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Ivan Gelbi , Jana Strbá ková, and Josef Berger (2006) Influence of metyrapone on the morphology of
hemocytes of the Egyptian cotton leafworm Spodoptera littoralis (Boisd.). Zoological Studies 45(3): 371-377.
The morphology of hemocytes in Spodoptera littoralis (Boisd) (Lepidoptera: Noctuidae) and the effects of
metyrapone on the differential count were studied. Four types of hemocytes were found in the hemolymph of
S. littoralis: plasmatocytes, granulocytes, spherulocytes, and oenocytoides. The proportion of hemocytes
slightly changed during development, but plasmatocytes were the most numerous in all studied instars.
Application of metyrapone caused developmental changes accompanied by variations in the differential count
(i.e., the relative count) of granulocytes. Metyrapone induced higher metabolism in comparison with untreated
specimens and resulted in precocious larval-pupal transformations. The body weight of treated larvae was
higher, and the length of the last larval instar was shorter by 3 d in comparison with control animals. The significant decrease of granulocytes in the last larval instar treated with metyrapone simulated the differential count
in older control animals. Observed changes following metyrapone administration were similar to the induction
of a faster process of aging. http://zoolstud.sinica.edu.tw/Journals/45.3/371.pdf
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induction of the perfect supernumerary larval
instar by application of juvenoid depended on sex,
with about 90% of the supernumerary larvae being
females. Induction of an extra larval stage in male
larvae is rare. The majority of juvenoid-treated
12-h-old last instar larvae develop into various
types of intermediate forms. The effects of the
compounds mentioned above on the morphology
of hemocytes and their differential count have not
previously been studied.
Morphological characteristics of hemocytes of
S. littoralis were studied by Harapaz et al. (1969)
and Stettler et al. (1998) with different findings as
to hemocyte types: Stettler observed spherulocytes but did not find adipocytes.
The economic significance of noctuids, especially of the Egyptian cotton leafworm, Spodoptera
littoralis, calls for a detailed examination of the

any moths of the family Noctuidae
(Lepidoptera) are serious pests of agriculture and
forestry. Some of them are also interesting from a
theoretical point of view. Caterpillars of some
migratory species vary in color dependent on their
population density. Faure (1943a b) suggested
that these larvae may form gregarious and solitary
phases as do locusts. The parallelism with locusts
indicates the hormonal control of phases in noctuids. This was confirmed by Sehnal et al. (1976),
who described the effects of juvenoids on egg
development, larval-pupal transformation, and
body color. Juvenoids also prolong the feeding
period, growth, total body metabolism (KryspinSörensen et al. 1977) as well as nutrient content
(Gelbi and N mec 1978) probably due to delays
in larval development. Later, Gelbi and Sehnal
(1986) found in the Egyptian cotton leafworm, that
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effects exerted by biologically active compounds
on these insects. Various natural and synthetic
compounds with different chemical structures
show very broad spectra of biological activities in
insects. In our study, we show some portions of
the broad spectrum of effects of metyrapone on
the development of larvae, on hemocyte morphology, and their differential counts.

MATERIALS AND METHODS

Samples for electron microscopy were fixed in
2.5% glutaraldehyde for 24 h, incubated in OsO4
for 2 h, and then stained with uranyl acetate for 30
min and lead citrate for 20 min. The ultrastructure
was studied using a Jeol 1010 Jem electron microscope (Jeol, Japan).
Statistical analysis
Results are expressed as the mean ± S.E.M.
and evaluated by the two-sided Mann-Whitney
U test at a significance level 2α = 0.05.

Experimental insects
The Egyptian cotton leafworm, Spodoptera littoralis (Boisd.) (Noctuidae: Lepidoptera), were
reared at 25 ± 1 C, in 75% ± 10% relative humidity, with a 16L: 8D photophase, and were fed an
artificial diet (PREMIX, prepared by Stonefly
Industries, Bryan, TX, USA). Rearing of the moth
was described in detail by Sehnal et al. (1976).
Larvae, pupae, and adults were used in our experiments. In each test group, 50 larvae were used in
3 replications.

