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Abstract. Fifth instar hoppers (48 h old) of Hieroglyphus niqrorepletus were injected with
different sub-lethal doses (0'5, 1,2,4 and 6 Jig/hopper) of triol-and makisterone A, after 3
days the haemocytes of these hoppers were selectively damaged. The granular haemocytes,
being the most susceptible cells were completely damaged even by the weakest dose of triol
and makisterone A. Prohaemocytes and plasmatocytes were intensely damaged by I Jlg of
makisterone A, 2 and I Jig doses of triol respectively. However, oenocytoids were comparatively resistant cells, but they were also damaged by 2 Jig triol and 4 Jig makisterone A.
Following the emergence of adults from the treated hoppers after 3 days. both granular
haemocytes and plasmatocytes were indistinguishable with respect to even weakest dose of
both the hormones. Comparatively prohaernocytes were less damaged and could be
recognized in adults affected with I and 2 Jig of makisterone A and triol respectively.
However, oenocytoids were completely disintegrated in adults emerged from the hoppers
injected with I and 2 Jig of triol and makisterone A respectively. In adults of both sexes,
respective haemoeytes developed almost similar pathological condition with regard to each
dose.
Keywords. Hieroqlyphus niqrorepletus; hopper; triol; makisterone A; prohaemocytes;
plasmatocytes; granular haemocytes; oenocytoids.

1. Introduction

In a number of insects treated with chemicals including insecticides, the haemocytes
were pathologically affected (Feir 1979). However, the effect of application of
exogenous ecdysones on the haemocytes, which proved toxic on the growth of
certain species, is little known. According to Ohmori and Ontaki (1973), the
application of higher concentrations of ecdysterone (a synthetic moulting hormone)
on adult fly, Sarcophaga peregrina inhibited metabolic activity. Judy and Marks
(1971) in M anduca sexta (Lepidoptera) applied ecdysterone and recorded the
increase in the migratory activity of the blood cells viz. spherule cells and plasmatocytes (in vitro). In Spodoptera litura, injection of different doses of fJ-ecdysone to the
larvae of the last stage caused dose based pathological damage to different haemocytes (Nishi 1982). Rao et al (1984) investigated the effect of fJ-ecdysone on the total
haemocyte count in late fifth stage, ligated larvae of S. litura behind the thorax.
In view of the meagre information regarding the toxicity of the exogenous
ecdysones on the haemocytes, a comparative observation was made in the present
study, on different haemocytes of Hieroglyphus nigrorepletus, following the injection
oftriol- an analogue of moulting hormone as well as makisterone A - an ecdysone
of plant origin on the 5th instar hoppers. H. nigrorepletus is a pest of Kharif crops in
India. The toxic effect of exogenous ecdysones on insect haemocytes may be
important in considering synthetic ecdysoids as one of the tools of insect control.
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2. Materials and methods
Both nymphs and adult of H. niqrorepletus were collected from the maize crop and
adjoining grass lands of the Agricultural farm of the University. They were kept in
wooden cages as designed by Hunter-Jones (1956) at 31 ± 1°C and 70-80% RH.
Fresh leaves of maize were provided daily.
From this stock newlymoulted 5th instar hoppers were removed and kept at the
conditions mentioned before. Then 48 h old hoppers were individually injected with
either of 0'5, 1, 2,4 and 6 J.Lg triol or makisterone A in acetone.
Haemocytes were studied in the stained blood smears of treated hoppers after 3
days as well as those of 3 day old adults, both males and females, emerged out of
treated hoppers. For this purpose a blood drop was obtained by cutting antenna or
coxa-femur joint of the hind leg. The blood smears were stained both in Giernsa's
and Leishman's stain for comparison. Further, stained blood smears of untreated or
acetone treated hoppers and emerged adults of corresponding age were also prepared as controls. Each treated hopper was used once to obtain blood for smear.
After emergence to adult stage it was not possible to take blood drop again from the
same individual. Therefore in adult stage blood sample was taken following
emergence from similarly treated hoppers of the same stock and age.

3. Results
Four types of haemocytes viz. prohaemocytes (PRs), plasmatocytes (PLs), granular
haemocytes (GRs) and oenocytoids (OEs) were recognized both in the nymphal
stages as well as adults of H. nigrorepletus on the basis of the criteria of Jones (1962)
(figures 1-4).

