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1. HORMONAL CONTROL OF METAMORPHOSIS

Insect metamorphosis is controlled by a variety of hormones of
which the most important are (1) brain hormone, (2) ecdysone and (3)
juvenile hormone. Most of the work with insect hormones has been
carried out by legaturing the larvae or pupae at various levels
between anterior and posterior ends, by making grafts or by the
injection of extracts of endocrine glands or synthetic hormones.

(1) BRAIN HORMONE

This is secreted by the neurosecretory cells of the brain which
are usually 4-clusters a pair of medial and a pair of lateral cluster.
The hormone secreted by these cells pass down the nerve axons of
these cells and accumulates in the corpus cardiacum. Release of the
hormone into the blood occurs at the corpus cardiacum level through
several ways i.e. either by disintegration of granules and their
diffusion into the blood or by means of exocytosis.

Experimental investigations in Cecropia silkworm show that
both the median and lateral neurosecretory cells are necessary for the
formation of this hormone. In fact the brain hormone is a mixture of
several hormones secreted by different types of neurosecretory cells
present in the brain.

Role of brain hormone in metamorphosis : This hormone
has an indirect effect on metamorphosis. The chief function of this
hormone is to control the secretion of the prothoracic glands.
Consequently, the removal of the brain has the same result as the
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150 Introduction to General and Applied Entomology

removal of the prothoracic glands. In both cases the !-ecretr
ecdysone is stopped and the insect enters into a state of diap;:u:f

Thus, diapause is due to the failure of the endocrine activity.

(2) ECDYSONE

This is also known as moulting hormone. Fraenkel (1935) found
that when mature fly larvae were legatured, only the front end wasg
able to form a puparium while the hinder part remained unchangeq
Blood transfusion from the front to the hind end even in the legatureq
fly larvae immediately caused a change resulting in the pupation of
the posterior part. From these observations, Fraenkel suggested that
the growth of the larva into the pupa was dependent on a hormone
secreted somewhere in the anterior end. Fukuda (1940) clearly
demonstrated that it is secreted by the prothoracic glands or ecdysial
glands. Finally it was Karlson (1954) who isolated the hormone in a
highly purified stage and named it as "Ecdysone". Chemical study of
ecdysone has clearly revealed that it is composed of two closely
related molecules viz. a-ecdysone and B-ecdysone and it is steroidal in

nature.

Effect of ecdysone on metamorphosis

Ecdysone is the only hormone which has a central control on the
developmental events at the cellular level in insects. When the
prothoracic glands stop the secretion of ecdysone the result is
developmental stand still. This is what happens during diapause. It
must be mentioned here however that the development of muscles
during metamorphosis is not governed by ecdysone alone. There is
another factor called neurosecretory factor or a neurosecretory control
(hormone) which when produced during the same period when
ecdysone is released in the blood causes muscle development. This
observation clearly points that there is a close integration of the
prothoracic secretory process with the activity of the neurosecretory
system. Further integration is through the neurosecretory control of

the brain over the prothoracic gland.

(3) JUVENILE HORMONE

This is secreted by corpora allata, a paired or unpairefl SIE?E
cephalic endocrine glands. The hormone is k:}own as Ju‘;eents
hormone (JH), corpus allatum hormone or neotenin which pre
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Some Hormonally Regulated Phenomena 151

the real change of stage in the developing insect. Wigglesworth (1934)
was the f_irst to de.monstrate this function of the juvenile hormone in
his vxperllpt‘ntﬂ with Rhodnius prolixus. However other workers such
as Bounhiol (1938) and Fukuda (1944) and several others have
confirmed the observations of Wigglesworth by their experiments on
caterpillars. The JH is terpenoid in chemical nature.

Role of Juvenile hormone in metamorphosis

Its chief function is to maintain the immature stages i.e. larvae
or nymphs of insects without causing pupation or the development of
adult stage i..e. the actual metamorphosis is blocked. In a normal
metamorphosing insect the corpora allata decline its secretory
activity and thus a sudden change from an immature young stage to
adult happens. Removal of corpora allata in the juvenile period of
growth in insects have clearly shown a precocious metamorphosis in
the life history.

In short the process of metamorphosis takes place as given
below:

The brain hormone secreted by the neurosecretory cells
stimulates the prothoracic glands to secrete ecdysone or moulting
hormone, but moulting occurs only when the juvenile hormone is
either absent or present in very small amounts. In the last larval
instar of Holometabola the corpora allata becomes almost inactive,
hence a low concentration of JH is present causing larva to moult into
a pupa. Similarly during later part of the pupa or late pupa, again the
corpora allata become inactive and in total absence of JH the pupa
moults into an adult insect. In Hemimetabolous insects also the same
phenomena is repeated 1.e. the corpora allata become inactive in the
last instar nymphs and in the complete absence of JH imaginal
ecdysis takes place. Thus metamorphosis in insects is controlled by a
delicate balance in the timing of secretion and concentration of two
hormones viz. JH and MH secreted by the corpora allata and ecdysial
or prothoracic glands. The total absence of JH is the most significant
factor for imaginal ecdysis 1in both, Hemimetabolous and

Holometabolous insects.

If much JH is present then larva will moult into a larva, if small

amount of JH is present then pupation takes place and in the total
absence of JH adult emergence occurs. And if the balance of hormones
is disturbed then monsters, intermediate between larva and pupa or
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