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Introduction

In Diptera, as in other insects various life processes are regulated by an inte
grated endocrine system. A special endocrine organ which encompasses the
source of all the three metamorphosis hormones has been evolved in this order and
was first described by Weismann (1864) in Calliphora vomitoria. The endocrine
character of this composite gland has been suggested initially by Hadorn (1937)
and established its functional status by Fraenkel (1935). Since then a host of
workers (B. Scharrer and Hadorn 1938, E. Thomsen 1941, 1947, Vogt 1941, Pos
sompes 1953 and M. Thomsen 1951 etc.) have concentrated their attention to the
structure, nature and function of the Dipteran ring gland in order to ascertain the
endocrine nature of the former both morphologically and experimentally. How
ever, knowledge of the morphology, structure, nature of the endocrine organs and
their anatomical relationship with the stomatogastric nervous system in Diptera
of higher groups is far from complete. Because such knowledge is essential for
physiological investigations, a morphological and histological study of the ring
gland is undertaken in the adult Chrysomyia megacephala.
Material

and methods

Laboratory reared adults of both sexes (in various age groups) of Chrysomyia
megacephala were anaesthesized with ether. The gland complex along with a
portion of the aorta, nerve and oesophagus were dissected out and fixed in Bouin's
fluid with 1% CaC2, for 24 hrs.; serial sections of 5 to 7 micra thick were stained
with chrome-alum-haematoxylin-phloxin-CAHP (Bargmann 1949) and simplified
aldehyde fuchsin-AF (Cameron and Steele 1959) staining techniques.
Observations

Morphology
The Weismann's ring exposes the appearance of a prominent whorl encircl
ing the aorta situated dorsal to the oesophagus in the region just anterior to the
proventriculus where prothorax is in connection with the neck (Fig. 1). The
dorsomedian component of the ring, the corpus allatum, is thrown into various
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modifications and may tend to vary from globular to folded appearance (Figs. 2
and 3). However, it remains unpaired although the notched condition may some
time simulate its bilobed appearance. Comparative anatomical studies reveal
further that varied structural modifications of the corpus allatum is associated with
the maturity and age of the fly concerned i.e. the more the animal is matured the
less the folded pattern of the gland.
The median corpus cardiacum and hypocerebral ganglion complex (gland
ganglion complex) occupies a position ventral to the aorta (Fig. 1). The identity
of the corpus cardiacum as a singular organ is not very clear when morphoanatomy
of the gland is taken into account. The gland-ganglion complex is in connection
with the corpus allatum by fibre like strands one on each side of the aorta and in no

Figs.

1-3.

1, section

passing

through

the Ring

gland

of Chrysomyia

megacephala

showing

the

general contour of the entire gland.
Note the dorsomedian
corpus allatum, ventral corpus cardia
cum-hypocerebral
ganglion complex in relation to the aorta and detached left portion of the fibre
like strand.
Section of the oesophagus
is also seen.
2, section of the corpus allatum showing
intraglandular
CAH-positive

architecture.
Note
material, interdigital

adult,

C. megacephala

semisyncytial
nature of the
processes and some vacuoles.

showing

homogeneous

nature

gland with conspicuous
nuclei,
3, corpus allatum of the early

and folded

appearance.

way adherent to it. These are possibly composed of the remnants of the degenerat
ed larval "cell masses". The corpus cardiacum-hypocerebral ganglion complex
receives a prominent recurrent nerve at its anterior end. The latter originates from
the frontal ganglion. Careful observations reveal that a median oesophageal nerve
remains in close association with the recurrent nerve along its dorsal side. This
delicate oesophageal nerve takes its origin from the cardiacum-hypocerebral gan
glion complex and in its course through the neck, it gives off a ganglionic swelling,
very probably the proventricular ganglion, situated immediately behind the brain.
Peculiarly enough a short nerve like extension from this locality is found to proceed
anteriorly and as soon as it passes through the brain canal undergoes bifurcation.
These slender branches become approximated to form a ganglion like body (?)
near the lunule. A few very delicate branches of nerves originating from the frontal
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nerve like prolongation.