3.1

Pathological effects in haemocytes (figures 5 and 6)

3.la

Five day old 5th instar hoppers

(i) PRs: Even following the injection of weakest dose (0'5 J.Lg) of both the hormones,
the changes followed as eccentric nucleus, broken chromatin, ruptured cell membrane and vacuolated cytoplasm (figures Sa, b; 6a, b). By 1 J.Lg triol, cell membrane
was further damaged and cytoplasm became highly vacuolated whereas this dose of
makisterone A caused notched appearance of the nucleus and irregular cell
membrane. By 2 J.Lg triol these cells became indistinguishable and higher doses
further deteriorated the cells. On the other hand, by 2 J.Lg makisterone A, these cells
were recognizable but developed many vacuoles in the cytoplasm and nucleus (figure
6d, e). However, stronger doses of makisterone A, also made most of these cells
indistinguishable.
P Ls: The effect of weakest dose of triol and makisterone A was evident by
ruptured cell membrane, eccentric nucleus and discharge of vacuolated cytoplasm
(figures Sa, b; 6a, b). Relatively higher doses of both the hormones caused further
damage to these cells and finally only nuclei were left (figures 5c, d; 6d, e).

(ii)

(iii) GRs: Most of these cells showed ruptured cell membrane and expulsion of
granules from the cells even following the injection of 0·5 J.Lg dose of both the
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Figures 1-4. Different types of haernocyics of H. niqroreplet us. I. Prohaernocytes (a-c,
Round; d. ovoid; e and f. pear shaped: g. spindle shaped; h. binucleate). 2. Plasrnatocytes
ra. Round; band c, ovoid; d-I, elongate; g, pear shaped: h-k, spindle shaped: I and rn, bilobed
nuclei: nand o, stages of mitosis). 3. Granular hacrnocytcs la-d. Round: e and f. ovoid).
4. Oenocytoids (a, Round: band c. ovoid: d. pear shaped. e, binucleate: f. late anaphase
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Figure 5. Pathological effects in the haemocytes of 5 day old 5th instar hoppers and 3 day old adults of H. niqrorepletus following the injection of 0·5 and
2 Jig triol/Sth instar hopper (48 h old). Enlarged twice from the original magnification (eye piece 10 X, objective oil). a and b. Blood smears of affected 5th
instar hoppers with 0·5 JIg dose, showing ruptured cell membrane of PR, PLs and GR. Granular haemocytes are completely damaged with expulsion of
granules. Yicuoles developed in the nucleus of PR whereas only impression of cytoplasm remains in PLs. c and d. Blood smears of affected 5th instar
hoppers with 2 Jig dose, showing only impression of cytoplasm around PLs. ~. Blood smears of affected adults with 0·5 JIg dose, showing broken cell
membrane in PL, PR and OE. PR shows discharge of cytoplasm and OE shows swollen nucleus and granulated cytoplasm. hand i. Blood smears of
affected adults with 2 Jig dose, showing broken cell membrane in PL, PR and GR. Cytoplasm of PRs and PLs became granulated and shows discharge at
places. Whereas GR shows expulsions of granules.
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Figure 6. For caption, sec p. 208.
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hormones (figures Sa, 6b). By 2 Jig dose of both the hormones these cells were further
damaged but were still recognizable by their remains (figures 5c; 6d).
(iv) OEs: In comparison to other cells, these cells were slightly damaged at 0·5 Jlg triol
and only a few cells showed eccentric position of the nucleus. Whereas by 0·5 Jig
makisterone A/hopper, the nuclei became irregular and swollen; cell membrane was
ruptured at places and cytoplasm became hyaline and vacuolated (figure 6c). The cell
membrane became irregular by 1 Jig triol whereas by the same dose of makisterone A
only nuclei were pushed to eccentric position. Two Jig Triol ruptured the cell
membrane and cytoplasm was destroyed. Whereas, similar dose of makisterone A
developed only hyaline cytoplasm around the swollen nucleus. However, 6 Jlg of this
hormone ruptured the membrane of both cell and nucleus and cytoplasmic
discharge.
3.1b Haemocytes of 3 day old adult: The haemocytes of 3 day old adults (both
males and females) emerged from the treated 5th instar hoppers (48 h old) were also
studied. The important changes are described below:

PRs: The nuclei of these cells showed eccentric position following the injection
of 0·5 Jig of each hormone (figures 5e, f; 6f-h). By 1 ttg of either hormones the
membranes of both cell and nucleus became irregular. Further, 2 Jig triol caused
development of cytoplasmic vacuoles and rupture of the cell membrane. However,
similar dose of makisterone A influenced these cells by the appearance of abnormal
vacuoles and granules in the cytoplasm as well as fragmented nuclei and bulging in
the cell membrane (figures 5i; 61, m). Relatively higher doses of these hormones
caused further deterioration in the cells, which were dose based.

