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ABSTRACT

The neurosecretory system and retrocerebral endocrine glands of 4. bicolor were revealed
by histological sections and whole mount, using Chrome Hematoxylin Phloxine and Performic
Acid Victoria Blue techniques.

In account for the neurosecretory granules and their staining properties, one type neutosec-
retory cell was identified in sections. There was no difference between the histology of neurosee-
retory cells and syncytial corpora cardiaca of female and male individuals. It was observed that
the females were bigger than the males and they had also bigger corpora allata.

The median neurosecretory cells and their emerging axons in the brain were not seen by
total staining. However, in the same total stained preparates the outer parts of nerve
corporis cardiaci-I and the storage lobe of the corpus cardiacum were stained in various density
at different times of a day. So, it was concluded that the neurosecretory materials were transpor-
ted by the nervi corperis cardiaci-I and that the neurochaemal organ was corpora cardiaca in this
species.

INTRODUCTION

In recent years the importance of endocrine centers in insects
has increased evidently in vertebiates. The neurosecretory cells are
located in the brain of insects. Similar cells have also been demonst-
rated in vertebrates (SCHARRER and SCHARRER, 1944). The neuro-
secretory cells in the central nervous system control many major physi-
ological events in the post embriyonic life of insects. The role of neuro-
secretory cells in the pars intercerebralis during moulting and metamorp-
hosis is well known (WIGGLESHWORTH, 1972). In some insects these
cells are also involved in ovarian development and oviposition‘u(NAYAR,

1958; MORDEU, 1965; ADAMS, 1970).
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A veview of the literature reveales many studies of the brains and
the retrocerebral complex of different insects in which portions of this
system were described. The brain neurosecretory centers and their rela-
ted endocrine organs and nervous connections have also been totally
and histologically investigated in most insects (DAY, 1943; TOPCUOG-
LU, 1972; ADAMS, 1976; DORTALND, 1979; DAVEY, 1981).

The neurosecretory cells can be classified as different cell types ac-
cording to their staining reactions and various other properties (SHA-
IFQ, 1954; TOMBES and SMITH, 1970; WIGGLESHWORTH. 1972).
In the study of the neurosecretory system, the in situ technique of stai-
ning has been proved to be very useful, especially in insects (DOGRA
and TANDAN, 1964; DOGRA, 19067).

The CC and the CA are located in the posterior part of the head of
insects and anatomically connected in most insects. The CC have been
shown experimentally to play some part in the control of developmen-
tal events (THOMSEN, 1954). It is thought that this control is affected
by the release of material which originates in the neurosecretory cells
in the brain, and passes through the NCC to the CC, where it accu-
mulates (SCHARRER, 1952; THOMSEN, 1954).

The €. allatum is known to secrete a hormone which is often refer-
red as “the Juvenile Hormone”. It is known to influence a number of
physiological process (MORDUE, 1965; PENER, 1967; ADAMS, 1970;
PINES et al.,, 1980; PRATT and PENER, 1983).

The present study was undertaken to determine the anatomy and
histology of the neuroendocrine complex of A. bicolor as an essential
basis for future endccrine studies.

MATERIAL and METHODS

The male and female A. bicolor adults needed for the studies were
collected from the vicinity of Ankara during summer months. They were
kept in the cages and fed with fresh quitch grass and wheat until dissec-
tion. Since different species gave different results by the same sta-
ining technique (ARVY and GABE, 1962); the species Locusta migra-
toria migratorioides which has been studied very well (UVAROYV, 1966)
has been chosen in order to test whether the staining techniques work
or not. L.m. migraterioides specimens were taken from the Zoology La-
boratory in Department of Biology, Faculty of Science, University of
Ankara.
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The brain and the retrocerebral endocrine glands of both insects
were dissected in physiological saline and fixed in two lots. One lot was
fixed in 10 per cent formol-saline and the cther in Bouin’s fluid. The for-
mer lot was stained with performic acid victoria blue (DOGRA and TAN-
DAN, 1964) and the latter with chrome hematoxylin phloxine (GOMO-
RI, 1941). For the histological observations, the organs were dehydrated
by being subjected to the alcohols (30 %, 50, 70, 90, 100) and supercedrol,
supercedrol-paraffin wax and finally embedded in parafin wax and bloc-
ked. The serial sections were observed under a light micioscope and the
fotomicrographs were taken with an automatic camera mounted on
Vanox research microscope.