Histomorphology
a. Corpus allatum: The corpus allatum occupies a position dorsal to the
aorta, is solid and ovoid in shape. Cytologically the cells of the corpus allatum
present a homogeneous picture and is in sharp contrast with that observed in
corpus cardiacum. The gland is made up of well defined cellular elements where
nuclei of larger and smaller dimensions are encountered (Fig. 2). Their shape
usually ranges from spherical to oval and bear conspicuous nucleoli. The nucleus
may, contain chromatin granules. They are usually oriented more towards the
cortex of the gland which seemed to be compact than the medulla where disposition
of cellular elements remains in a scattered way. The cytoplasm is relatively clear.
The cytoplasmic demarcation from one cell to another is not too distinct. In this
respect, the corpus allatum may be considered as semisyncytial in nature. It is
conceivable that some glands in their inactive state beside possessing vacuoles of
variable dimension bear, interdigital processes radiating possibly from the mesen
chymatous connective tissue of the surface layer of cortex. CAH- and AF-positive
granules are visualized in varying concentrations in the matrix of the gland. In
some, these are obvious in greater abundance either at the dorsal proximity of the
gland or at the dorsal wall of the aorta or both.
b. Corpus cardiacum and hypocerebral ganglion complex: The corpus cardia
cum constitutes the lower median part of the ring. It is characterised by its antero
dorsal bifurcation where solitary cardiacan elements are encountered (Fig. 4) and
also its subsequent fusion with the hypocerebral ganglion (Fig. 5). It differs from
the corpus allatum by its milky white colouration. Cytomorphologically it exposes
heterogeneous picture when cellular orientation, tinctorial affinity and cell types
are taken into consideration. In general, the inner part of the complex has the
distribution of extrinsic and intrinsic components occupying chiefly at the dorsal
and lateral regions. The intrinsic component comprises of the secretory neurones
having large number of smaller, few larger and some neuroglial cells (Figs. 6a and
b). The neurones have well defined cell bodies with almost rounded central nuclei
having fine chromatin granules under the nuclear membrane and distinct nucleolus.
Cytoplasm is sparsely distributed with poorly stained secretory material differing
from that of protocephalic neurosecretory product. They send their axons to the
adjoining neuropile made by non-neurosecretory and extrinsic fibres (Fig. 7).
Neurosecretory granules are found to concentrate chiefly at the peripheral portion
of the gland; maximum concentration has, however, been detected in the vicinity
of the ventral wall of the aorta (Fig. 5). Extrinsic components are chiefly com
posed of neurosecretory fibres coming out from the brain and are anastomosing in
the matrix of the gland. Limited observations reveal the existence of extrinsic
materials traversing along the course of this network. Distribution of intrinsic
cells (parenchymal cells) which show some degree of neural property (B. Scharrer
1963) are of two types, arranged in clusters or individually and usually surrounded
by the glia cells. Small cells form the clusters while large cells remain individually.
Incidentally the individuality in the number of intrinsic secretory elements gradu
ally diminishes with the incorporation of the hypocerebral ganglionic components.
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nuclei, rich in
in comparison

Figs. 4-7. 4, bilobed anterodorsal portion of the corpus cardiacum along with a medial nerve
lying in between the aorta and oesophagus is shown. Note no hypocerebral ganglion cells are in
association with the minute corpus cardiacan elements. 5, section showing the unified condition
of the corpus cardiacum in association with a few hypocerebral ganglion cells (some of them seen
at the right corner of the photomicrograph).
AF-positive material of variable intensities are en
countered in the vicinity of the aorta, matrix of the gland-ganglion complex and the cortical part of
the allatum. 6, section showing the heterogeneous condition of the corpus cardiacan elements
and their involvement with the massive and CAH-positive hypocerebral ganglion cells (a). Note
the presence of many small and a few large intrinsic cells and also AF-positive extrinsic fibres (b),
7, section showing the corpus cardiacan elements and their participation with the neuropile.
Abundant CAH-positive material is encountered in the vicinity of the wall of the aorta.

with the intrinsic cells.
Processes of the cell bodies are not well marked
light microscopic
study.
The neuroblasts
of the hypocerebral
ganglion use to encroach
round

by present
the ventral
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and lateral portions of the gland-ganglion complex.
They are chiefly characterised
by their massive size and distinct perikaryon with axonal process . Nucleus is
prominent and intranuclear material are discernible.
In fact, some of these neuro
blasts are in possession of secretory product but axonal transport is not well en
countered (Fig. 8).

