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Abstract. Neurosecretory cells occur in groups, medially, dorsally, dorsolaterally,
laterally and midventrally, in the protocerebrum and tritocerebrum of adult
Poekilocerus pictus, Mid-brain is devoid of such cells. On the basis of staining
reactions the NS cells have been differentiated into A and B types. The median
group consists of about 50-55 A and 30 B cells lying on either side of the midline in the parsintercerebralis. The other parts of the protocerebrum and tritocerebrum are filled with only B cells. Scant NSM is found in the NS cells of
freshly moulted adult. Synthetic activity increases with age and after about 5 Or
6 days the cells contain deep staining secretory vesicles.
Treatment of 1-6 day old P. pictus with DDT for different periods showed that
short incubation of 24 hr triggers the synthetic activity of NS cells, but
prolonged incubation of 72 hr leads to a total depletion of NSM and to disruptive
changes, like undulation of cell wall, cell shrinkage and ultimate cellular disruption.
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1.

Introduction

Extensive literature is available on the morpholoy and histology of the neurosecretory system, but few workers have studied the changes in these cells induced
under chemical stress (Matsuzawa 1964; Masner et at 1970 ; Ghosh et al
1968 ; Nanda 1970; 1973, 1974; Voitkevitch and Leonova 1964).
While studying the effect of tranquillizers at the level of brain nucleoprotein
in Periplaneta americana, Ghosh et at (1968) reported a patchy condition of
cytoplasm, vacuolation in cell perikarya and undulation of cellular membrane.
Nanda (1973) reported various grades of depletion such as marginal depletion
and accumulation of neurosecretory material in the neurosecretory cells of
P. americana.
In insects chemical insecticides are known to interfere with many physiological
and morphological functions. Ramade (1967) observed reduction of neurosecretory material in the brain neurosecretory cells of Musca domestica treated with
BHC. Prasad and Srivastava (1980) also studied the effect of BHC on neurosecretory cells of P. pictus. Such studies in insects are relatively few and not
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much is known about changes in cytoarchitecture or in the activity of NS cell
especially in relation to the period of exposure to the insecticide and age of the"
insect. The present investigation deals with cytomorphological changes caused
by DDT in the neurosecretory cells of brain of adult P. pictus.

2. Materials and methods
Adult males and females P. pictus of known age were used from stock reared in
the laboratory on Aak (Calotropis) leaves, in cages at a temperature of 28 ± 2° C.
A solution of synthetic DDT (0,01 %) was obtained by dissolving a concentrated
emulsion (25 E.C.) in acetone, and 0·01 ml of the solution was applied topically
to the body surface just near the wing bases with a microapplicator. Controls
were applied with the solvent acetone alone. For each experimental and control
groups, 16 grasshoppers were used. After 24, 48 and 72 hr of incubation the
grasshoppers were dissected in insects Ringer's solution and their brain fixed in
aqueous Bouin's fluid. Paraffin sections (6Ilm) were cut and stained with Gomori's
chromealum haematoxylin phloxine (CRP), paraldehyde fuchsin (PAF) (Ewen
1962) and Heidenhain's azan stain.

3. Results
Neurosecretory cells occur throughout the protocerebrum and tritocerebrum in
different locations in the brain of P. pictus with the majority lying in the protocerebral lobes. On the basis of their staining reactions the cells have been
classified into two types, A and B. There are two median groups of about
50-55 A type NS cells in the parsintercerebralis, A cells stain purple with PAF,
dark red with Azan and dark blue with CRP. They measure 0·017 x 0·007 mm,
and their nuclei 0·005 mm in diameter. Occurring in the same group 30 B type
cells are comparatively larger and stain green with PAF, light red with Azan
and red with CHP. They measure 0·06 x 0·02 mm, and their nuclei 0·01 mm
in diameter. Small patches of B cells are also present dorsally, ventrally and
midventrally in protocerebrum and mid ventrally in the tritocerebrum. The midbrain is completely devoid of NS cells.
Very little neurosecretory material (NSM) is found in both A and B cells of
freshly moulted adult (figure 1). Gradually the synthetic activity increases and by
the time the grasshoppers mature in 5-6 days, the NS cells exhibit the peak of
synthesis with deeply staining NSM in their perikarya (figure 6).
Neurosecretory cells of one day-old adult P. pictus treated with 0·01 % DDT
solution and incubated for 24 hr showed greater synthetic activity. Large quantities of NSM accumulated in the perikarya along with its simultaneous release.
The release of NSM through the axons was unmistakable, a'J also slight undulations
of the cell wall (figure 2).
On prolonging the incubation period to 48 hr release of NSM became faster,
leaving small amounts in the perinuclear region. Prolonged incubation also
damaged the body of the NS cells which became polygonal or irregular in shape,
apparently by the contraction of the cell wall and its infolding (figure 3). Disruption of cell wall at places was also observed (figure 4). Or further prolonging the
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Fig rres 1-2. See page 309 for captions, For abbreviations see page 315.
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Figures 3-4. See page 309 for captions. For abbreviations see page 315.
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Figur es 1-6. Poekilocerus pic/us. 1. 3-da y old adult showi ng normal neurosecretory cells. 2-5 . l-day old adult tr eated with 0·01 % DDT for 2. 24 hr .
3, 4. 48 hr . 5. 72 hr . 6. Un der con trol condition showing peak of syntheti c
act ivity. F o r a bbrevia tio ns see pag e 315.
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Figures 7-8. Set" page 312 for captions. For abbreviations see page 315.