The cerebral system of adult male and female of 4. bicolor now has
been studied with both PAVB and CHP staining technixues..

RESULTS
General Morphology

The brain is composed of protocerebrum, deutocerebrum and tri-
tocerebrum (Fig. 1a). Protocerebium laterally has two well developed
optic lobes, each size of which is about half of the brain and sends nerves

Fig. 1. Brain and retrocerebral endocrine glands (a) and the long linkage of suboesophageal gang-
lion’ b) to the brain. 10x.
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two laterally and one medially to the ocellus. Deutocerebrum has two
antennal lobes which recieve one thick nerve for each antennae. Trito-
cerebrum consists of two distinct lobes and links to suboesophageal gang-
lion with the pair of leng connectives. The suboesophageal ganglion is
situated extremely away from the brain and rans front of the brain.
Because of the correlation with the long head morphology, the distance
between the brain and the CC-CA complex is also far (Fig 1b).

The CC are a pair of translucent structures and located behind the
brain. They lie on dorsal portion of the esophagus and surround the aor-
ta. They are joined to the brain by two pair of very long nerves. One of
them is a medial pair of CC nerves called nervi corporis cardiaci-I. In
addition to the NCC-1, another pair of nerves emerges from the mid pos-
terior surface of the tritocerebrum, dorsal and lateral to the NCC-I,
and joins the CC on their anterior surfaces (Fig. 2). They are clearly

Fig. 2. Lateral view of retrocerebral endocrine glands. 10x.

visible after stretching the brain. These nerves are the nervi corporis
cardiaci-II. The CC are connected to the hypocerebral ganglion by two
short, thick connectives (I'ig. 2). A fine pair of nerves, the nervi corporis
allati-I, connects the CA to the CC. These nerves are located on each side
of the lateral line of the esophagus and link te the suboesophageal gang-
Lion. In adidtion to the NCA-I which connects themselves to the C. car-
diacum they are connected by fine nerves to the suboesophageal gangli-

on with NCA-II (Fig. 8b).
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The body of the female individuals is normally bigger than that of
the males. When their bodies are compared, it is seen that the bigger
female individuals have the larger brain and retrocerebral endocrine
glands than those of the males. This especially can be seen clearly in
the sections of CA (Fig. 8a, b).

Total Staining

The photomicrographic demonstration of the median neurosecre-
tory cells and their axonal pathways in the total stained preparations
of A. bicolor involve in some difficuity. The stainable material of the me-
dian neurosecretory cells of pars intercerebralis, and its axons were not
seen in the brain with PAVB staining (Fig. 3a). However, when the
same technique was applied to L.m. migratorioides, it was observed
that they were stained dark-blue. The cross of the emerging axons
from the neurosecretory cells in the pars intercerebralis had also becn
clearly seen (Fig. 4). But the parts of NCC-I extended out of the brain
and the storage lob of the CC of A. bicolor have been stained with this
technique (Fig. 3a, b).

Fig. 3. Brain and CC after total s,tainmg in f. bicolor (a) 10x. The exist of stainable material in
CC and NCC-I (b). 25x:
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Fig. 4. The cross of the emerging axons from the median neurosecretory cells after total staining
in the brain of L.m migratericides. 30x.

In the stained areas of A. bicolor which were fixed at different ti-
mes of a day, the density of the colouration of the stainable matexial
was various. The fluctuation of the density in these areas shows the dif-
ferent stages of the secretion from the brain neurosecretory cells and it
also shows that this secretion is storaged and secreted in the CC. These
observations revealed that the neuroseeretory material was transported
by the NCC-I to the CC, and therefore the neurchaemal organ was the
CC in this species.

The point of origin of NCC-II in the brain can not be made out be-
cause the pathways of the lateral neurosecretory cells have not also
been observed in both species. Additionally, the NCA-I, CA and NCA-II
were not also been stained in these species.

HISTOLOGICAL RESULTS
Neurosecretory Cells

The neurosecretory cells can be seen in the protocerebral, deutoce-
rebral and tritocerebral regions of the brain (Fig. 5a, b). The neurosecre-
tory cells in the protocerebrum can be identified as feliows: Some neu-
rosecretory cells exist in the dorsal part of the pars intercerebralis as
two closely placed small part, four or five cells lie in the two group at
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the mid line of the anterio-ventral region, and one or two neurosecretory
cells are situated at the bottom of the optic lobes on both side of the pro-
tocerebral lobes (Fig. 5 b).

