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Introduction

In the recent past, the work on the structural details of the associated structures in the retro-
cerebral neuroendocrine complex has advanced tremendously. ’Lame fibrogliale® (CazarL, 1948)
or ’Cardiogliale’ (JUNQUA, 1956) or ’Carpus cardiacum’ was for long considered as the main neuro-
haemal organ for cerebral NSM. (NAYAR, 1956; EWEN, 1962; WiceLESWORTH, 1964 ; GUrTa, 1970).
But the latter workers, (DoGrA, 1967 a, b, 1969 ; SRIVASTAVA, 1970; AwasTHT 1973 a, b and FArUqQUI,
1974,1975a, b, 1977 a, b) have suggested, that it is the aorta and not CC that acts as a neurohaemal
organ for the NSC of Median group. NorMAN, 1965 and THOMSEN, 1969, in Calliphora erythrocephala
and AwASsTHI, 1972b, in Sarcophaga ruficornis have attributed the same function to the aorta in
insects.

In the present work an attempt has been made to work out the distribution of different types
of NSC in the brain, sub-oesophageal ganglion, transport of NSM and structural details of the
endocrine glands. These findings will be later on correlated with the various physiological and
behavioral aspect of this important pest insect.

Material and techniques

The adultsand the developing nymphs were collected in February—March. In situ
stained preparations were made with Performic acid-victoria blue technique — PAVB
(Docra & TAxDON, 1964). The histological preparations were made using, i. paralde-
hyde fuchsin- PF (Harker’s modification-pers. communication) ii. chrome alum-hae-
matoxyline-phloxine -CAHP, (GoMoRI, 1941), iii. alcian blue-phloxine, ABP, (SLOPER,
1957). The classification of NSC is based on the classification proposed by Gurra
& Faruqur (1984).

Observations

The morphological association of different structures are almost the same as describ-
ed for gymnoceretan Heteropterans (FARUQUI, 1975a, b). However the components
show the differences as described below.

a.Median Neurosecretory cells (MNC): These are the most conspicuous cells
located in the pars intercerebralis on either side of the mid line just below the peri-
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Plate I. 1—6: 1 — Section through pars-inter cerebralis medialis of B. hilaris, showing
MNC, (type A; & B,) (PF stain X 450). 2 — Lateral neurosecretory cells of B. hilaris
showing A, & B, type NSC. (PF X 450). 3 — Section brain of B. hilaris showing
median neurosecretory pathways. (CAPH X 450). 4 — Section through retrocerebral .
endocrine complex showing axons running along the margin of CC with NSM in the
aorta. (PF X 450). 5 — In situ preparation of endocrine- aorta complex of B. hilaris,
showing relationship and path structure of the axons. (PAVB x 100). 6 — Section
through pars-intercerebralis lateralis of B. hilarss showing lateral NSC (PF X 450).
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lemma and above the central body. There are about 5—6, A, type cells and 2—3, B,
cells forming a group of about 8 cells in each of the sides (Fig. 1). Average cell measure-
men‘olfitre- cell diameter 28 w, nuclear diameter 14 p. for A, type and 25 u—10u for type
B, cells.

These cells are noted in different stages of synthesis, secretion and storage. The
nucleus in these cells is centrally placed with varying amount of chromatin material.
The nucleus is large and marginal in position. The axons are conspicous and the paths
are traceable.

b. Lateral Neurosecretory cells: This group is located in the pars-intercere-
bralis lateralis of the protocerebrum. They are in group of 4—6 cells belonging to the
A, and B, type of NSC. They measure 26 u—12 . and 24 u.—10 y respectively in their
cell and nuclear diameters (Fig. 2).

The nucleus is centrally placed, but axonal or abaxonal positions are not very un-
common. The axons are not very conspicous and it is difficult to trace out their path-
ways.

These cells show definite secretory activity in late nymphal and adult stages of the
insect.

