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ABSTRACT

The anatomy and the histology of the brain and the retrocerebral endocrine glands of the 
adult P. turionellae have been studied by staining technigues such as chrome haematoxyİin ph- 
loxine, paraldehyde fuchsin and performic acid victoria blue. Three types of neurosecretory cells 
were observed in the brain. They were named as Type-I, Type-II and Type-III. The neurosecre­
tory granules, which were stained dark purple with paraldeyde fuchsin, were present only in the 
Type-I cells. The same neurosecretory granules were also present in the nervi corporis cardiaci, 
the corpora cardiaca, and the corpora allata. It was thought that the neurohaemal organ was 
the corpora cardiaca and some of the neurosecretory material directly passed into haemolenph 
because of the fact that the amount of the neurosecretory material in the corpora cardiaca was 
never as abundant as in the nervi corporis cardiaci.

The illustrations correlated with the histology of the brain and the retrocerebral endocrine 
glands of the adult P. turionellae are presented in the paper. The different types of celi in P. 
turionellae are compared with the neurosecretory cells described in other species.

INTRODUCTION

The neuıoendocrinc systeın of the insects consists of brain, CC, 
CA, suboesophageal ganglion, thoracic and abdominal ganglions. The 
nerve cells with secretory aetivities shown by specific staining techni- 
ques (GOMORI, 1950; DOĞRA and TANDAN, 1964; DELPHIN, 
1966) are called “neuroseeretion celi”. Neurosecretory cells are identified 
in various parts of the Central nervous system (ARVY and GABE, 1962), 
The neurosecretory cells are in two distinct groups in the pars intercereb- 
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ralis of the protocerebrum of the brain (DOĞRA, 1967). The fiıst group 
is the median neurosecretory eells. This group has been the subject of
many researches (HIGHNAM, 1961; STRONG, 1965a). The axons
of the eells leave the median group together as two axon clusters They 
pass the brain transversely, eross each other in it, leave the brain as ner­
vi corporis cardiaci and enter the anterior corpora eardiaca (STRONG, 
1965a; DOĞRA, 1967; PEACOCK and ANSTEE, 1977; KHAN et al., 
1984). The other group is lateral neurosecretory eells. In some species 
this group has never been determined (THOMSEN, 1954; AWASTHI,
1973). The neurosecretory eells are also present in other parts of the
brain. They aıe located in the ventral part and optical basement of the 
protocerebrum, in the deutocerebrum and in the tritocerebrum (HIGH- 
NAM, 1961; CREDLAND and SCALES, 1976).

The neurosecretory eells are classified into various types. One of 
the criteria in this classification is the difference in colour of cytoplasm
and granules of these eells although the same staining technique is app-
lied (DOĞRA, 1967; AWASTHI, 1976; PEACOCK and ANSTEE, 
1977).

The suboesophageal ganglion is located in the ventro-posterior of 
the brain and eonnected to the brain by a pair of conneetives. In some 
insects, these nerves are extremly short and the suboesophageal ganglion 
is merged into the tritocerebrum by taking the oesophagus between the 
brain and itself (THOMSEN, 1954; NAYAR, 1955; AWASTHI, 1973). 
The neurosecretory eells are also identified dorsal, ventral and lateral to 
ganglion (FLETCHER, 1969; CREDLAND and SCALES, 1976).

Corpora eardiaca are located ventro-posterior of the brain and the 
hypocerebral ganglion is just ventral to it (PEACOCK and ANSTEE, 
1977). Insome insects, this endocrine gland is a neurohaemal organ, sto- 
ring the neurosecretory material coming fıoın the neurosecretory eells 
of the bıain (ARVY and GABE, 1962; FRIEDEL and LOUGHTON, 
1980). Another endocrine gland eonnected to the corpora eardiaca is
corpora allata. The corpora allata are eonnected to the corpora cardi-
aca by a pair of nerves, nervi corporis allati-I and to the suboesophageal 
ganglion by another pair, nervi corporis allati-II (HOFFMANN, 1970; 
PEACOCK and ANSTEE, 1977; ÖZLÜK, 1991).

If the literatüre on the neurosecretory system of the insects is 
examined, very few studies are seen on Hymenopterian species. The usa-
ge of Hymenoptera, which uses many parasitic Lepidopterian species
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as a hoşt, as a biological control agent increases the importance of these 
species day by day (ROSEN, 1986). In this study, endoparasitic Hyme- 
nopteıian species P. tuionellae has been studied morphologically and 
histologically due to the lack of studies on the cerebral neursendocrine 
sysiems and that the production of this species in the laboratory con- 
ditions is practice. Therefore this study could be a prehminary base
for further physiölogical and electron microscopic researehes in this 
Species.