Fig. 5. The neurosecretory cells in the protocerebruf, deurocerehrum and tritocerebrum (a).

25x. The neurosecretory cells at the bottom of the optic Iobe (b) and lateral of protocerebrum (c).
100x.

The neurosecretory cells can be distingaished from normal neurons
by their large nuclei and cytoplasm. They contain some inclusions which

stain dark bluish purple or reddish on the pink or pink-violet cytoplasm
with CHP (Fig. 6a).

Fig.. 6. The neurosecretory cells can be distinguished from normal neurons by their large nuclei
and cytoplasm (a). 400x. The neurosecretory cell in pyriform (b). 250 x.
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The classification of neurosecretory cells into different groups ac-
cording to their cyrtoplasmic inclusions and differentiation and staining
reactions is not possible. There is also no clear variation according to
the size and differentiation of the cytoplasmic inclusions in the neurosec-
retory cells in the adult male and female individuals. But, there are so-
me neurosecretory cells of a pyriform shape (Fig. 6b). Small inclusions
are scattered in the cell bodies. There are no densely packed granules
in the neurosecretory cells. There is no visible difference between the fe-
male and male neurosecretory cells and their locations in the brain.

Corpora Cardiaca

The corpora cardiaca lie posterior to the brain and overlic to the
hypocerebral ganglion (Fig. 2). Dorsal aorta passes between the two
glands. The CC are separated ventially and dorsally except for a short
region of contact mid-dorsaily. The CC are composed of two histologically
distinct regions. The major porticn of the gland consists of axons of the
NCC-1, cells with flattened or spherical shape. Stainable material is
absent in the posterior ventral regions of the gland. The posterior lobes
form a narrower portion of the gland, dorsal to the large anterior lobes,
and their outlines are undulated. The anterior of the CC is “U” shaped
and its unpaired lobe is situated immediately above the hypocerebral
ganglion.

It is possible to see the cell houndary, but the cytoplasm is gene-
rally syncytial. The nuclei are ellipsoid or circular (Fig. 7a). Same small
inclusions stained dark blue with CHP as in the neurosecretory cells
appeared scattered in the cytoplasm of the paired anterior lobes, espe-
cially near the aorta. In some sections, the dark blue granules coming
from the brain neurosecretory cells are collected in the anterior lobes,
which are neurohaemal crgan. There was no indication about the
secretion of the posterior CC. :

Corpora Ailata

The corpora allata are paired ellipsoidal bodies. They were located
on both side of eosophagus, and ventral to the CC (Fig. 2). The CA were
connected to the CC by the NCA-I (Fig. 7b) and it was also possible to
see nerves emerging from the posterior side of the CA (Fig. 8b), exten-
ding to the suboesophageal ganglion. The axons of NCA-I can be follo-
wed into the central region of the CA. Stainable material was observed
neither in the axons of these nerves nor in the cells of the CA.
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Fig. 7. Section through anterior and posterior C. cardiaca (a). 70x. C. cardiaca and its connee-
' tion with C. allata (b). 50x.

The corpus allatum showed a syncytial structure. It was sometimes
possible to distinquish cell boundaries (Fig. 8a, b). The CHP stained the

Fig. 8. The female (a) and male (b) corpus allatum. 100x.
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nuclei in blue violet. The nuclei of the gland cells were round and some-

times ellipsoidal.

In sections, it is possible to see the size difference between the fema-
le (Fig. 8a) and the male (Fig. 8b) corpus allatum which is correlated
to bedy size.

DISCUSSION

In the study of peurosecretory system, the total staining has been
proved to be very useful, particularly in insects (DOGRA, 1967; AWAST-
HJ, 1972; TOPCUOGLU, 1972). By total staining in A. bicolor the medi-
an and lateral neurosecretory cells and their emeirging axons in the bra-
in were not seen, In. L. m. migraiorioides whick was stained at the same
time as A. bicolor to test the staining technique, the areas in question
were seen. Histochemical investigation of the neurosecretory product
of the pars intercerebralis of 15 species of insect belonging to 9 different
order was proved by Arvy and Gabe (1962). They claimed that the
median neurosecretory cells were different biochemical structure in dif-
ferent pterygote species and that there was a stain proof strong tissue
around the neurosecretory cells in certain species. Indeed, the staining
of the parts of the NCC-T other than its brain with the same method
supports the idea that there is a stain-proof tissue around them. From
this observations, it is obvious that the PAVB reactivity of the neure-
secretory cells in Metochus uniquitatus is of different biochemical st-
ructure (AWASTHI, 1673).

