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Abstract. Topical application and injection of various doses of dichlorvos and carbaryl to
the fourth instar larvae of Pericallia ricini did not alter the normal differentiation of various
centres of the brain during metamorphosis but certain changes were produced in the
neurons and neurites. These changes included the thickening of the neurilemma, clumping
of chromatin, disintegration of cells and swelling of nuclei. The neurilemma of treated larvae
became wavy, remained as such till the early adult stage and then degenerated for a very
short period. The optic lobe anlagen cells exhibited increased mitotic division.
Keywords. Pericallia ricini; sublethal doses of insecticides; histopathology of nervous
system.

1. Introduction

One of the main factors which may account for the lack of information on the action
of the sublethal doses of insecticides is the production of insecticide resistant
individuals. Thus most of the earlier workers paid their attention to study mode of
action and histopathological effects of various insecticides at lethal levels (Richards
1941, 1943; Wigglesworth 1941; Hartzell and Scudder 1942; Salkeld 1951). Very
recently Shaheen and Singh (1986)gave an account of the effectsof sublethal doses of
two insecticides on the nervous system of Diacrisia obliqua. They found a number of
histopathological changes in the neurons and neurites by the application of very low
doses of these insecticides, however, they did not find any alteration in the general
differentiation of the brain centres during metamorphosis which was an interesting
phenomenon. These observations fascinated us to gather some more information in
other insects.
2.

Materials and methods

Larvae of Pericallia ricini Fabr. were collected and reared in the laboratory. Fourth
instar larvae were selected from the stock and all the experiments were performed at
this stage. Four sets of 50 larvae each were placed separately in petridishes. Two
insecticides viz dichlorvos [O,O-dimethyl 2,2-dichlorovinyl phosphate (DDVP)] and
carbaryl [l-naphthyl-N-methyl carbamate (sevin)] were used for direct injection and
topical applications. These were diluted with acetone to make 0,2, (}4, (}6, 1,0, 1'4, 1,6,
2,0, 4,0, 6·0 and 8·0 ug. Insects of the first set were treated with these insecticides
topically on the dorsal region of the abdomen with a microapplicator. In the
abdomens of the larvae of the second set, above mentioned doses of these insecticides were injected. The third set was treated with the same amount of acetone only
and the fourth set was left untreated. Two to three insects of each set were dissected
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at an interval of 2 days till the emergence of adults and the entire nervous system was
fixed in aqueous Bouin's fixative for 18-24 h. The adults obtained from these treated
larvae are termed here after as t-adults. The sections were cut at 6-8 Jim thickness
and staining was done with haematoxylin-eosin and Heidenhains Azan stains.
3.
3.1

Observations
Changes in the neurilemma

The normal thickness of the neurilemma of the brain and ganglia of P. ricini larva
was about 0,75-1,0 Jim (figure 1). After 4-12 days of topical application of 0'2, 0'4,1,0
and 1·6 Jig of sevin and 0,6, 1·4 and 1·6 Jig of DDVP its thickness increased (figure 2).
It was about 2,7-3,0 Jim and 2·25 Jim in the brain and nerve cord respectively. It also
became wavy in the larval period. This type of wavy neurilemma appears during the mid
pupal stage, prior to its degeneration in untreated insects. In the adults produced by
the insecticide treated larvae (t-adults) the neurilemma or the thoracoabdominal
ganglionic mass showed greater degree of wavy appearance. It also increased in
thickness by the treatment of larvae with 1·6 Jig of sevin. This wavy nature of the
neurilemma appeared 4 days after the treatments of the larvae and did not degenerate during pupal period (figure 3).
3.2