MATERIAL AND METHODS

This study was carried out by using the adult males and females of 
P. turionellae. The continuity of the stock culture was maintained by fee- 
ding the larvae with great wax moth, Galleria mellenolla pupae and the 
adult ones with 50 % honey solution and pupae. The experinıental in- 
sects ■vvere kept in fenced cages in the dimensions of 25 X 25 X 25 cm. 
after they developed from the pupae as adults. They were fed with cotton 
pieces with 50 % honey solution placed at the base of their cage. Apart 
from that, every insect was given a pupae every two days in order to 
satisfy their hoşt haemolenph needs. Ali of the photographs in the study 
were obtained from the paraldehyde fuchsin-stained preparates.

Dissection and Histological Techniques

The remaining parts of P. turionellae, after its mouth parts, eye
cutin and antennae had been cut out, were placed in a petri dish conta-
ining physiological şaline solution. The cutin just above the head was cut 
completely by the help of sharpened tongs and dissection needles under 
the binocular stereomicroscope. The surrounding tissues of the brain 
left intact in order to obviate the separation of corpora cardiaca 
and corpora allata from the brain. The dissected oıgans were kept in 
Bouin’s fixator for 12-18 hours and washed ■with 70 % alchol. The paraf- 
fihblock proceduıes of the organs were carried out by means of the known 
method. In order to complete these procedures, 7 micron thick cross- 
sections were obtained from these blocks by using the rotary microtome. 
These sections were stained with either paraldehyde fuchsin (GOMORI, 
1941) or chrome haematoxylin phloxine (GOMORI, 1950). Apart from 
that, ten insects weıe stained •with performic acid Victoria blue total sta- 
ining technique (DOĞRA and TANDAN, 1964). The abbreviations for 
figures and text have been shown at the end of the Acknowledgement.
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RESULTS

The General Anatomy of the Brain and the Endocrine Glands

The brain of P. turionellae consists of three parts; protocerebrum, 
deutocerebrum and tritocerebrum. There are two large optic lobes for- 
med by the combination of combined eyes at the both sides of the proto­
cerebrum. Deutocerebrum is easily distinguishable and has two big lo­
bes closely located to each other where antennae nerves come. On the 
contrary, tritocerebrum is not easily distinguishable. Both the tritocereb­
rum and the suboseophageal ganglion surround the oesophagus comp- 
letely. Since the nerve between these two parts is extremly short, they 
appear to be merged to each other. The joint line between these two parts
is not clearly seen due to this merged situation; thus, suboesophageal
ganglion appears to be a lobe of the brain (Fig. 1, 6b).

The corpora cardiaca and the corpora allata are present in the part
■wheıe oesophagus enters the brain. The corpora cardiaca are elongated
structures lying ventral to the brain and dorsal to the oesophagus. The 

OPIIC lOBB

mervi corporis cardiaci

- CORPORA cardiaca
- aorta
CORPORA ALLATA
OESOPHAGUS

SUBOESOPHAGEAL GABGLIOH

Fig. 1. A diagram of the brain, retrocerebral endocrine organs and suboesophageal ganglion sho- 
wiug the position of the neurosecretory cells. The arrows indicate the pathways along whieh 

neurosecretory material is transported.

^-Type-I celi 
®-Type-!I celi 
® -Type-llI celi
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corpora eardiaca suıround the aorta and the oesophagus completely 
(Fig. 1, 8). The nervi corporis cardiaci between the brain and the corpo­
ra eardiaca are only apparent in the histological seetions because they are
extremly short. The corpora allata are paired, almost spherical bodies
which lie on each side, ventio-posterior to the corpora eardiaca (Fig. 1 9
3b, 7, 8). Their nervous conneetions with the corpora eardiaca are only 
observable in some seetions (Fig. 3b, 7, 8). The recurrent nerve can be 
seen in seetions. When this nerve, located between the aorta and oesop­
hagus, is followed, it can be observed to become slightly thicker between 
the corpora eardiaca.

