogues. Applications of fenoxycarb during larval
life of Bombyx mori cause disruption of endocrine balance & abnormal
development depending on the application time and dose (Kamimura & Kiuchi,
1998; Dedos et al., 2002).

There are a few reports about midgut remodeling processes during larval-
pupal metamorphosis in Bombyx mori and there is no information available
regarding the effects of fenoxycarb. Therefore we wanted to provide new
perspectives to the remodeling processes of midgut and to analyze the effects
of juvenile hormone analogue fenoxycarb during this period.

The effects of juvenile hormone analogue fenoxycarb on larval-
pupal development and morphology of midgut

Fenoxycarb was topically applied once on day 0 larvae of the fifth instar
as two different doses (1-10 ng). The application doses were chosen according
to previous studies (Kamimura, 1995; Kamimura & Kiuchi, 1998). Controls were
treated with acetone only. In control group larvae ceased feeding end of the day
7 and gut purge occurred on this day. Larvae started to spinning behavior on
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day 8 and 97 % of larvae showed larval-pupal ecdysis on day 11. In 1ng
fenoxycarb treated group, the length of the last larval stage was prolonged
about 4 days; spinning was seen on day 12 and 92 % of larvae showed
spinning behavior. 10 ng of fenoxycarb application on day 0 caused inhibition of
larval-pupal differentiation including spinning (only 2 % larvae showed
spinning), gut purge and remodeling of midgut. This permanent larva called as
dauer larvae.

Morphological characterizations of the midgut in control and experiment
groups were performed by using histological techniques. Dominant cells in the
larval midgut called columnar cells which act as absorption of digested products
and secretion of digestive enzymes. They have microvilli on the apical region.
The other midgut cell type, goblet cells, have large cavity and important for ionic
homeostasis of midgut. Small regenerative cells are located randomly near the
larval mature midgut cells. They are important for epithelium renewal of larval
midgut and also pupal midgut construction (Lehane & Billingsley, 1996). Larval
midgut degeneration started on day 8 of fifth instar and lasted until early pupal
stage in control. Intact midgut morphology was maintained until day 8 of the 5"
instar. Columnar, goblet and regenerative cells were clearly distinguishable and
tightly packed (Figs 1a). Columnar cells have round nucleus located in the
apical region of the cell and brush border (Fig 1a). Goblet cells were found
abundantly. They exhibits typical cavity which continues the midgut lumen.
A few small regenerative cells were observed basal region of the mature cells.
Degenerations in the apical region of columnar cells and nuclear condensation
were observed after cessation of feeding (day 8) (Fig 1b). Apoptotic morphology
became more obvious on day 9 (Figs 1c) and midgut cells seemed small and
condensed probably due to shrinkage. In addition, columnar cell’s nucleus
stained intensively which demonstrated the condensation of nucleus.
Intercellular area between the cells indicated cell detachment from each other
and basal lamina. Vacuole structures were also seen on this day (Fig 1c).
Proliferated regenerative cells located the basal region of epithelium (Fig 1d).
Some strange and round shape cells like granulocytes were determined under
the midgut basement membrane (Figs 1d). Degenerated larval cells discharged
into the midgut lumen on day 10 which is called as yellow body and vacuole
structures within the cells were observed (Figs 1e, 1f). Proliferation of larval
regenerative cells was more obvious than before and formed as multilayered
epithelium (Fig 1g). After larval-pupal ecdysis, regenerative larval cells
differentiated into pupal epithelium which has tall and columnar shape (Fig 1h).
Brush border also appeared in pupal epithelium. Formation of pupal midgut
completed in 24 hr pupae (Fig 1i).

Two major events were observed during midgut remodeling. First,
degeneration of larval midgut through PCD begun on day 8 and lasted until
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early pupal stage; second, proliferation and differentiation of larval regenerative
cells into pupal epithelium started just before pupation and proceeded early
pupal period. One of the programmed cell death type, apoptosis, is
characterized by nuclear condensation, cell shrinkage, membrane blebbing,
DNA fragmentation, caspase activation and apoptotic body formation which is
phagocytosed by the surrounding cells. (Saraste & Pulkki, 2000; Lockshin &
Zakeri, 2004).