¢. Tritocerebral Neurosecretory cells: Few cells of B,, C and D are seen to
be scatterdly located in the tritocerebral region. They measure 26 p—12 u, 32 u—18
and 30 p.—15 p respectively in the diameter (cell-nucleus).

The nucleus is mostly centrally placed in these cells. Only the B, cells show secretory
activity. Axons are not traceable after a while.

d. NSC of sub-oesophageal ganglion: Two very prominent cells stainable
with PAVB are seen lying on either side of mid line on the ventral surface (Fig. 6).
These cells are similiar to the A, cells of the median group in staining behaviour but
are smaller in size. They measure 20 .—7 w in cell, nuclear diameter. Both of these
cells give off one axon each, which are directed first towards the dorsal side and than
travel anterior wards. Few cells of C and D type scattered were also noticed.

e. The neurosecretory pathway: There are two distinct pathways, that carry
the NSIM elaborated from NSC to the neurohaemal organ and inturn to the target
organs. :

i. Median NS pathway (M N P) and Nervi corporis cardiaci I (NCCI)— The axons
of Median NSC converging to form the M N P. These pathways after running over a
very short distance cross over each other so that the axons of left lobe run on the
right side of proto and deutrocerebrum emerge out of brain from tritocerebrum as
Nervi corporis cardiaci I (NOC I) (Fig. 3). The NCC I after running free for a very
short distance enters the dorsal aorta. There is no connection axonal or otherwise
between NCOC I and the CC (Fig. 4). The axons after entering in the aorta gives off a
number of secondary axons which stores the neurosecretory material in form of
granules running some distance in the inner thick layer of the loose tissues of the aorta
(Fig. B).

ii. Lateral NS Pathway (LNP) and Nervi corporis cardiaci IT (NCC II) —: The
axons emerging out of the lateral groups of NSC join to form the LNP. These con-
verged axons travel the distance of the brain and emerge out of the brain from the
tritocerebrum on outer side of NOC IT. These axons are noticed to enter the corpus
cardiacum from the apical end on each side.

f. The endocrine glands: A pair of corpus cardiacum (CC) and a single corpus
allatum (C4) are seen lying ventro-lateral to the aorta and dorso-lateral to the gut.
The CC of the two sides get fused on the poterio-ventral surface at the point of at-
tachment with 0A4.
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i. Corpus cardiacum: Histologically the CC consists of three type of cells, namely
nerve cells, chromophobe cells and chromophil cells.

The chromophobe cells are irregular in shape with chromatin rich small nuclei.
They measure about 6—8 p. with a nucleus of about 3 p.

The chromophil cells are of two types on the basis of their size, arranged on the
periphery of the glands, both on the anterior and posterior side. They measure 18—20 y,
with a nucleus of 8 —9 y and 12—14 p. with a nucleus of 5—6 y respectively. The chro-
mophil cells show definite changes in nuclear size as also accumulation of the granular
material in the cytoplasm. These cells stain intensely purple with PF but are phloxi-
nophilic with CAHP.

The CC thus secretes its own hormone along with storing secretion of the LNC,
(Fig. 4).

ii. Corpus allatum (CA4):It is a bilobed structure at the posterio-dorsal part of CC.
Histologically it is seen to consist of a single type of cells which measure between
10—14 . with a nucleus of 6—7 u. These cells have distinct cell boundries with a
centrally placed nucleus, varying amount of chromatin material is noticed in the
nuclei. The cytoplasm is acidophillic. Secretory granules are seen in the cytoplasm
around the nucleus.

g. Innervation of the endocrine glands: The CC is clearly seen to have re-
ceiving axons of NCC II. These are seen running in the intercellular spaces of the
gland. The axons of NCC I are however seen to run attached to this gland but do not
penetrate. They are however seen in the CA along with the axons of NCC IT which
enter the gland via nervi corporis allati (NCA).