Changes in the cortical and neuropilar regions

Various histopathological changes were produced by the topical applications and
direct injection of the insecticides. These changes were more or less similar in both
the methods except that the direct injection of insecticides produced these changes
more rapidly. The 4th instar larvae of P. ricini treated with various doses of two
insecticides and the two methods exhibited differentiation of all the centres of the
brain in 5th instar larvae, pupae and adults like normal insects, however, changes
were produced in the structure of the nerve cells and their neurites.
The central nervous system of the t-adults produced by the treatments of 4th
instar larvae (8,0 Jig of DDVP and sevin) showed slight changes in its histology. The
neurilemma covering the thoracoabdominal ganglionic mass and abdominal ganglia
became more wavy. The brain of t-adults showed swollen nuclei with an increase in
the number of degenerating cells. The connective tissue sheath which appears during
the absence of the neurilemma, also showed pyknosis.
Application of 6·0 Jig of DDVP to the 4th instar larvae, after 2-7 days of
treatment, showed swelling in the neurons with slight degeneration of chromatin and
cytoplasm in the brain. Distinct swelling of globuli cells was noted in the calyx with
chromatin attached to the periphery of the nuclei. The neuropilar regions of the
larval brain and adults ganglia showed disintegration and degeneration of the longitudinal fibres. The newly emerged t-adults showed degeneration of neurons and
irregular spaces in the perineurium and in between the cortical and neuropilar region
of the abdominal ganglia. Such histopathological changes were not met within the
control insects. Increased intercellular spaces and degeneration of longitudinal fibre
tracts were noted in the thoracoabdominaI ganglionic mass. The t-adults produced
by the treatments with 4·0 Jig of DDVP did not show any marked change in the
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Figures 1~. 1. Frontal section (FS) of 5th instar larval brain of untreated P. ricini
showing normal thickness of the neurilemma (NE). (scale bar-400 J1III). 2. FS of 5th
instar larval brain showing an increase in thickness of the neurilemma (NE). Sevin, 0·2 JJ.g.
(scale bar-200 JJ.m). 3. FS of the thoracoabdominal ganglionic mass (TAG) of adult
showing degeneration of the neurilemma and shrinkage of cells in the cortical region
(arrow). Sevin, 1·6 JJ.g. (scale bar-200 JJ.m). 4. FS of 5th instar larval brain showing mitic
division (M), swollen nuclei (SW) and peripheral chromatin (arrow), Sevin, 1·6 JJ.g. (scale
bar-IOO JJ.m). 5. FS of 5th instar larval brain showing peripheral accumulation of chromatin (arrow). Sevin, 2·0 JJ.g. (scale bar-IOO JJ.m). 6. FS of thoracoabdominal ganglionic
mass of adult showing degeneration of neurons (arrow) and appearance of vacuoles (V) in
nuclei. DDVP, 1-6JJ.g (scale bar-IOO JJ.m).

cellular integrity of the brain. In the ganglia, like 2·0 fJ.g of sevin, the disappearance of
chromatin with more marked degeneration of cells and production of dark stained
particles around the neuropile was noted. No change was noted in the differentiation
of optic centres and central complex. However, an enormous increase of the mitotic
division of the optic lobe anlagen cells was observed (figure 4).
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Treatment with 2·0 Jlg of DDVP and sevin on the larvae of P. ricini showed the
clumping of chromatin which got attached to the nuclear membrane (figure 5).
Gradual disintegration of cytoplasm and appearance of intercellular spaces were also
noted. No marked changes were noted in the prepupal brain with sevin. With 1·6 Jlg
of DDVP degeneration and shrinkage of cells and partial atrophy of fibres occurred
in the adult's central nervous system. The ganglia showed enlargement of cells with
enormous vacuolation of the nuclei (figure 6). With 1·0 Jlg of DDVP, pyknosis and
breakage of the cell wall and thickening of the larval neurilemma was noted.
Very little cellular disintegration and changes in the nuclei were noted with 0,2,0,4
and 0·6 Jlg of sevin and DDVP. The abdominal ganglia of treated larvae (0'2 Jlg of
sevin) showed the appearance of clusters of small neurons placed in the peripheral
part of the cortex very near to the thickened neurilemma (figure 7). 004 Jlg of sevin
produced dark stained particles in the larval ganglia abundantly (figure 9) whereas
0·2 Jlg caused chromatin clumping, swelling of nuclei with intracytoplasmic vacuoles
and cell degeneration in the larval ganglia (figure 8). Adults produced by the
treatment with 0·8 Jlg of DDVP to the larvae showed degeneration of neurites and
the peripheral accumulation of chromatin in the globuli cells of the calyces of the
mushroom bodies (figure 10).