Figure 1. Larval midgut in control group during larval-pupal metamorphosis of Bombyx mori.
L., 1758. Goblet cells (GC), columnar cells (CC) and their brush border were clearly seen
on day 6. Regenerative cells (RC) were located in basal layer of the epithelium. Larvae
were still feeding on this day (a). Degeneration in columnar and goblet cells were firstly
detected on day 8(b). Larval epithelium looked unordered on day 9. Midgut cells became
smaller, goblet cells were indistinguishable and columnar cell's nucleus stained
intensively. Apoptotic morphology clearly observed. Asterisks indicate nuclear
condensation. (c). Small groups of regenerative cells were seen. Arrows indicates that
some round shape cells probably granulocytes were determined under the midgut
basement membrane and stars show vacuoles (d) Just before pupation — day 10, larval
epithelium completely detached from basal lamina (e) and called as yellow body (YB) and
moved into the midgut lumen. Vacuole structures (asterisk) were observed within the cell
(f). At the same time, regenerative cells (RC) proliferated for forming pupal epithelium (g).
The new pupal epithelium consists of tall, columnar shape cells (h). Well developed
basement membrane and brush border were observed on 24hr pupae (i) Lumen (L).
(Original).
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Some of the morphological changes of apoptosis were detected in larval
midgut of B. mori (Fig 1). Loss of microvilli structure in columnar cells, nuclear
condensation, cell shrinkage and detachment from basal membrane were
obvious apoptotic changes especially after cessation of feeding. Similar results
were reported in Galleria mellonella (Uwo et al., 2002), Manduca sexta (Hakim
et al.,, 2001), Drosophila melanogaster (Micchelli & Perrimon, 2006) and
Heliothis virescens (Parthasarathy & Palli, 2007; Tettamanti et al., 2007).

Figure 2. 1ng of fenoxycarb application on day 0 larvae was delayed midgut remodeling. Intact
larval epithelium (LE) was maintained until day 12. Columnar cells (CC), goblet cells (GC)
and regenerative cells (RC) were observed (a-f). Apoptotic morphology and vacuoles
were seen on day 12 and day 13 (g-h) asterisks show nuclear condensation on day 12.
Arrows indicates vacuole structure on day 13. Larval epithelium (LE) separated from
basement membrane and proliferated regenerative cells (RC) was seen on day 14 (l).
Lumen (L) (Original).
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Figure 3. 10 ng of fenoxycarb application on day 0 larvae was inhibited midgut remodeling. Healthy
larval epithelium was observed during experiment period. Secretion vesicles (arrows)
which contain digestive enzymes were found until day 14 (a-1). Lumen (L) (Original).

We observed cell groups under the basement membrane on day 9 of 5th
instar. They were small and round shape cells (Fig 1d). Their morphologic
features resembled one of the hemocyte type, granulocytes. It has been
reported that granulocytes and plasmatocytes are dominant hemocyte type
during larval period and they are the only phagocytic cells in Bombyx mori.
Granulocytes also involved in the secretion of basal membrane components of
Lepidoptera (Nardi et al., 2001). Shinohara et al. (2008) reported that
granulocytes were seen in midgut lumen of B. mori after occurrence of apoptotic
bodies. According to previous studies (Adachi et al., 2005; Shinohara et al.,
2008) and our results, we propose that round shape cells might be granulocytes
and they may involve both phagocytosis of apoptotic bodies and rearrangement
of pupal basal membrane.

In 1 ng fenoxycarb treated group, healthy larval midgut maintained until
day 12. Columnar and goblet cells were clearly distinguishable during these
days (Fig 2a-f). Nuclear condensation in columnar cells, degeneration in goblet
cells and many in number regenerative cells were seen on day 12 and 13 (Figs
2g, h). Apoptotic body formation began on day 14. Dying larval midgut cells lost
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its intercellular junctions and detached from its cellular environment and
basement membrane, then they collected in midgut lumen (Fig 2i). In 10ng
fenoxycarb treated group, intact larval midgut was observed until end of the
experiments on day 14 of fifth instar (Fig 3). We did not find any signs of
programmed cell death in this group midgut. Secretion vesicles which contains
digestive enzyme were found even on day 14 (Fig 3i, arrow) which indicated the
feeding activity during experiments. Parthasaraty & Palli (2007) reported that
another juvenile hormone analogue methoprene application to Heliothis
virescens caused delaying or inhibition of midgut remodeling in dose dependent
manner.