Discussion

The retro-cerebral neuro-endocrine complex of Bagrada hilaris, as a whole falls in
general pattern described for other Heteropteran insects (Dogra, 1967a, b; SRIVASTA-
va, 1970; Faruqur, 1974, 1975a, b, 1977a, b).

The median and lateral NSC are distinct groups in this insect and not like those
described for Cyclopelta siccifolia (FARUQUI, 1977a) in which both the groups lie very
close to each other to form a single group of cells. This position is in agreement with
those of other insects described by Saini, (1966, 1971).

The type of cells described in this insect is based on a new classification proposed
by Guera & FAruQuz (1984). Type A; and B, are present in the median group, type 4,
and B, in lateral group, B,, C and D in tritocerebrum group and A, in suboesophageal
ganglion, NAvAR (1955), EWEN (1962), Dogra (1967) and Guera (1970), have re-
ported two typesie. A and B cells in median group in Imphita limbata, Dysdercus
koenigii, D. stimilis. These cells are parallel to the present A; and B, cells as by their
staining characteristics. The presence of lateral group of NSC is seen in the Dysdercus
similis, GUPTA (1970), Leptocorisa acuta, FARUQUI (1975a) as has been observed in the
case of Bagrada hilaris. However these cells are reportedly absent in some insects like
Belostoma, indica, DoGra (1969), Halys dentatus (SRIVASTAVA 1970), Nezara viridula,
Metochus uniguttatus and Sphaerodema rusticum (AwAsTHI 1972a, 1973a, b).

The neurosecretory pathways i. e. NCC I and NOC II are separate structures all
along in this insect, like those seen in case of Dysdercus similis (GupTA 1970), Nezara
viridula (AwAsTHI 1972a). The presence of NCOC III (Ranatra elongata, DocrA 1967b),
is not noticed in Bagrada hilaris. Similarly, fusion of paracardiacum internus (NOC I
& IT of the present case), lie in form of a common structure as described by CazaL
(1948) and BeNwiITz (1956) is not seen in this insect.
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The axons of NOC I terminate in the aorta after forming a network as seen in other
gymnoceretans, Nezara viridula (Awastar 1972a), Leptocorisa acuta, Cyclopelta sicci-
Jolia, Rhodnius prolizus (FAruQul 1975b, 1977a, b) and Oncocephalus sp. (GHOSH &
FarvuqQur 1977). In case of cryptoceratans, the axons are reported to run parallel to
each other (FaArRUQUI 1974, 1975Db).

The aorta is seen to serve as the neuro-haemal organ for median cells NSM in this in-
sect as has been reported in other Heteropterans by SESHAN and ITTycHERIAH (1966),
Docra (1967a, b), SRIvasTAVA (1970), AwasTHI (19724, b, 19734, b), FARUQUI (19754,
b). The lateral cells NSM is transported and stored in CC like that reported in Lepto-
corisa acuta and Cyclopelta siccifolia (FARUQUI 1975Db, 19773).

Morpho-histologically the endocrine glands in Bagrada hilaris are similar to that
described for Cyclopelta siccifolia (FARUQUI 1977). The chromophilic cells of OC shows
secretory activity and intrinsic secretion as also stated by SCHARRER (1963), Novak
(1966), Smrra and Smrta (1966), FaArRUQUI (1974, 1975a, b). The CA cells also shows
secretory cells and variable amount of secretory granules with in the cells. The A cell
NSM seen in the intercellular spaces of the gland seems to act as raw material for the
production of allalotropic hormone (Sarnt 1971).
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Zusammenfassung

