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Abstract. Histochemical details of the fat body in the fifth instar larval stage, pupa and
adult moth of the castor semilooper Achaea janata were elucidated in detail using light and
electron microscopy in conjunction with glycogen storage patterns using polyacrylamide
gel electrophoresis. The periodic-acid Schiff staining for glycogen in fat body was
maximum in the spinning stage of the larva, when compared to the feeding stage and
prepupal stages, and higher in the pupa than in the larva and the adult moth. In insulin
injected and juvenile hormone treated fat body, glycogen deposition was more than in
glucagon injected tissues. The periodic-acid Schiff stained bands in PAGE had
electrophoretic mobility similar to the corresponding protein band numbers, indicating
their glycoprotein nature.
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1.

Introduction

Investigations on insect species show the fat body to be the principal centre of
carbohydrate metabolism. Carbohydrates are stored mainly in the form of glycogen
(Kilby 1963; Chefurka 1965; Wyatt 1967; Wu 1983). We have investigated histochemically the fat body of larva, pupa and adult under the light and electron
microscope (LM, EM) in addition to electrophoretic investigations (polyacrylamide
gel electrophoresis, PAGE) in the normal, hormone treated and starved animals
with a view to delineate the modulatory role of these hormones on the pattern of
glycogen deposition in Achaea janata. Though work has been done on the histology
and histochemistry of the fat body in other insects (Nair and George 1964;
Wigglesworth 1967; Cruz-Landim 1983), none has been focussed along these lines.
2.

Materials and methods

2.1

Animals

Animals used· were normal female fifth instar larvae (feeding stage, spinning stage),
prepupae, early pupae (1-day old) and early adult moths (1-day old) of the castor
semilooper, A. janata reared under controlled conditions (John and Muraleedharan
1989). Only female fifth instar larvae of the spinning stage were used for hormone
treatment [glucagon, insulin and juvenile hormone analogue (JHa ZR 515–
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Methoprene)] and starved animals (fed for the first 24 h after ecdysis and starved)
were used for LM and EM studies. For electrophoretic investigations only normal
female fifth instar larvae at the feeding stage (day 2), spinning stage (day 3), and
prepupae (day 4) were selected.
2.1a Hormones used: The doses of glucagon injected were 2µg/animal and
insulin, 0·08 mU/animal. Both were gifts from Lilly Research Laboratories, Eli-Lilly
and Co., Indianapolis, USA. Juvenile hormone was topically applied in acetone
(l00 µg/animal; ZR 515 Methoprene, a gift from G Β Staal, Zoecon Corporation,
California, USA).
2.2 Light microscopy
Small pieces of fat body were isolated by dissecting the animal and fixed in picro —
alcoholic formalin, dehydrated in alcohol, infiltrated with paraffin wax and finally
embedded in paraffin. Sections at 5 μm thickness were cut using a rotary microtome
(Spencer-820) and stained with periodic-acid Schiff (PAS) stain (Pearse 1968) for
glycogen.
2.3 Electron microscopy
Pieces of fat body were prefixed in 2·5% glutaraldehyde in phosphate buffer (pH
7·2), post fixed in osmium tetroxide in the same buffer, dehydrated in acetone and
embedded in Spurr resin (Spurr 1969). Ultrathin sections (600 A thick) were cut with
an LKB Ultratome-IV using a glass knife and mounted on copper grids. Staining
was performed with uranyl acetate and lead citrate (Reynolds 1963) and sections
observed using a Carl Zeiss EM 109 electron microscope operated at an
accelerating voltage of 80 kV.
2.4 Electrophoresis
Dissected out fat bodies were washed in insect ringer solution (7·5 g NaCl, 0·35 g
KCl, 0·28 g anhydrous CaCl2/l) and weighed. About 20 mg was homogenized in
100 μ1 of sample buffer (pH 8·8) and stored in the freezer. When needed it was
heated for 2 min in boiling water and centrifuged. The supernatant was used as the
sample. Polyacrylamide slab gel electrophoresis (12·5% SDS-PAGE) according to
the method of Takäcs (1979) was followed with minor modifications. The gel was
stained for protein using 0·25% Coomassie blue R-250 and for glycoprotein using
the PAS method followed by Zacharius et al (1969) with minor modifications.
3. Results
3.1 Light microscopy
In the larva, the fat body appeared as longitudinal ribbon like strands in shades of
yellow in females and white in males. In LM investigations, the cytoplasmic strands
surrounding the vacuoles in the fat body of fed larva (day 2) took up the purplish
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red stain, characteristic of polysaccharides (figure 1) while in fat body of spinning
larva (day 3) the staining was deeper which showed intense glycogen deposition in
the cytoplasm (figure 2). In the prepupal stage (day 4), fat body appeared as a sticky
mass and purplish red staining regions were less intense (figure 3) compared to the
spinning animals (day 3). In the pupa, the fat body seemed to be an histolytic mass,
green in males and greenish yellow in females. Distinct cellular organization of the
larval stage was lost and polysaccharide staining was intense showing abundance of
glycogen (figure 4). In the adult, the morphology of fat body appeared as bunches of
grapes, being bright yellow in females and pale yellow in males. In the sections, fat
body appeared as isolated cells and certain regions took up the purplish red
staining indicating the presence of glycogen (figure 5).
Glucagon injected fat body tissue (figure 6) stained lighter than insulin injected
tissue (figure 7). Juvenile hormone treated larval fat body (figure 9) took up a
deeper polysaccharide stain of pink than that by the normal controls (figure 2).
Compared to acetone treated controls (figure 10), the histochemical stain in the
latter was even more intense than in the juvenile hormone treated fat body.
Hypertrophy of the fat body was also seen in juvenile hormone treated larva, as it
grew in size. In starved tissues (figure 8), the polysaccharide staining was less intense
compared to controls.
3.2 Electron microscopy
The polysaccharide sheath of the normal spinning larva (day 3) observed under
light microscopy was visible in electron micrographs as small dark staining
glycogen granules (figure 11). They were seen to occur mainly as ß-particles (unit
particles) than as α-particles (rosettes). In glucagon treated larvae (figure 12), the
glycogen granules appeared smaller in size and fewer in number compared to
insulin injected larval tissue (figure 13) where they appeared prominent and were in
large numbers. In juvenile hormone treated larva (figure 15), the EM pictures showed
the cytoplasm as rich in endoplasmic reticulum (ER), golgi bodies (GB), mitochondria,
and ribosomes in addition to small electron dense protein granules and large dense
lipid globules around which lay myriads of glycogen granules mainly as single units
as well as rosettes which appeared more in abundance than in the normal control
fat body (figure 11) but less than in acetone treated controls (figure 16). At the
ultrastructural level, the starved insect's fat body tissue (figure 14) contained larger
lipid globules and protein bodies. Vacuoles started forming in the cytoplasm
around lipid globules and glycogen granules seemed to be getting depleted.
Inconspicuous and ill-defined ER, a small number of ribosomes, underdeveloped
GB and large number of lysosomes were the characteristics of these starved cells.
3.3 Electrophoresis
PAGE of the female fat body permitted consistent resolution of at least 22 protein
bands (day 2), 17 protein bands (day 3) and 14 protein bands (day 4) (figure 17a).
Histochemical tests for carbohydrates revealed the presence of 13 (day 2), 12 (day 3)
and 10 (day 4) PAS positive bands (figure 17B). These bands had electrophoretic
mobilities similar to the corresponding protein band number in the earlier
experiments which indicated that they were glycoproteins.
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Discussion