DDT and neurosecretion in P. pictus

Figures 9-10.

See page 312 for captions.

For abbreviations see page 315.
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Figures 7-11. Poekilocerus pictus. 7-11. 6--day and 9-day old adult treated with
0·01 % DDT for 7, 8. 24 hr. 9. 42 hr. 10. Under eontrol condition. 11. 12 hr.
For abbreviations see page 315.
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incubation period to 72 hr the NS cells became hyperactive in release, draining
off the NSM and becoming vacuolated (figure 5).
Six-day old P. pictus treated with O'01 % DDT and incubated for 24 hr showed
release of NSM from NS cells. Continuous release of NSM from the cell perikarya
imparted the later a foamy appearance (figure 7). At this stage they stained feebly
with the cell wall showing folds and the cell becoming triangular or polygonal
in shape (figure 8). When the incubation period was prolonged to 48 hr, the
discharge of NSM further increased and extensive damage to the NS cells was
noticed in the form of undulation of cell wall and shrinkage of cell perikarya
(figure 9). After 72 hr of incubation no NSM was noticed in the perikarya but
some could be seen at the axonal endings (figure 11).

4. Discussion
Gundevia (1972) studied the effect of insecticides on the NS cells of insects and
reported that short incubation periods of Dimecron, Diazinon and Dieldrex triggered synthetic activity of NS cells in Hydrophilus olivaceous Fabr, Sabesan and
Ramalingam (1979) also observed increased synthetic activity in the median
neurosecretory cells of endosulphon-treated Odontopus varicornis at the initial
stage of poisoning, resulting in an accumulation of secretory material in the cell
perikarya. In our studies in P. pictus DDT acted in the same way. The initiation of synthesis, gradual acceleration in the pace of synthetic activity and accumulation of secretory material etc., was probably an initial response to the emergency
caused by the action of insecticides. Prolonged incubation, however, resulted
in the discharge of secretory material. It thus seems logical that insecticidal action,
up to a certain level, stimulated the synthesis and storage of secretory products
but later it affected a releasing stimulus. The prolonged incubation also seems
to have an inhibitory effect on synthesis and accumulation leading to large scale
depletion of cellular contents and vacuolation, etc.
According to Wilcoxon and Hartzell (1933), Hartzell (1934), Richard and Cut.
komp (1945) and Roche and Lhoste (1958) the motor neurones in general undergo
vacuolation due to the action of insecticides. Gundevia (1972), Nanda (1974) and
Sabesan and Ramalingam (1979) also made similar observations in H. olivaceous,
P. americana and O. varicornis respectively. As neurosecretory cells are modified motor neurones, the vacuolation caused by the insecticides can be well
compared to the effect observed by the above mentioned workers.
It is quite obvious from our observations that DDT produced histologically
recognisable degenerative changes in the NS cells. They were in the form of
undulations in the periphery of cell wall, loss in compactness, change in cell shape
and sometimes even the disruption of cell wall. Similar changes have been
noted in the nerve cells of insecticide treated insects by a number of workers.
Wilcoxon and Hartzell (1933) and Hartzell (1934) observed trigrolysis of Nissle
granules and tissue disintegration in the brain nerve cells of Tenebrio molitor and
Melanoplus femur rubrum after Pyrethrum and Pyrethrin treatment. .Chang
(1951) showed destruction of Golgi bodies and their almost complete disappearance
at the time of death in the neurones of DDT-treated P. americana and Apis mel/ifera. Brown (1963) also noted some abnormalities in the central nervous system
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of P. americana after treatment with Heptachlore. Various grades of disturbances in the compactness of NS elements and undulations in the periphery of
cell wall after insecticidal treatment were reported by Gundevia(1972) and Nanda
(1974) also. Loss in compactness, undulations towards the periphery of cell
wall, tendency of the cells to become polygonal or irregular and the disruption of
cell wall in the present investigation could be due to vigorous release of secretory
material and Ioss of cohesion amongst the NS cells. The studies of Wilcoxon.
and Hartzell (1933), Hartzell (1934) and Chang (1951) revealed that the Golgi
elements of the secretory cells became affected due to the action of insecticide.
It is well-known that the Golgi bodies playa major role in the cellular secretion.
Thus it can be assumed that with shorter incubation periods the Golgi bodies of
secretory cells become activated and with prolonged action of the insecticide they
became exhausted leading to depletion and vacuolation in the cell perikarya.
Regarding the nature of the secretory product thus released Sternberg (1963)
reported that excessive stress on NS cells leads to the discharge of pharmacologically active substances. It has been shown recently that insecticidal treatment
causes release of various neurohormones in insects. Maddrell and Casida (1971)
treated Rhodnius prolixus with 42 different insecticides, of which 18 caused paralysis
and release of the diuretic factor at that time. Maddrell and Reynold (1972)
reported that paralytic dose of insecticides caused the release of plasticizing
hormone also. Granett and Leeling (1972) on the other hand showed the appearance of hyperglycaemic agent in haemolyrnph, causing the trehalose content to
increase in DDT-treated P. americana. More recently Samaranayaka (1974)
reported the release of adipokinetic and hyperglycaemic hormone also in insecticide-treated Schistocerca gregaria.
Taking these cases as typical ones, it seems likely that it may be a general way
of the action of insecticides in which they provoked a more or less simultaneous
release of several, possibly all of the insect neurohormones. In this way it seems
probable that such a widespread and unbalanced release of neurohormones, the
controlling factors, causes serious damages to the insects and is also responsible
for the lethal effect of insecticides.
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