Bagrada hilaris BURM., ein verbreiteter Schidling auf Kreuzbliitlern, wurde mit histologischen
Methoden und mit in situ Firbung eingehend auf Verteilung und Typen von neurosekretorischen
Zellen (NSC), auf neurosekretorische Bahnen (NSP), auf Speicherorgane und auf endokrine Drii-
sen untersucht. Der Pars intercerebralis des Gehirns besteht aus zwei Gruppen von NSC in jedem
Lappen, die mediale und die laterale Gruppe bestehen aus verschiedenen Typen von NSC. Das
Tritocerebrum des Gehirns enthilt auch einige neurosekretorische Zellen. Das Sekret (NSM) der
medjalen Gruppe wird von NCC I zur Aorta transportiert, die als neurohimales Organ fiir dieses
Sekret dient, wihrend, das NSM von den lateralen Zellen von NCC II zur Aorta gebracht wird,
die als neurohdmales Organ fiir dieses Material wirkt. Zwei den medialen Zellen #hnliche NSC
wurden im subésophagealen Ganglion festgestellt. Das Sekret dieser Zellen wird zur Aorta trans-
portiert. Die histologischen Einzelheiten der endokrinen Driisen, d. h. CC und. C4, werden eben-
falls erértert. Thre Verbindung miteinander und mit den NSC wird beschrieben.

Summary

Bagrada hilaris Burm., a common pest of cruciferous plants has been studied for the distribution
and types of neurosecretory cells (NSC), the neurosecretory pathways (NSP), storage organs and
the endocrine glands in detail using histological and, in situ staining techniques. Pars intercerebralis
of the brain consists of two groups of NSC on each lobe-median and, lateral group consists of
different types of NSC. The tritocerebrum of brain also contains some neurosecretory cells. The
secretion (NSM) of the median group is carried to the aorta by NOC I which serves as the neuro-
haemal organ for this secretion whereas the NSM from, the lateral cells is carried to the corpora
cardiaca by NCOC II, which functions as the neurohaemal organ for this material. Two NSC
similar to the median cells are observed. in sub-oesophageal ganglion. The secretion of these cells
is transported to the aorta. The histological details of endocrine glands i. e. OC and CA4 is also
discussed. Their association with each other and NSC is described.

Pesmome

C IOMOIIBI0 TMCTOJNOTHYCCKUX METOOB ¥ OKDAIUMBAHMA in situ MOXPOGHO WByUeH
Bagrada Iilaris BurM.,, IIHpOKO PACIPOCTPAHEHHBI BPENUTENb HA KPECTOIBETHEIX, OT-
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HOCHUTEJIBHO €ro PACIpEeNeJeHUs W THUIIOB HEXPOCEeKPETOPHBIX KJIIETOR (NSC), metipo-
ceKperopHBIX Iosioc (NSP), samacamoIuX OPraHOB M SHIOKPUHHLIX jHeJjes. Pars in-
tercerebralis Mo3ra cocTouT u3 ABYX rpyun NSC B Rammoll HOJW; MefualbHAA W JjlaTe-
pasnbpHasg CPYIINBl COCTOAT U3 PasHBIX TUIIOB NSC. B Tritocerebrum Mo03ra HaXOTUTCS
TaKKe PpAL HeWPOCEKPEeTOPHBIX KiIeToK. Cexper (NSM) memuaJbHOM TIDYIIBL Iepe-
Memaercsa ¢ nomomnpio NCC 1 & aopTte, KOTOPAsA CIIYKUT HeHPOreMalbHBIM OPraHoM HJifd
3TOT0 ceKpera, a NSM jaTepalbHBIX KIETOK IepeMellaercs ¢ I0MOINbI0 NCC 11w aopre,
KOTOpAasl CIIY:KUT HeifporeMasibHBIM OPTAaHOM JLJIS 9TOT0 MaTepHala. VcTaHOBIEHBl [Be
CXONHBle MemuaibHEM Hierkam NSC B cyGosodpareampHoM ranriame. Cexper 3TUX
KJIEeTOK IepeMemaercs K aopre. OOCY/IAIOTCA TaKiKe I'UCTOJIOTHIECKHIE XETANU SHI0-
KPUHHBIX skesnes, T.e. CC u CA. OnuceBaeTCsA UX CBA3L APYT ¢ APYroM 1 C NSC.
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