Acid phosphatase activity

Lysosomal enzymes are marked for autophagic cell death process during
degeneration of intersegmental muscles (Lockshin & Williams, 1965a, b),
salivary glands (Aidells et al., 1971) and silk glands (Goncu & Parlak, 2008).
Zakeri et al. (1996) have estimated lysosomal activity by measuring acid
phosphatase (AP). We determined the AP activity during metamorphosis as an
indicator of autophagic cell death. AP activity was found low on day 6 but after
cessation of feeding, total activity increased slightly in control. Rising activity
became more obvious just before pupation (Fig 4A). In contrast to control
group, 1 ng of fenoxycarb treated group showed rising AP activity after at the
end of the feeding period and only one peak on day 14 of fifth instar. Low AP
activity maintained during experiment period in 10 ng fenoxycarb treated
group’s midgut (Fig 4B). Constant acid phosphatase activity was determined in
all groups but we did not determine significant differences between control and
experiment groups (p<0,05). According to Cavalcante & Cruz-Landim (2004),
these results may arise from enzyme content in the digestive juice during larval
period but when considered the experiment days, feeding activity was
completely finished and gut contents removed after day 6 in control group; and
after day 11 in 1 ng fenoxycarb treated group. Therefore high AP activity after
this day of control group cannot be explained with this early report. Increasing in
AP activity after cessation of feeding likely result of autophagic activity in control
group midgut. Similar results obtained from 1 ng fenoxycarb treated group.
Both of these results suggest that autophagic activity begun at the end of
feeding. In 10 ng fenoxycarb treated group, feeding activity lasted until end of
the experiments. Therefore relatively high AP activity in 10 ng fenoxycarb
treated groups may be the reflection of AP content of digestive juice.
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Figure 4. The pattern of acid phosphatase activity in the midgut homogenates during larval-pupal
development. Control (A), Numbers show days of 5th instar, p0, at pupation; p12, 12 hrs
after pupation; p24, 24 hrs after pupation. Fenoxycarb treated groups (B). The vertical
bars repress ent the mean +SE (N=10).

Cleaved caspase 3 determination by using western blotting

Caspases are important regulators of apoptosis and they are responsible
for proteolytic cleavage of important cell proteins. They are normally present
within the cells as an inactive form. Following apoptotic signal, caspase 3
cleaves into p12 and p17 fragments and activation occurs. Previous studies in
the Lepidopteran Heliothis virescens (Parthasaraty & Palli, 2007) & Spodoptera
littoralis (Vilaplana et al., 2007) reported to reveal mammalian caspase 3
homologues in insects. In addition, Ahmad et al. (1997) demonstrated that
Lepidopteran caspase 1 shows high homology to mammalian caspase 3. We
reported the caspase 3 activation during midgut remodeling in Bombyx for the
first time by using western blotting. Fig 5A demonstrates the results of western
blot analysis of cleaved caspase 3 (17 kDa). We detected cleaved caspase 3 on
day 8, day 9 and day 10 of control. Relative abundance of the protein was
determined as 8.94 %, 8.84 % and 82.22 %, respectively. Maximum density
was seen on day 10 just before pupation (Fig 5B) and similar result was
reported in Galleria mellonella (Uwo et al., 2002), and Heliothis virescens
(Parthasarathy & Palli, 2007). In the 1 ng fenoxycarb treated group, cleaved
caspase 3 was detected after day 12. Relative abundance was determined
21.8 % on day 12; 43.5 % on day 13 and 34.7 % on day 14 (Fig 5B). We didn’t
find caspase activation in 10 ng of fenoxycarb treated group (Fig 5A).