Discussion
The retrocerebral
endocrine
system has obtained
speciality in case of Cyclor
rhaphan
Diptera,
Chrysomyia
megacephala.
This is due to close approximation

of the glandular components achieved by the
maximal degree of ganglionic fusion (Horridge
1965-cited by Chapman 1972, Norman 1965)
in course of phylogenetic evolution (Cazal 1948).
Double innervation of the ventral half of
the ring gland of Chrysomyia by recurrent and
oesophageal nerves is of importance, particularly
when the plural role in one of the components
of the gland-ganglion complex is taken into con
sideration. Transport of extrinsic material to
the corpus cardiacum proper triggers its cells
to produce specific hormones and/or modify the
exogenous product which may have variety of
hormonal actions on the general metabolism of
the insect concerned (E. Scharrer 1966).
At the moment, whether the oesophageal
nerve like extension and the ganglion like mass
near the lunule of C. megacephala can be re
cognised as true neuronal derivation or not is
a matter to be confirmed by further investiga
tion.
Despite morphological
alterations of the
corpus allatum due to ageing (Awasthi 1972)
compact and homogeneous nature and posses

Fig. 8. Section
rich 'perikaryon'

showing
cytoplasm
like hypocerebral

ganglion cells. Note the prominent
nucleus and granule rich massive cyto
plasm.

sion of dimorphic nuclei indicate its synthetic role (Lea and Thomsen 1962).
Occurrence of interdigital processes in some inactive glands has a definite physi
ological significance and could be recognised as a marker of synthetic activity as
envisaged by B. Scharrer, 1961 in Leucophaea maderae. Accumulation of NSM
in the allatum has important bearing (Arvy and Gabe 1954) when the production of
specific hormone (Burgess 1971) and its participation as an accessory storage-release
organ are considered.
Secretory nature of the corpus cardiacum has been emphasized by many in
vestigators despite functioning as a classical neurohaemal organ (B. Scharrer 1963).
Whether the AF or CAH-positive products in the cytoplasm of the glandular
neurones (intrinsic neurosecretory cells) of C. megacephala represent any hormon
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ally active inclusion is uncertain till the physiological effect of the corpus cardiacum
is determined by experimental investigations. Clements (1956), however, has
reported the presence of chrome-haematoxylin positive granules in the secretory
neurones in pupae and adults of Culex. Later Burgess and Rempel (1966) have
admitted the AF- or CHP-positive inclusions but do not unequivocally state their
existence within the axonal processes. Strangely enough, while so much importance
is attributed to these elements, no thorough emphasis has been paid on the mode
of transport and release of the secretory material in the matrix of the gland con
cerned. Concomitantly, the intrinsic secretory material and their differential
stainability (Gabe 1966) due to intense acidophilia indicate specificity of the secre
tion. In contrast to this observation, B. Scharrer (1962), however has opined that
apart from the staining specificity the secretory products of the cardiacum neuro
secretory cells exhibit the criteria of the elementary neurosecretory granules when
seen under electron microscope.
The extent of fusion of the corpus cardiacum with the hypocerebral ganglion
in C. megacephala is in agreement with the observations made by Cazal (1948) and
Fuller (1960) in Culex and Corethra respectively. Secretory characteristic of the
hypocerebral ganglion cells (Khattar 1968, Unithan et al. 1971) is considerably
significant in this fly too. Utilization of CAH and AF-positive material in order
to produce an effective role on the secretory norms of the indigenous neurosecretory
cells (Busselet-cited by Sehnal 1971) awaits further investigation.
In sum, the present investigation reveals that the structure of the retrocerebral
endocrine system of Chrysomyia megacephala is more interesting than was previ
ously known, although the interrelationship of various components and their ele
ments are not yet completely explored. Concentration of retrocerebral endocrine
complex around the aorta has an important significance and presumably minimises
the utilization of various hormonal elaborations furnished by the nearby endocrine
glands. The hypocerebral ganglion cells which prompt to release secretory material
must be considered as an integral part of the retrocerebral endocrine system in
Cyclorrhaphan Diptera specially when the neuroendocrine coordination is taken
into account.
Summary

Ring gland in adult Chrysomyia megacephala

is composed

of a dorsomedian

globular compact gland, the corpus allatum over the aorta and an amalgamated
component of corpus cardiacum and hypocerebral ganglion (gland-ganglion com
plex) below. The latter is innervated by oesophageal and recurrent nerves. The
lateral portions of the ring do not expose cellular consistency.
The corpus allatum
is semisyncytial and contains discernible CAH- and AF-positive material.
The
difference in size and contour of the gland depends upon the maturity and age of
the fly. The corpus cardiacum contains intrinsic cells and extrinsic fibres exhibiting
secretion and storage respectively.
Massive granule rich hypocerebral ganglion
cells invade the corpus cardiacan elements.
The immediate relation of these cells
with the parenchymal elements of the corpus cardiacum is hitherto not established.
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