There obtained no satisfactory result tvith the total staining teeh- 
nique used for the determination of the neurosecretory cells and their 
nerve pathways in the brain. The brain tissue was stained a transpa- 
rent blue colour. There are no differences between the anatomy of the 
males and the females. ■

Histological Staining

The series of seetions were obtained and subjected to ehrome hae- 
motoxylin phloxine and paraldehyde fuchsin staining techniques. The 
latter teehnique was föund to give better lesults. In the seetions stâined 
with ehrome haematoxylin phloxine, the brain tissue was stained light 
pink and the cytoplasm of neurosecretory cells stained dark blue. Altho­
ugh it was possible to observe the cells had different size, the stainability 
of the cells showed no significant difference with this technique. On the 
other hand, the brain tissue was stained light green with paraldehyde 
fuchsin. In this staining technique, the neurosecretory cells were stained 
different colour and their granules became visible. These cells were di- 
vided into three different groups according to their colours and granu­
les. These cells were called Type-I, Type-II and Type-III neurosecretory 
cells.

Type-I Neurosecretory Cells

This type of cells were readily observable in seetions because their
cytoplasın was stained light purple and their granules were stained dark 
purple with paraldehyde fuchsin. The density of granules in the cytoptlasrü
varied arnong the adjacent cells so much so that it could be observed
even homogenous purple coloured cells whose cytoplasm were filled coıpp'
letely with granules. There were 12-16 cells and they were observpd İP
the pars intercerebralis of the protocerebrum (Fig. 2a, 6a). In addition 
to these, there were one or two cells in the lateral of the protocerebrum
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(Fig. 2b, 3a) and two or three cells in the ventral of the suboesophageal 
ganglion (Fig. 2c, 3b).

r İr

Fig. 2. Typc-I neurosecretory cclls in the pars intercerebralis (a), laterul (b) of the protocerebrum 
and in the ventral of the suboesophageal gangıion (c). Note the axonal position of the neurosec­
retory material in the celIs (-») and diseharge of the neurosecretory material (->). 250 x.

i»
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Fig. 3. Type-I neurosecretory cells in the lateral of the protocerebrum (a) 25x. and Central of 
the suboesophageal ganglion (b) 25x. Note the CC-CA coplex.
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Type-II Neurosecretory Cells

The eytoplasm of these cells tvas stained light green with paral­
dehyde fuchsin. The scattering of the granules, stained light purple.
in the eytoplasm of these cells was homogenous; however, it was obser­
ved only by high magnification (Fig. 4). This type of cells w ere obser­
ved in median, lateral and ventral the protocerebruf, and in the vent-
rai and the lateral of the suboesophageal ganglion (Fig. 2c, 4, 5).

ol

Fig. 4. Type-II neurosecretory celi in the pars intercerebralis of the protocerebrum. 1000x.

Type-III Neurosecretory Cells

The eytoplasm of these cells was clearly stained brilliant dark green
with paraldehyde fuchsin. They w ere located in both lateral of the proto­
cerebrum, just above the brain tissue and a littie bit deeper than the ty- 
pe-I neurosecretory cells were. This type of neurosecretory cells in cont- 
rast to other types were present as groups containing 8-10 cells adjacent 
to each other taking other types of cells among thern (Fig. 5).

Nervi Corporis Cardiaci

The neurosecretory cells of P. turionellae are unipolar nerve cells. 
The fact that the granules, also present in the axons of these cells, 
stained dark purple in the eytoplasm of Type-I neurosecretory cells with 
paraldehyde fuchsin makes the observation of the axons much easier 
(Fig. 2a). The axons coming from the Type-I median neurosecretory
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Fig. 5. Type-II and Type-III neurosecretory cells in the lateral of the protocerebrum. 130x.

r 'A

cells become narrower towards the ventral of the protocerebrum. These 
narrowed avons procede as two thin lines towards the ventral part. The­
se two clusters of axons are observed to mix each other at the ventral 
of the protocerebrum (Fig. 6a). This part is swollen due to large amount 
of dark purple stained granules and it is qui.te difficult to decide whether 
the axon clusters eross each other or not due to its dark staining (Fig. 
6a). The distance which nervi corporis cardiaci cover in the brain be- 
comes much clearer in sagittal seetions. In these seetions the axons co­
ming from the Type-I median neurosecretory cells are seen to eross the
brain by forming an arc (Fig. 6b). It is observed that when the Type-I
median neurosecretory cells consist abundant amount of neurosecretory 
material, there also observed abundant neurosecretory material in the 
nervi corporis cardiaci. In some preparetes there observed granules 
both out and inside the nervi corporis cardiaci in the brain tissue. The 
shapes and the sizes of these granules, present in the nervi corporis car-
diaci and stained the 1same coîour İlke Type-I neurosecretory cells, are
different. There observed large granules as well as immeasurable
small ones. The diameter of the largest granule was measured to be 5,93 
mieron.