°

RESULTS
Normal development
Embryonic development lasted 4 days.
Larval development was divided into 6 larval
instars. The last larval instar could be divided into
2 stages: a period of growth and the prepupal
stage. The growth or feeding period is the time of
the maximum rate of growth. During this time, larvae consumed a large amount of food, and the
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Our experiments were performed with
metyrapone (purchased from Aldrich, U.S.A.).
Metyrapone was diluted or emulsified by sonication in sterile distilled water and injected (2
µl/larva) into anesthetized larvae of the penultimate or last instar of the Egyptian cotton leaf
worm. The applied doses were 0.2, 2, and 20
µg/specimen.
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Experimental larvae of S. littoralis were
reared in Petri dishes (in dishes with a diameter of
6 cm, 1 larva/dish was used, in those with a diameter of 10 cm, 5 larvae/dish were used). The following parameters were assessed: durations of the
larval instars, changes in body weight in control
and treated larvae, pigmentation, morphological
changes in pupae and adults, the number of eggs
laid and their hatchability, and the morphology of
hemocytes and their differential counts in different
developmental stages.
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Fig. 1. Effects of metyrapone on the growth rate of the last larval instar of Spodoptera littoralis (Boisd.). (A) Untreated control; (B) metyrapone-treated animals (injected with 20 µg/larva).
Vertical bars represent standard deviations from the mean values.
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body weight rapidly increased (Fig. 1A). The duration of the feeding period was 5 day. On the last
day of the feeding period, the larvae reached maximal body weight and size (Fig. 1A). This was followed by the prepupal stage (3 day). In this stage,
the body weight decreased to 1/3 of the maximal
larval weight. The pupal stage of females lasted 8
day. The pupal stage of males was longer by 2
day. The Egyptian cotton leafworm is a typical
proterogynic species.

Morphological changes were negligible. Only
a few larvae molted into malformed pupae.
Malformed adults were not observed in S. littoralis.
However, it was observed that there was a
decrease in the number of eggs laid and their
hatchability (Table 1). Eggs laid by treated
females were smaller than those of control
females.

Effects of metyrapone

We found hemocytes to be composed of plasmatocytes, granulocytes, spherulocytes, and oenocytoids (Fig. 3). Granulocyte (see Fig. 3-Gr) cytoplasm on transmission electronograms was characteristically granular, with extensive endoplasmic
reticula and large cisternae. Plasmatocyte cytoplasm is abundant and rich in endoplasmic reticu-
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Applications of metyrapone to freshly molted
larvae of the last instar caused a significant
increase in body weight (Fig. 1B). In comparison
with the control animals, the feeding period was
shorter. The maximal body weight of treated larvae was reached 1 or 2 day earlier (depending on
the dose used). Treated larvae were bigger than
the control animals. After application of
metyrapone, the prepupal stage was also shorter.
The length of the last larval instar in treated larvae
was 5 day, and in control larvae was 8 day. The
length of the last larval instar and the weight of
fresh pupae depended on the applied dose (Table
1).
Changes in metabolism of the experimental
larvae were accompanied by changes in body pigmentation. The control larvae were black. The
tested larvae were light gray or light green. The
same pigmentation was observed after application
of metyrapone to larvae of the penultimate instar.
Application of metyrapone to the larvae of the
penultimate instar induced shortening of the subsequent last larval instar.
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Fig. 2. Changes in the proportions of different types of hemocytes during the development of Spodoptera littoralis (Boisd.).
(1) Third larval instar; (2) 4th larval instar; (3) 5th (penultimate)
larval instar; (4) 6th or last larval instar; (5) pupae. * - indicates
significance as compared with 5th penultimate instar, using the
Mann-Whitney test, p < 0.05. Vertical bars represent standard
deviations from the mean values.

Table 1. Effects of metyrapone on last larval instar and egg hatchability of Spodoptera littoralis (Boisd.)
Compound

Dose No of treated
µg/larva
larvae

untreated
water

2 µl

metyrapone

0.2
2
20

150
150
150
150
150
150
150
150
150
150

Treated
instar
(days)

Duration of
instar

5
6
5
6
5
6
5
6
5
6

3.4 ± 0.5
8.1 ± 0.6
3.2 ± 0.4
8.2 ± 0.4
3.1 ± 0.3
7.6 ± 0.7
3.2 ± 0.4
6.1 ± 0.4
3.1 ± 0.2
5.1 ± 0.2

Pupal weight
(mg)

270.5 ± 23.6
275.6 ± 32.1
278.6 ± 34.2
280.9 ± 43.7
298.7 ± 33.3
321.7 ± 32.6
334.6 ± 25.7
356.7 ± 45.9
409.3 ± 46.7
453.2 ± 54.3