Progressive morphological and histochemical differences occurred in the fat body as
the semilooper larva metamorphosed into the pupa and thereafter into the adult
moth. Greater glycogen deposits occur during periods of glycogen Phosphorylase
Inactivation in the larva, prepupa, pupa and adult (Ziegler et al 1979; Siegert and
Ziegler 1983). Glycogen was gradually building up in the fat body during the
feeding period of the larva (day 2) and only as feeding started declining, glycogen
synthesis and deposition occurred in fat body during the spinning period (day 3)
and thereafter declined in the prepupal period (day 4) towards larval-pupal ecdysis.
Therefore the glycogen pattern displayed its synthesis and utilization to meet the
energy demands required for cocoon formation and chitin synthesis as also
observed in Galleria mellonella and Bombyx mori (Lenartowicz et al 1967; Simek
and Kodrik 1986). The pupa is a quiescent stage and is in a stage of spontaneous
metamorphosis for the formation of the imago from the fasting pupa; the higher
glycogen content indicates that the pupal fat body is metabolically more active in
deposition and utilization. Explosive autolysis of fat cells liberating their reserves
during pupal life have been reported in Lepidoptera (Walker 1966). Glycogen in fat
body decreases towards pupal-adult ecdysis, in association with chitin synthesis,
development of the imaginal organs and synthesis of trehalose as a flight fuel in the
newly ecdysed adult. In the adult moth, glycogen serves to provide the necessary
substrates for the development and maturation of the egg and to meet the energy
requirements for mating and egg laying. Fat body Phosphorylase is activated after
flight (Ziegler and Schulz 1986; Wilps and Gade 1990) or influenced by reproductive
processes (Collatz and Wilps 1985; Wilps and Zöller 1988). Thus the degree of
glycogen deposition can be used as a parameter of the nutritional state, of the
muscular activity, of the synthetic activity and also, of the hormonal balance in the
body of the insect.
Functionally insect fat cells are holocrine secretory cells. Glucagon increased the
rate of glycogen degradation in the injected animals probably through
Phosphorylase activation while the reverse occurred in insulin injected animals as
shown by the variable amounts of glycogen deposition in light and electron
micrographs. Hence we suggest the existence of a double hormonal system in the
physiological regulation of glycogen in A. janata, as in mammals. Simultaneously,
juvenile hormone treated larvae also showed suppression of glycogen degradation,
probably through Inactivation of glycogen Phosphorylase. The insulin injected and
juvenile hormone treated fat body of A. janata contained an abundance of glycogen
granules mainly as β-particles and had well developed profiles of granular
endoplasmic reticulum (GER) and GB made of stacks of cisternae and vesicles
indicating high secretory activity as reported by Raabe (1982). The contents of the