Our morphologic observations and estimated caspase activity indicated
that larval midgut degeneration starts as apoptotic cell death, but after pupal
ecdysis it is proceeded predominantly by autophagic cell death. Degenerated
larval midgut cells which pushed later to the lumen have vacuoles (Figs 1c, 1h)
which are probably autophagic. Besides these results, pupal midgut epithelium
cells have absorptive cell features like having brush border although no feeding
activity. We suggest that nutrients from larval midgut which is provided by
autophagic cell death are resorbed by pupal midgut epithelium.
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Figure 5. Detection of cleaved caspase 3 protein by Western blotting during larval-pupal
development of Bombyx mori midgut (A). Numbers show days of 5th instar, p0O, at
pupation; p12, 12 hrs after pupation; p24, 24 hrs after pupation, the molecular weight of
cleaved caspase was found 17 kDa by Western blot, and arrows indicate cleaved
caspase 3. The average intensities of each band and relative abundance of cleaved
caspase 3 were estimated (B) (n=10).

It is well known that developmental events in holometabolous insects are
strictly controlled by endocrine systems. Steroid hormone ecdysone triggers
metamorphic events and juvenile hormone acts as a modulator of ecdysone
secretion but there is also some evidence that JH can regulate cellular
response to ecdysone (Hiruma et al., 1999). According to ecdysone release
timing during last larval instar of B. mori, two ecdysone peaks occur: on day 6
and just before larval-pupal ecdysis. We suggested that the beginning of larval
midgut degeneration occurs in response to rising ecdysone level after day 6 of
fifth instar and differentiation of regenerative larval cells occurs in response to
second ecdysone peak. Previous studies reported that small ecdysone rising in
the absence of JH on day 3 of fifth instar is needed for pupal commitment of
tissues like midgut (Sakurai et al., 1998; Riddiford et al., 1999; Takaki &
Sakurai, 2003). Therefore we believed that fenoxycarb application on the
beginning of fifth instar prevented or delayed rising of ecdysone. Kamimura &
Kiuchi (1998) reported that 1ng of fenoxycarb application delays ecdysone
rising in the hemolymph. Hence, the results of experiments may arise from
inhibition effect of fenoxycarb on prothoracic gland.

Ozet

Bombyx mori’ L., 1758 (Lepidoptera: Bombycidae) de larval-pupal
metamorfoz siiresince orta barsaktaki yeniden sekillenme siirecine juvenil
hormon analogu fenoxycarb’in etkisi

Larval-pupal metamorfoz boyunca, tam baskalasim gegiren bdceklerin orta
barsaklari yeniden sekillenme surecine girer ve bu siire¢ 2 metamorfik olayi igerir. Larval
orta barsagin dejenerasyonu programlanmis hiicre 6limu ile meydana gelirken pupal
orta barsak rejeneratif (kok) hicrelerden olusur. Béceklerdeki tim metamorfik olaylar
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ekdizon ve juvenil hormon tarafindan kontrol edilir. Ekdizonun molekiler mekanizmasi
gayet iyi bilinmekle birlikte juvenil hormonun molekiiler mekanizmasi heniiz tam olarak
anlagilamamistir. Fenoksikarb, O-ethyl N-(2-(4-pheoxyphenoxy)-ethyl) karbamat’in pek
¢ok bdcek turtnde etkili juvenil hormon analoglarindan birisi oldugu ortaya konulmustur
ve juvenil hormonun mekanizmasina iliskin ¢alismalarda siklikla kullaniimaktadir. Bu
¢alismada, Bombyx mori Linnaeus, 1758’nin orta barsadindaki metamorfik olaylarin
analiz edilmesi ve bu suregte fenoksikarb’in etkisinin arastirilmasi amaglanmigtir. Bu
amagla, besinci larval déneminin 0. giiniinde iki farkli dozda fenoksikarb (1ng/10pul and
10ng/10ul) topikal olarak uygulanmistir. Yeniden sekillenme slrecinin ilerleyisini
morfolojik gdzlemler ve programlanmis hicre 6limine spesifik proteinlerin - apoptosis
icin kaspaz 3 ve otofajik hicre 6limu icgin asit fosfataz- kontrol ve deney gruplarinda
analizi ile takip edilmistir. Sonuglar larval orta barsakta programlanmis hiicre 6liminun
apoptozisin morfolojik karakterlerine sahip oldugunu, bu period boyunca kaspaz
aktivasyonunun meydana geldigini ve juvenil hormon analogu fenoksikarb’in doza bagh
olarak yeniden sekillenme surecini geciktirdigini veya engelledigini géstermistir.
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