No of
death

L
4
3
4
2
7
11
9
18
12
26

P
3
9
6
5
9
8
14
10
7
12

No of
intermediates

1
3
5
7
2
4

No of adults Hatchability of
eggs %

♂
71
63
69
74
62
67
59
61
60
51

♀
72
75
71
71
71
61
63
54
69
57

90
85
90
90
50
40
10
0
0
0
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la, while electron-dense granules were absent or
few. Spherulocyte (Fig. 3-Sp) cytoplasm contained
large spherules, whose contents were in a circular
structure. The structure of rare, unidentified cells
was similar to that of plasmatocytes (Fig. 3-Pl), but
they were larger; their morphology was generally
similar to that of oenocytoids (Fig.3-Oe). We
observed no differences in the morphology of
hemocytes among larval instars.
The proportions of the various hemocyte
types in untreated S. littoralis hemolymph changed
during the course of development (Fig. 2). We
found an increase in relative plasmatocyte counts
simultaneously with larval growth; the augmentation of this characteristic in 5th instars (77%) was
statistically significant compared with that found in
4th instars (43%). The change in the granulocyte
proportion was opposite (from 20% to 2%).
Spherulocyte relative counts fluctuated: decreasing from 36% in 4th instars to 19% in 5th instars,
then to 11% in 6th instars, followed by a significant
increase to 17% in pupae. The incidence of oenocytoids was low in all stages, at around 1%.
We also observed fluctuations in hemocyte
counts during the last larval instar (Table 2). From
days 4 to 7, the proportion of plasmatocytes in
intact larvae in this instar did not significantly
change (from 79.3% ± 6.6% to 71.2% ± 12.5%), as
with granulocytes (from 6.4% ± 4.6% to 3.1% ±
1.68%) and oenocytoids (from 1.4% ± 0.8% to
2.3% ± 1.8%), but the proportion of spherulocytes
slightly increased (from 12.2% ± 6.1% on day 5 to
18.2% ± 1.9% on day 6 and 23.3% on day 7).
Pupation of the control animals began on day 8.
No morphological changes were observed in
hemocytes after metyrapone administration. No
significant differences were found when data from
sham-treated and intact animals were compared.
A significant reduction in granulocyte counts was

found in the 6th instar 2 day after metyrapone
administration (8%), as well as an increase in
spherulocyte number (23%) compared to 22%
granulocytes and 14% spherulocytes observed in
the controls. Pupation of metyrapone-treated larvae began on day 5.

DISCUSSION
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Fig. 3. Morphology of hemocytes of Spodoptera littoralis
(Boisd.). (A) Different populations of hemocytes detected by
the Pappenheim panoptic stain. (Gr) Granulocyte; (Pl) plasmatocyte; (Oe) oenocytoid; (Sp) spherulocyte. The bar indicates
10 µm. (B) Electron micrograph of a granulocyte; (C) electron
micrograph of a plasmatocyte; (D) electron micrograph of a
spherulocyte.

Table 2. Effect of metyrapone on the differencial count of haemocytes in the
last larval instar of Spodoptera littoralis (Boisd.)
Group