It is known that the amount of the neurcsecretory material in the
brain varies according to the physiological states of the insect (HOF-
MANN, 1970) and the NCC-I transports the neurosecretory material
coming to the CC. Supporting this idea, the deusity of the neurosecretory
material in the CC varies in A. bicolor which are fixed at different times
of a day, and the parts of NCC-T exiended out of the brain in some pre-
parations fixed probably at times, when there is no transport, were
not stained.

The neurosecretory cells in the Lead region of the female and male
A. bicolor are found in the protocerebrum, deutocerebrum and tritoce-
rebrum. There are a number of neurosecretory cells scattered at the perip-
hery of the protocerebrum (especially in the median, lateral and ventro-
medial regions) as in Periplanata americana L. (KHAN and FRASER,
1962). It is thought that the location and apperarance of these cells are
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similar to those cells which are found in Anacridium aegyptium, Acheia
domesticus, Melanogryllus desertus (GELDIAY, 1973). Melanoplus san-
guinipes (DOGRA and EVEN, 1970j.

Some authors showed the different types of neurosecretory cells
by their variations in size and selective stainability with AF and CHP
(NAYAR, 1955; EVEN, 1962). Nayar (1955) classified the neurosecre-
tory cells into “A”” and “B” types, and later Johannsson (1958) and High-
nam (1961) divided the cells into four types. But in A. bicolor only one
type is recognizable. These stained blue or blue-black with CHP. Ho-
wever, in Anacridium aegyptium (GELDIAY, 1967), Acheta domesti-
cus (GELDIAY, 1973) and Galeruca tanaceti L., (SIEV, 1965) they can
be distinguished by the use of CHP.

On histological ground there is much evidence to support the idea
that the cells I have described above are indeed neurosecretory. Howe-
ver, the failure of CHP to selectively stain the cells has been considered
in most other insects (ARVY and GABE, 1962; HIGHNAM, 1962;
AWASTHI, 1976).

The morphology of the brain of A. bicolor is similar in general or-
ganisation to the descriptions given for other orthoptera (NESBITT,
1941; WILLEY, 1961).

As has already been stated, the corpora cardiaca are structually
similar to their counterparts in Locusta migratoria and Schistocerca
gregaria (HIGHNAM, 1961) and Melanoplus sanguinipes (DOGRA and
EVEN, 1970) in that they are histologically divisible into two regions.
Mason (1973) has shown in Schistocerca vaga, the fibers of the NCC-I
and mainly in the anterior region of the CC. It is this region of the CC
that serves for the storage of neurosecretory material from the brain,
This is most probably true of A. bicolor since material with similar sta-
ining properties was observed in the NCC-I and in this region of the CC.

In general CA of A. bicolor are similar, histologically to the CA of
other ortheptera (MENDES, 1948; JOLY, 1968). Neurosecretory materi-
al, at least, at the light microscope level, was never observed in the cells
of the CA or along the axons of the NCA-I and the NCA-II, although
other authors have reported stainable material in these regions of other
species (SCHARRER, 1964; AWASTHI, 1968). In A. bicolor, as in Sc-
histocerce vaga (MASON, 1973) the NCA-II connect the CA to the subo-
esophageal ganglion.
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ABBREVIATIONS

AO : Aort

AX : The cross of axons
C : Cytoplasm

CA : Corpora allata

C. allatum :

CC

Corpus  allatum

: Corpora cardiaca

C. cardiacum: Corpus cardiacum

CHP
coO

D

DINC
Gr

HG
LNC
MNC

N
NCA-T
NC-ATX
NCCX
NCC-1I
OL
OLNC
P
PAVB
S0G

T

TNC

: Chrome hematoxylin phloxine

: Connective

: Deutocerebrum

: Deutocerebrum neurorsecretory cells

: Granules

: Hypocerebral ganglion

: Lateral neurosecretory cells
: Median neurosecretory ceils
: Nucleus

: Nervi corporis allati-{

: Nervi corporis allati-I1

: Nervi corporis cardiaci-1

: Nervi corporis cardiaci-II1

: Optic lobe

: Optic lobe neurosecretory cells
: Protocerebrum

: Performic acid victoria blue
: Suboesophageal ganglion

: Tritecerebrum

: Tritocerebrum neurosecretory cells
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