Figures 7-10. 7. FS of 5th instar lar val abdominal ganglion showing clusters of small cells
(Cl.), Sevin, 0·2 pg. (scale bar-IOO pm) . 8. FS of 5th instar larval abdominal ganglion
showing swollen nuclei (SW) and degeneration of cells (arrow) . Sevin, 0·2 }Jg. (scale
bar-l 00 }Jm). 9. FS of 5th instar larval thoracic ganglion showing dark particles (arrow)
and vacuoles (V) in the cytoplasm of motor neurons. Sevin, 0·4 ug. (scale bar-I{lO }Jm).
10. FS of adult's brain (t-adult) showing degeneration of fibres (F) and peripheral
accumulation of chromatin. DDVP. 0·8 }Jg. (scale bar-IOO urn),
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4. Discussion
Wilcoxon and Hartzell (1933) observed vacuolation and trigrolysis of the Nisle
granules and tissue disintegration in the brain and ganglia of the ventral nerve cord
and to some extent in the connectives also in the larvae of Tenebrio molitor after
treatment with pyrethrum. Klinger (1936) in the larvae of gypsy moth, Porthetria
dispar, observed that a high dose of pyrethrum, 24 h after application, caused
extensive damage to the nerve cells of the abdominal ganglia, especially towards the
periphery. On the other hand, a number of well known insecticides do not produce
any visible histopathological changes in insects. Kruger (1931) and Hartzell (1934)
failed to find any effect on the central nervous system by applying rotenone. Thus it
is evident that the mode of action and effects of different insecticides is not uniform in
all the insects.
It is also known that the neurilemma of the insect central nervous system plays a
role in the transport of nutrients in the nervous system (see Chandra and Singh
1982), assists to control the movements of ions into and out of the nervous system
(Hoyle 1953; Pichon et at 1972; Lane 1972; Schofield and Treherne 1978) and
performs an osmoregulatory function (Lorente de No 1952; Shanes 1953). Like
nutrients, the insecticides also might be entering through the neurilemma, perineurium and ultimately reaching to the glial cells, neurons and axons. The presence of
bound lipid nerve sheath and their probable relation to the penetration of neurotoxic
insecticides is of major interest in any study of mode of action of these toxins. Most
of the earlier workers reported the destruction of this sheath by the insecticidal
action thus facilitating the insecticides entry, but we do not find this type of
destruction after the treatments with sublethal doses of dichlorvos and carbaryl on
P. ricini. Thus there may be two possibilities for the entrance of these chemicals
inside the cortex of the central nervous system of the insects-{i) either the entire
lipid sheath, covering the nervous system degenerates or (ii) the insecticides diffuse
through the tissue barriers (connective tissue sheath, neurilemma, perineurium and
cortex). The former type of insecticide entry is reported by Klinger (1936), Richards
(1941, in mosquito larva) and Wigglesworth (1941). Shaheen and Singh (1986) in
Diacrisia obliqua and in the present study found cellular destruction in treated insects
but did not include the destruction of the nerve sheath. This may be possible that
either lower doses of these chemicals do not cause sheath destruction or that this
change is insecticide specific.
Insecticides induce the division of cells. An enormous cell death due to insecticidal
actions is most probably compensated by this increased cell division. The increase in
the mitotic figures in treated insects might be due to this reason. The larval neural
lamella is retained for a maximum period. In normal development it is degenerated
in the early pupal period but in the treated insects it is retained till the early adult
stage. It indicates that the treated insects try to retain the neural lamella as far as
possible to avoid the entry of the chemical(s) present in the haemolymph. Other
morphogenetic changes and differentiation of various nervous centres are not
affected by the insecticidal treatment because the metamorphic changes in the central
complex, optic ganglia and deutocerebrum etc take place normally and timely.
Treatments with dichlorvos and carbaryl produce vacuoles in the brain and ganglia. Clumping of chromatin, disintegration of cellular components and neurites,
swelling and deformities in the nerve cells have also been noted. Particle formation is
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also noted (Richards and Cutkomp 1945; Shaheen and Singh 1986). Appearance of
vacuoles in the perineurium is also noted which may be due to the neuronal death
caused by insecticidal action.
On the basis of the present study we have come to the following conclusions:
(i) Treatments with dichlorvos and carbaryl do not interfere with the normal development, morphogenetic changes and differentiation of various centres of the brain
and ganglia, but cellular and fibre disintegration of various degrees occurs, (ii) that
treated insects try to retain the larval neural lamella for a maximum period and
(iii) that insecticides probably induce cell division.
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