Figures 1–10. Fat body of normal, hormone treated and starved animals of A. janata (PAS
stained). Darkly stained areas show glycogen deposition. (1) and (2) Feeding stage (day 2)
and spinning stage (day 3) (control) of fifth instar caterpillar (× 100). (3) Prepupal stage
(day 4) (× 100). (4) Pupal stage (day 1) (× 100). (5) Adult moth stage (day 1) (× 400).
Glucagon treated (× l00) (6), insulin treated (× l00) (7), starved (× l00) (8), juvenile
hormone treated (× 400) (9) and acetone treated (control) (× 400) (10) fat body of
caterpillars at spinning stage.
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Figure 11–16
Hormone treated and starved fat body of A . janata. (11) Normal spinning
Stage of fifth instar caterpillar (control). Glucagon treated (12), insulin treated
(13), starved (14), juvenile hormone treated (15) and acetone treated (16) fat body at
spinning stage of fifth instar caterpillars.
(G, Glycogen; L, lipid; M, mitocondria; P, protein; SV, Secretory vesicles; GB, golgi body;
Ly, lysosomes; V, vacuoles; ER, endoplasmic reticulum).
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Figure 17. (A) Acrylamide gel separation of fat body proteins using Coomassie blue R
250 stain. (B) Fat body glycoproteins stained with Schiffs reagent. (Day 2, Feeding stage;
Day 3, spinning stage; Day 4, prepupal stage).

secretory granules take different appearances which represent successive stages in
the maturation of the secretory granules as observed in the electron micrographs.
Free ribosomes are also found in the adjacent cytoplasmic matrix. The
mitochondria visible in the experimental groups tend to be in close proximity to the
areas of GER and lipid globules.
In the trophocytes of the queen honeybee, the granular material also seems to be
glycogen β-particles, though a few α-particles are found associated with lipidic
vacuoles; the β-glycogen particles seem to constitute an important reserve always
associated with lipid and mitochondria (Cruz-Landim 1985). Chemical and
metabolic properties of α- and β-glycogen show significant differences in
morphological forms in vertebrates: α-glycogen is more frequent in liver as a long
term carbohydrate supplied to the organism and β-glycogen in muscle as an
immediate energy reserve; the same might occur in insects as well, which would be
corroborated by the mitochondrial proximity (Fawcett 1981).
As the animal starves, changes occur in the organization of the fat cells. Areas of
glycogen are invaded by the agranular ER and small clusters of glycogen are clearly
seen in the interstices of the reticulum as glycogen is withdrawn to further the
animal's metabolism. Glycogen degradation is evident since starvation activates fat
body glycogen Phosphorylase (Siegert and Ziegler 1983) as an adaptive mechanism
to be called on in situations of stress. Besides, the cytoplasm presents conspicuous
lysosomes and protein bodies fuse giving the appearance of large protein bodies in
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starved tissues of A. janata as also reported by Nair and Karnavar (1968) and
Gopalakrishna (1980). Lipid globules also occupy the spaces among the protein
bodies and the nutrients drawn from them may be utilized during starvation to
meet the energy requirements of the body. Mitochondria degenerate, lysosomes
appear and glycogen granules disappear in starved Blaberus discoidalis (Walker
1965). The smaller number of secretory granules in inactive cells might be due to
the fact that lysosomes present in large numbers remove unwanted secretory
granules by crinophagy (De Roberts and De Roberts 1980). Thus variations in the
nutritional level of the insect are seen to reflect the glycogen contents and the
organelles in the cell.
Reduction in the protein as well as glycoprotein bands indicates its utilization for
the various processes of cocoon formation and chitin synthesis as the larva
metamorphoses. The glycoprotein bands show electrophoretic mobility similar to
protein bands, being the conjugated proteins of glycogen. Perhaps these proteins
serve as carriers of carbohydrates required during vitellogenesis as has been
suggested by Siakotos (1960). According to Sokal (1973), the trophocytes filled with
storage substances are considered to mark off the onset of the cell activity by
mobilization of the protein globules and glycogen deposits (Stay and Clark 1971). If
that is so, during the voracious feeding period (day 2) in A. janata the reserves seem
to get accumulated due to selective uptake by the tissues which are mobilized by
selective degradation and sequestration into the hemolymph during the spinning
period (day 3) and prepupal period (day 4). Qualitative and pronounced
quantitative changes thus appeared to occur during the prepupal period. The
electrophoretic patterns of these conjugated proteins might be constant for a given
species and stage dependent since the protein bands in various species are stage
dependent and species specific (Loughton and West 1965; Elliott and Gillott 1979;
Kim and Seo 1980, 1981). Thus the fat body is of paramount importance in the
intermediary metabolism of insects and the major tissue for the synthesis and
storage of proteins, glycogen and lipids (Wyatt and Pan 1978), is also subject to
hormonal modulation.
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