Corpora Cardiaca and Corpora Allata

Corpora cardiaca are eonnected to the brain with the nervi corporis 
cardiaci just ventro-posterior to it. The axons get sparsed and fiil the
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Fig. 6. Pars intercerebralis of protocerebrum, showing two groups of median Type-II neurosec­
retory cells. Arrow indicates the mixing of two axons clusters and it is quite difficult to decide 
whether the axons clusters across each other or not 100(a).x. The NCC pathv/ay in sagittal sec- 

tion of the brain (b). 100x.

1
CA

i' *
1

M
Fîg. 1. The neurosecretory material within the posterior corpus cardiacum. 670x.
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çenter of the gland after they leave the nervi corporis cardiaci and enter 
the corpora cardiaca. The material. stained dark purple wil h paraldehyde
fuchsin staininj.0'.■S’
the gland. The granules

consists of big and small granules whiclı do not fiil
are generally located in the anterior of the cor­

pora cardiaca, and posterior of the corpora cardiaca where it is connected 
to the corpora allata (Fig. 7) and in the dorsal surface of the corpora 
cardiaca looking towards the aorta (Fig. 8). The corpora cardiaca are 
stuck to the ventro-medial part of the corpora cardiaca (Fig. 1, 8). Each
gland consists of about 16-18 cells. In some sections the celi boundary is
clearly visible. The celi nuclei are similar to celi structure and have oval
or spherical shape. There are neurosecretory granules similar to ones
observed in Type-I neurosecretory cells in the middle of the gland (Fig. 
8). The nervous connection of the corpus allatum v.iih the corpus car- 
diacum is observable in some sections.

■i

S:;

i

■ ■« 4» •

Fig. 8. Sagittal section of the corpus allatum that demonstrates the presence of PF-stained gra­
nules (arrow) within the corpus allatum. 400x.

DISCUSSION

The brains of mature P. turionellae females and males are like the 
general plan of the brains in other pterygote insects. The merged situ­
ation of the tritocerebrum and the suboesophageal ganglion in P. turio- 
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nellae \vas also demonstrated in some insects (NAYAR, 1955; GANA­
GARAJAH, 1965; HOFFMANN, 1970; SINGH and SRIVASTAVA, 
1974; CREDLAND and SCALES, 1976). Thomson (1954) explained the 
histology and the morphology of the endocrine organs in seven different 
species of Hymenoptera. This worker stated among the species he stu- 
died, that only the hypocerebral ganglion of Megachile cinta was for- 
med by the accumulation of several cells. The histological and morphclo- 
gical struetures of the brain and the retrocerebral endocrine glands of 
P. turionellae show a great similarity to those of Hymenoptera species 
studied by Thomsen (1954).

Total staining method was used to slıow the location of the endoc- 
rine centers by staining the secretory material in the neurosecretory cells 
and their axons (DOĞRA, and TANDAN, 1964; DOĞRA, 1967; AWAST- 
HI, 1972). But when this method was applied to P. turionellae, the me­
dian and lateral neurosecretory cells and their axons in the brain were 
not seen. This may be either due to the difference of the histoehe- 
mical nature of secretory material in different insect species, or due to 
the fact that in some insects the neurosecretory cells and their axons are 
covered -vvith a astrong tissue impermeable to the stain (ARVY and GA­
BE, 1962).

The ehrome haematoxylin phloxine and the paraldehyde fuchsin 
staining techniques developed by Gomori (1941, 1950) have been the 
most freguently used techniques in order to show the neurosecretory 
cells of insects. In the opinion of some workers, the ehrome haematoxy- 
1in phloxine was not very successful in the segregation of various types 
of neurosecretory cells in some insects (ARVY and GABE, 1962; JOHN­
SON, 1963; AVASTHI, 1976; CREDLAND and SCALES, 1976; ÖZ­
LÜK, 1991). When both techniques were applied to P. turionellae, 
only satisfactory results were obtained with paraldehyde fuchsin. Thom­
sen (1954) used only ehroma haematoxylin phloxine in. his studies, but 
he stated that this staining techn’que was not very successful in staining 
the neurosecretory material. The neurosecretory cells in the brain of 
P. turionellae were stained in different colour with the paraldehyde fuch-
sin. The Type-I neurosecretory cells of P. turionellae are like the A-Ty-
pe of Nebria brevicollis (GANAGARAJAH, 1965), Dysdercus koenigii 
(DOĞR A, 1967), Lahidura riparia (AWASTHI, 1976), Jamaicana flava 
PEACOCK and ANSTEE, 1977) and the Type-I of Balps mucroanta 
(FLETCHER, 1969) in respect of their stainability with the paraldehy­
de fuchsin. In some seetions of P. turionellae there observed one, two or 
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threc Type-I neurosecretory cells in the lateral of the protocerebrum and 
in the ventral of the suboesophageal ganglion respectively. The A-Ty- 
pe neurosecretory cells, which show the same stainahility as in the Ty- 
pe-I cells of P. turionellae, were shown to be located in the same sites 
of the brain of Pterostichus nigrita in the same numbers (HOFFMANN, 
1970). In addition to this, Fletcher (1969), Awasthi (1973), Cıedland and 
Scales (1976) stated that there were the same type of cells in the suboe­
sophageal ganglion of B. mucronata, Metochus uniguttatus, and Chirono- 
rnus riparius.