Type of haematocytes

Day 1

Day 2

Day 3

Day 4

Controls

plasmatocyte
granulocyte
spherulocyte
oenocytoide

57.5 ± 19.9
24.8 ± 2.1
16.2 ± 8.6
1.5 ± 1.3

63.1 ± 9.0
21.8 ± 4.4
14.0 ± 6.8
1.3 ± 0.4

76.2 ± 8.2
12.2 ± 5.2
9.3 ± 3.9
2.3 ± 1.0

83.8 ± 4.7
4.8 ± 1.5
8.8 ± 3.8
2.6 ± 1.4

Metyrapone

plasmatocyte
granulocyte
spherulocyte
oenocytoide

54.2 ± 11.7
27.9 ± 9.7
16.0 ± 4.5
2.0 ± 0.4

67.8 ± 9.3
7.6 ± 3.6
22.8 ± 7.3
1.8 ± 1.1

80.0 ± 4.7
4.8 ± 1.7
13.0 ± 5.1
2.3 ± 1.3

81.0 ± 6.6
4.6 ± 3.8
12.9 ± 8.4
1.4 ± 1.2
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We observed a distinct spectrum of hemocytes in S. littoralis as compared with the data published by Abdel-Rahman and co-workers (2000).
We classified cells with a morphology close to the
so-called spindle cells as plasmatocytes, because
the spindle form was the only characteristic which
differed from round or oval plasmatocytes; spindle
cells may be a reactive (active) form of these cells.
We observed no adipocytes. We supposed that
the cystocytes described by Abdel-Rahman et al.
(2000) were damaged spherulocytes; oenocytoids
in their published figure are rather small spherulo,
cytes compared with Gupta s (1979) criteria for
,
hemocyte classification. Using Gupta s criteria,
,
several spherulocytes in Abdel-Rahman s figures
may actually be large granulocytes. We confirm
,
the findings of Harapaz et al. s electron microscopic studies (Harapaz et al. 1969), describing 4
hemocyte types in S. littoralis, although we did not
observe typical oenocytoids with the morphology
described by Gupta (1979).
In addition, we confirm findings of Settler et
al. (1998), as we found spherulocytes and no
adipocytes (Harapaz et al. 1969). We observed
that hemocyte differential counts fluctuated not
only as a consequence of different instars but also
within a given instar. These changes may be a
result of developmental processes. The fact that
we observed no differences between untreated
and sham-treated animals documents that comparative hemotoxicological studies performed
under standardized laboratory breeding conditions
are meaningful (cf. Berger 1987, Berger et al.
2003).
Our hematological data showed changes in
the differential counts after metyrapone treatment,
and these changes simulated an acceleration in
the aging process: the hemolymph picture in 6th
instars on day 2 after metyrapone treatment was
close to that on day 7 in the controls, although a
reverse trend toward the control values followed
on days 3 and 4. This acceleration of development of the last instar was also confirmed by the
findings that metyrapone-treated animals completed their last larval instar after 4 day, while control
animals needed 7 day.
The results of this study demonstrate that
metyrapone influenced some metabolic processes
which resulted in a significant increase in body
weight and precocious pupation. These effects
were dose dependent. Higher doses (> 20
µg/specimen) were toxic, while lower doses influenced larval development, pigmentation, and
reproduction (Table 1). In treated larvae, the feed-
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ing period was shorter. The body weight of treated
larvae was evidently higher compared with control
ones as a consequence of more-intensive feeding
and metabolism. The same results were obtained
by Gelbi and N mec (1978) and KryspinSörensen et al. (1977) when applying methoprene;
in those cases, however, the feeding period was
longer than that of the control animals. Juvenoids
also induce prolongation of the prepupal stage. In
contrast, metyrapone caused a significant shortening of this stage by 1/3 of the normal length (3 d).
Comparing the effects of juvenoids, which
have an action similar to that of metyrapone,
revealed that metyrapone obviously acted by
inhibiting the activity of juvenile hormone or its
secretion (Gelbi and N mec 2001). However
Darvas et al. (1991) observed in Neobellieria bullata that metyrapone and its analogues cause disturbances to pre-ecdysial processes, delay larval
development due to inhibition of molting, and
decrease the weight of tested insects. These differences are probably due to different enzymatic
systems and different interactions of metyrapone
,
with the body s ecdysteroids, which may depend
on the insect species tested. This suggestion is
supported by the fact that metyrapone reduced fertility. The number of eggs laid was lower, and the
eggs were smaller. Metyrapone also inhibited synthesis of vitellogenins (ie., proteins which are precursors of vitelin) or their transport with a consequent decrease in the number of eggs laid and
their hatchability. This fact is in congruence with
the suggestion made above that metyrapone
inhibits the action of juvenile hormone. Juvenile
hormone is necessary for synthesis of vitellogenins. The metabolic interactions exerted by
metyrapone will be analyzed in our next paper.
Although the low doses of metyrapone that
were injected in the course of this study induced
only slight disruptions in the larval-pupal transformation of S. littoralis larvae, they were sufficient to
inhibit melanin synthesis; larvae were light gray or
creamy-white. A similar change in pigmentation
was described by Sehnal et al. (1976) in larvae of
S. littoralis when juvenoids were applied. With
regards to metyrapone, Darvas et al. (1987) discovered that this compound and its derivatives
interfere with P-450-dependent monooxigenases
(MFOs) which also participate in the synthesis of
melanin and ecdysteroids.
Many papers have examined the antifeeding
effects of hormonal antagonists (Rembold et al.
1982, Schlüter et al. 1985, Malazewska et al.
1988). We observed no antifeeding effects in lar-
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vae of S. littoralis injected with metyrapone. For
an antifeeding effect to occur, it might be necessary to apply higher doses than we used. On the
other hand, when considering the fact that
metyrapone significantly decreased fertility at
doses below 20 µg/specimen, the use of these
substances for integrated pest control seems to
have good potential.
Acknowledgments: This paper was supported by
the projects No. 522/02/1458 of Grant Agency of
the Czech Republic, Research project No
Z50070508 and No. 405/98 of the Czech Ministry
of Education. The authors are grateful to Ms.
Ludmila Bláhová for their skilled technical assistance.