(i)

(ii) PLs: As compared to the PRs, these cells were much adversely affected even by
0·5 Jig dose of both the hormones, showing ruptured cell membrane and obliteration
of the vacuolated cytoplasm (figures 5e; 6h, i). By 2 Jlg makisterone A, only nuclei
Figure 6. Pathological effects in the haemocytes of 5 day old hoppers and 3 day old adults
of H. niqrorepletus following the injection of 0·5 and 21lg makisterone A/5th instar hopper
(48 hold). a-c. Blood smears of affected 5th instar hoppers with 0·5 Ilg dose, showing big
vacuole in the nucleus of a PR, broken cell membrane in GR, PRs, PLs and OE with cytoplasmic discharge. GR shows expulsion of granules and OE shows folded cell membrane
with swollen nucleus and granulated and vacuolated cytoplasm. d and e. Blood smears of
affected 5th instar hoppers with 21lg dose, showing completely damaged GRs and PLs. OE
shows granulated and vacuolated cytoplasm ruptured cell membrane with cytoplasmic
discharge and swollen nucleus whereas many abnormal vacuoles developed in the
cytoplasm and nucleus of PRs. f-i, Blood smears of affected adults with 0'5 Ilg dose,
showing ruptured cell membrane of PR, PLs and OE. PR shows irregular nucleus and
cytoplasmic vacuoles. There is a bilobed nucleus in OE and only impression of cytoplasm in
PLs. j-m. Blood smears of affected adults with 2 Ilg dose, showing broken cell membrane in
PRs. PLs and OE. PR shows cytoplasmic bulgings and fragmented nucleus. OE shows
highly vacuolated cytoplasm and irregular nucleus. whereas PLs shows folded cell
membrane and cytoplasmic discharge.
GR, Granular haemocyte: OE, oenocytoid: PL, plasmatocyte; PR,
prohaemocyte; b, bulging; bi, bilobed; chr, chromatin material; cy, cytoplasm; d.c, damaged
cell; dis. discharge of cytoplasm; e, eccentric; ex, expulsion of granules; fr, fragments; gn,
granule; im, impression; ir, irregular; n, nucleus; r.f.cm. ruptured and folded cell membrane;
s, swollen; v, vacuole).

(Abbreviations:
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were left. Whereas similar doses of trioI caused cytoplasmic discharge and development of projections in the nuclei (figures 5h, i; 6k, 1).
(iii) GRs: Being the most sensitive cells in the smears, these cells became
indistinguishable even by the application of the lowest dose of both the hormones.

OEs: These cells were comparatively less affected than other cells by the
injection of 0·5 p.g triol. Their nuclei were eccentric and swollen; chromatin material
became thick and compact; cytoplasm developed abnormal granules (figure 5 g).
Whereas by 0·5 p.g makisterone A nucleus became swollen, often bilobed but cytoplasm was hyaline (figure 6 h). By 1 p.g triol cell membrane became irregular and
ruptured showing some flow of cytoplasm. Makisterone A caused such changes
following the injection of 2 p.g dose (figure 6j, k). Maximum effect was produced by
6 p.g triol which destroyed most of the cells than by similar dose of makisterone A.

(iv)

4.

Discussion

From the present data it is concluded that injection of different sub-lethal doses of
triol and makisterone A to 5th instar nymphs of H. niqrorepletus caused development of pathological symptoms in different types of haemocytes, which were dose
based. Generally changes in the cells followed the sequence of pushing of nuclei to
eccentric position, abnormal vacuolization in both cytoplasm and nucleus, cytoplasmic projections and bulging, irregular shape of the cell, ruptured cell membrane,
intense vacuolization of cytoplasm, cytoplasmic discharge, fragmentation as well as
disintegration of the nucleus and finally loss of cellular identity. The most sensitive
cells to these hormones were granular haemocytes whereas plasmatocytes, pro-haemocytes and oenocytoids were comparatively susceptible in descending order.
Thus the oenocytoids were the most resistant cells, probably due to their thicker
nature in comparison to other types of cells. Triol is more effective to destroy these
cells as compared to makisterone A.
It is possible that these hormones when injected to the haemocoel also diffused
into the haemocytes and became toxic to them like the insecticides. The pathological
effects of exogenous hormones on the haemocytes of insects was earlier recorded in
only Spodoptera litura (Nishi 1982; Rao et al 1984) and in Galleria mellonella and
Tenebrio molitor (Farks 1984). Therefore the present information on H. niqrorepletus
is new among Orthopterous insects. It is interesting to record that the pathological
effect of exogenous hormones on the haemocytes of the above mentioned species are
comparable to that of insecticides in other species e.g. Calliptamus italicus (Tareeva
and Nenyukov 1931), Dysdercus cinqulatus (Zaidi and Khan 1977), Rhopalosiphum
maidis (Behura and Dash 1978) and a review by Feir (1979).
Although application of both moulting hormones and insecticides cause similar
types of pathological conditions and eventually destruction of these haemocytes
(which is the important site of intermediary metabolism), control of insects by the
analogues of the ecdysone (moulting hormone) may be preferred because these are
definitely non-toxic to crops, live-stock and human beings.
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