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Chapter 10
SOME GENERAL CONSIDERATIONS

With the incressed realization of the importence of
the fat body in the metebolisk of insects, this tissue in
insects 1s often regarded as equivalent to the liver of
vertebrates, The studles presenteddin the precé?ing chapters
though do not claim to provide ccmplete answers to the many
leading questions that arefraised regarding exact functions
of this tissue in insects, the investigatorg considers this
an attempt to peep into the hitherto less known querters of
our knowledge of the physiology of this tissue.

In histological and histochemicel studies under-
taken, though with the ald of a light microscope and not with
an electron microscopéjzéggggin interesting organizational
features -of the cell structure and enzyme systems of the ins-
ect fat body. Free 1ipid droplets are known to occur in many
" different cells and tissues of the animal body and are generally
restricted to the cell cytoplasm. The biological significance
of cellular lipid droplets has been extensively studied in ver-
tebrate tissues like the adipose tissue, the liver and the stee
roid producing glands. The orthopteran fat body 1s cccerned
principally with the storagéfiipids ag fuel reserves for the ¥
wheole animal and there appesrs to be a cdntinual chemicsl turne
over of 1lipids though gross mobilization occurs only under

certain circumstances. The fat body, thus seems to be in a
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dynamic steady state. The mechanisme by which this state is

maintalned in animals are varied and less knovwne.

The major constituent of tﬁe 1ipid store in the
fat body seems to be neutral fats. Phospholipids and ‘
cholesterol are also preggnt in appreciable concentration and
there sceems to be a definite pattern of the spatial distridution
of glyceride fats and phospholipids in the cell. Phospholipids
form the periphery of the fat globules as well as surround the
nucleus. Some amount of fat may also be present in the cell

nucleus under certafn conditions.

Fat body may be concerned with protein synthesis
as well. Ribonucleic acid is found in considerable quantity
in the fat body of Poicelocera picts. However, this property
may not be universal among the insects because ribonuclelc
acid was almost absent from the faf body of Periplaneta.
| The urate cells have riﬁh RNA in their cytoplasm but the
cytoplasm of oenocytes contain no RNA, The urate cells and the

oenocytes, thus seem to)be fuctionally quite different.

The intense phosphatase activigy and its spatial
distribution namely, acid phosphbatase in the nuclei and alkaline
phosphatase in the cytoplasm, 1s worth investigating further.

It is known from the studies of the vertebrate
adipose tissue that certain mammals contain two types of

adipose tissue- (brown and yellow) which differ considerably
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in thelr structural features as well as'metabolic activity.
The orthopteran fat body could be classified as white and
yellow types. The white type (Periplaneta) differed greatly
in its structural features as well as metabolic activity
from the yellow type of fat body (Poicelocera, Schistocercsd.
The white fat.ﬁody cells have smaller nuclei, lack
vellow pigmentation and oenocyte célls and usually are uninuc;e-
ated. The cell cytdplasm 1is free of RNA basophilia. The enzymes
like lipass and alkallne phosphatase and acld phosphatase are
less in quantity. The fat globules inthe cytoplasm are of vary-
ing sizes and ususlly a2 larger fat globule is surrounded by
smaller ones. The yellow fat body cells have very large nuclel,
contain yellow pigment and oenocytes and the cells may be binu-
cleated. The cell cytoplasm is rich in RNA basophilia. Enzymes
like lipase and phosphatases are in greater concentration. The
fat globules in the cytoplasm are of uniform size. The nature
of the fat in the two types of fat body, however, could not:.be
ascertained. The urate cells which were found in the cockroach
fat body were absent from the fat body of Pgicelocera. In both
the types the nuclei were c%@rally situated in the cell and not
shifted to the cell boundary.

One of the fundamental characteristics of the orga-
nization of the animal system is the abllity of adaptations
to envirommehital alterations and the capacity of self regulaw

tion which results in the maintainancee of a dynamic steady
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state. To maintain this dynamic equilibrium or homébstasis

the animal must have the capacity to alter the rate of
metabolic reactions which underlie the different physiological
processes; Since most of the metabolic processes are mediated
through the activity of specific enzymes, it is necessary to
to #nvestigate the role ‘of enzymes in the maintainance of this
homeostatic dynamic steady state. A study of the boichemical
events during prolonged starvation can be utilized tq explore
the metabolic adaptations which the animal undergoes. Food
reserves in the fat body are in a dynamie steady state. The
animal.can draw upon these only during certain circumstances
and starvation is the one factor during vwhich most of the lipid
store gets depleted from the fat body. When Periplsneta was sta=
rved for a period of 30 days, drastic changes were observed

in the fat content of its fat body. Thls fat depletion could
ofily be possible if changes in the actlvity of the fat splitting
enzyme, lipase, in the fat body could be brought about. Changes
observed in the lipase activity during the period of 30 days
starvation was 1nterest1ng; The activity increased during the
earlisr period and gradually fell during the later period of
starvation. Changes in lipase activity waé also observed

during ovarlan development in Polcelocera when gross mobi-
lization of fat takes place. Thus,increase ér decrease in the
enzyme activity is brought about by some means which acts to
maintain the homeostatic state of the fat body.

The enzyme actlvity at any given time 1is the result
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of the dynamic interactions -of ;co-factors, CO=ONZymes

and substrate level on one hand and the enzyme conentra-

tion on the other. Changes brought about in any one of the above
vill alter the resaction. This rggulation may be hormonsl or

i

non-hormonal.

The depletion of the lipi& material and the increased
lipase activity in the fat body of starved cockroaches points
to the fact that the enzyme concentration regulates the mobil-
lization of the fat, This is true as~long as the swbstrate is
present in excess. The fall in lipase activity in the later
period of starvation represents an enzyme system operating at
a low substrate concentration. But the physiological significance
of the changes observed in the lipase activity during starvation
in Perivlaneta and that during ovarian development in Polcelo-
cera appears to be quite different.

The possible relationship between the endocrine
fac;ors and enzyme systems is lmportant in the intermediéry
metabolism., Several studles have been made on this aspect in
vetebrates but in insects no¥-much is known. Hormones may act
through bilocatalysts and infYuence a sequence or a chain of
chemical reactions by acting on some key reactions in the
system. The starvation effect on lipase activity observed in
the fst body of Periplsnets 1s of importance since it has been
suggested (chapter 6) that one of the factors responsible for
the fat depletion is lipase. It 1s possible, therefore, that
a hormonal factor may control this process (fat depletion)

by acting on lipase.
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The neurosecretory cells of the brain, the corpora
cardiaca, the corpora allata are all known to control many'
metabolic processes in insects. The medial nsurosecretory
cells and the corpora zllata hsve been thought to be
concerned in fat metabolism (Thomsen, 19423 Bodenstein, 1953).
The corpora alliata is aléo known to be involved in verious
phases of protein and carbohydrate metabolism (L'Helias, 1953a,
bj 19663 Wang and Dixon, 1960). The changes observed in the
medial neurosecretory cells in the brain of Polcelocera
(chapter 9) may well be interpreted as influencing the
corresponding changes that occur in llpase activity and fat and
ribonucleic acid contents of the fat body of the animal
during ovatiad development. Though direct evidence has not
been obtained in the present work, all the same, an assumption

to this effect secems feasible.