REFERENCES
Abdel-Rahman AM, N Zohdy, AA El-Moursy, EA Kares, MBR
El-Mandarawy. 2000. Qualitative differential haemocyte
counts in healthy and parasitized larvae of Spodoptera littoralis (Boisd.) after insecticide treatments. Egypt. J.
Agric. Res. 78: 1549-1567.
Ascher KRS, M Eliyahu, N Nemny, J Meisner. 1984. Neem
seed kernel extract as an inhibitor of growth and fecundity
in Spodoptera littoralis. In H Schmutterer, KRS Ascher,
eds. Natural pesticides from the neem tree and other
tropical plants. Proceedings 2nd International Neem
Conference, Rauschholzhausen, Germany, 1983, pp.
331-344.
Balázs A. 1957. Nutritional and nervous factors in the adaptation of Galleria mellonella to artificial diet. Acta Acad. Sci.
Hung. 9: 47-69.
Barnby MA, JA Klocke, MV Darlington, RB Yamasaki. 1989.
Uptake, metabolism and excretion of injected tritiated
22,33-dihydroazadirachtin in last instar larvae of Heliothis
virescens. Entomol. Exp. Appl. 52: 1-6.
Berger J. 1987. Haematological preclinical recording of
adverse drug reactions - current status, problems and
needs. Part I: Standardization of experiments in relation to
haematological examinations. Folia Haematol 114: 1-15.
Berger J, S Walczysko, J Pávková, HO Gutzeit. 2003. Effects
of genistein on insect haemocytes. J. Appl. Biomed. 1:
161-168.
Bidman HJ. 1986. Ultrastrukturelle Veränderungen der
Prothoraxdrüsen unbehandelter und mit Azadirachtin
behandelter Manduca sexta-Larven (Lepidoptera:
Sphingidae). Entomol. Gen. 12: 1-17.
Darvas B, I Bélai, A Fónagy, P Kulcsár, MH Tag El-Din. 1991.
Lethal disturbances in larval development of Neobellieria
bullata caused by metyrapone derivatives. Pestic. Sci.
32: 133-139.
Darvas B, P Kulcsár, I Bélai, G Matolcsy. 1987. Inhibitory
effect of an in vivo activated soft analogue of A-phenyl-Btriazolium metyrapone during pupariation in Sarcophaga
bullata. Entomol. Exp. Appl. 44: 295-301.
Dorn A, JM Rademacher, E Sehn. 1986. Effects of
azadirachtin on the moulting cycle, endocrine system, and
ovaries in last-instar larvae of the milkweed bug,