The Type-II neurosecretory cells of P. turionellae are similar the B- 
type neurosecretory cells of P. nigrita (HOFFMANN, 1970) and C-Type 
of J. flava (PEACOCK and ANSTEE, 1977) in regard to their stainabi- 
lity with paraldehyde fuchsin. The fact that the granules in the Type-I 
cells are observed in very small numbers in same cells of P. turionellae 
makes one think that these cells are converted to Type-II neurosecretory 
cells. The neurosecretory cells ’n the median of the protocerebrum of
Synagris cali da (THOMSEN, 1954) are similar to Type-I and Type-II
neurosecretory cells of P. turionellae. But, Thomsen (1954) did not de­
fine them as different celi types and he claimed that they might be the 
various stage of secretory activity of the same cells.

The Type-III cells of P. turionellae, located in the lateral of the pro-
tocerebrum, whose cytoplasm -vvas stained brillant d ark green with pa- 
raldehyde fuciısin, are similar to the Type-lI neurosecretory cells of D. 
koenigii (DOĞRA, 1967), P. nigrita (HOFFMANN, 1970), L. riparia 
(AWASTHI, 1975) and E. annulipes (AWASTHI, 1976) with respect 
to their stainahility. Ganagarajah (1965) did not encounter the lateral 
neurosecretory cells although he used the same staining technique. 
Thoinsen (1954) stated in his study, in which he examined seven dif­
ferent species of Hymenoptera, that there were no such cells. But he 
used the chrome hamatoxylin phloxine, which is not very satisfactory as 
a staining method (JOHNSON, 1963; AWASTHI, 1976; ÖZLÜK, 1991).
However, the Type-III cells of P. turionellae were clearly different cells
from the Type-I and Type-II neurosecretory cells, because of their dif­
ferent staining characteristic with the paraldehyde fuchsin.

The nervi corporis cardiaci-I and II axons Corning from the median 
and lateral neurosecretory cells of the protocerebrum were observed in 
many insects (GANAGARAJAH, 1965; HOFFMANN, 1970; AWASTHI, 
1976; ÖZLÜK, 1991). The fact that there is no nervi corporis cardiaci- 
II in P. turinoellae and the situation in other studied Hymenoptera
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(THOMSEN, 1954) show great resemblance. Whether the nervi corpo­
ris cardiaci cross each other in the brain of P. turionellae or not is not 
clear. These contrasting situations were observed in some other insects
as well (THOMSEN, 1954; GANAGARA.JAH, 1965).

It was stated that the neurosecretory material secreted by the neu-
rosecretiry cells of the protocerebrum was stored in different neuroha­
emal organs and given into haemolenph. Although the corpora cardia-
ca were generally shown as a
BE, 1962; FRIEDEL and LOUGHTON, 1980)

the neurohaemal organ (ARVY and GA-
some workers claimed

the aorta wall as the neurogaemal organ (AWASTHI, 1976; JUBERT- 
HIE and CAUSSANEL, 1980). Awasthi (1973) showed the aorta wall 
as neurohaemal organ in M. uniguttatus and also stated that some of 
the neurosecretory material passed from nervi corporis directly into ha­
emolenph without going to neurohaemal organ. It was thought that the
neurohaemal organ in P. turionellae was corpora cardiaca and some of
the neurosecretory material directly passed into haemolenph because 
of the fact that the amount of the neurosecretory material in the corpo­
ra cardiaca was never as abundant as in the nervi corporis cardiaci.
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ABBREVIATIONS FOR FIGURES AND TEXT

A
CA 
CC
D
NCC
O 
p 
SOG
T
T-I 
T-II 
T-III

: Aorta
: Corpora allata
: Corpora cardiaca
: Deutocerebrum
: Nervi corporis cardiaci
: Oesophagus
: Protocerebrum
: Suboesophageal ganglion
: Tritocerebrum
: Type-I neurosecretory cells
: Type-II neurosecretory cells
: Type-III neurosecretory cells
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