Oncopeltus fasciatus. J. Insect Physiol. 32: 231-238.
Gelbi I, V N mec. 1978. Effects of a juvenoid on the nutrient
content and growth of larvae of Spodoptera littoralis. Acta
Ent. Bohemoslov 75: 15-24.
Gelbi I, V N mec. 1982. Morphogenetic and toxic effects of
dithiodiglucose on the larvae of Spodoptera littoralis
(Lepidoptera). Acta Ent. Bohemoslov 79: 441-443.
Gelbi I, V N mec. 2001. Developmental changes caused by
metyrapone and azadirachtin in Spodoptera littoralis
(Boisd.) (Noctuidae) and Galleria mellonella (L)
(Pyralidae). J. Appl. Ent. 125: 417-422.
Gelbi I, F Sehnal. 1986. Failure of some individuals of
Spodoptera littoralis (Lepidoptera) to produce superlarvae. Acta Ent. Bohemoslov 83: 161-170.
Gujar GT, KN Mehrotra. 1983. Juvenilizing effect of
azadirachtin on noctuid moth, Spodoptera litura (Fabr.).
Indian J. Exp. Biol. 21: 292.
Gupta AP. 1979. Insect hemocytes: development, forms, functions, and techniques. Cambridge University Press., New
York, pp. 614
Harpaz I, N Kislev, A Zelcer. 1969. Electron-microscopic studies on haemocytes of the Egyptian cottonworm,
Spodoptera littoralis (Boisduval) infected with a nuclearpolyhedrosis virus, as compared to noninfected haemocytes. J. Invert. Pathol. 14: 175-185.
Jagannadh V, VSK Nair. 1992. Azadirachtin-induced effects
on larval-pupal transformation of Spodoptera mauritra.
Physiol. Entomol. 17: 56-61.
Kryspin-Sörensen I, I Gelbi , K Sláma. 1977. Juvenoid action
on the total body metabolism in larvae of a noctuid moth.
J. Insect Physiol. 21: 1755-1762.
Malazewska M, DB Gelman, B Cymborowski. 1988. Effect of
azadirachtin on development, juvenile hormone and
ecdysteriod titres in chilled Galleria mellonella larvae. J.
Insect Physiol. 34: 725-732.
Mitchell MJ, SL Smith, S Johnson, ED Morgan. 1997. Effects
of the neem tree compounds, azadirachtin, salannin, nimbin and 6-desacetylnimbin on ecdysone 20-monooxigenase activity. Arch. Insect Biochem. 356: 199-209.
Pener MP, DB Rountree, ST Bishoff, LI Gilbert. 1990. Molt
inhibition by azadirachtin: effects on prothoracicotropic
hormone, prothoracic glands and ecdysteroids titre in
Manduca sexta. In AB Bo kovec, EP Masler, eds. Insect
neurochemistry and neurophysiology. New York: Haman
Press, pp. 365-368.
Prabhan S, MG Jotwani, BK Pai. 1962. The neem seeds
deterrent to locusts. Ind. Farming 12: 7-11.
Rembold H. 1984. Secondary plant products in insect control
with special reference to the azadirachtins. In WE
Engels, ed. Advances in invertebrate reproduction, Vol. 3.
Amsterdam: Elsevier Science Publishing Company, pp.
481-491.
Rembold H, GK Sharma, CH Czopelt, H Schmutter. 1982.
Azadirachtin: a potent insect growth regulator of plant origin. Z. Angew. Ent. 93: 12-17.
Schlüter W, HJ Bidman, S Grewe. 1985. Azadirachtin effects
growth and endocrine events in larvae of the tobacco budworm, Manduca sexta. J. Insect Physiol. 31: 773-777.
Schmutter H. 1985. Insect growth-disrupting and fecundityreducing ingredients from the neem and chinaberry trees.
In ED Morgan, NB Mandava, eds. CRC handbook of natural pesticides. Boca Raton, FL: CRC Press, pp. 119171.
Schmutter H. 1988. Potential of azadirachtin-containing pesticides for integrated pest control in developing and indus-

Gelbi et al. -- Hemocytes of Spodoptera littoralis
trial countries. J. Insect Physiol. 34: 713-719.
Sehnal F. 1966. Kritisches Studium der Bionomie und der
Biometrik in verschiedenen Lebensbedingungen
gezüchteten Wachsmotte Galleria mellonella (L.)
(Lepidoptera). Z. Wis. Zool. 174: 53-82.
Sehnal F, MM Metwally, I Gelbi . 1976. Reaction of immature
stages of noctuid moths to juvenoids. Z. Angew. Ent. 81:
85-102.
Steets R. 1975. Die Wirkung von Rohextrakten aus den
Neliaceen Azadirachta indica und Melia azadirach auf

377

verschiedene Insektenarten. Z. Angew. Ent. 77: 306-312.
Stettler P, T Trenczek, T Wyler, R Pfister-Wilhelm, B Lanzrein.
1998. Overview of parasitism associated effects on host
haemocytes in larval parasitoids and comparison with
effects of the egg-larval parasitoid Chelonus inanitus on
its host Spodoptera littoralis. J. Insect Physiol. 44: 817831.
Subrahmanzam B, T Müller, H Rembold. 1989. Inhibition of
turnover of neurosecretion by azadirachtin in Locusta
migratoria. J. Insect Physiol. 35: 493-500.

