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The sterilizing effect of azadirachtin, an insect growth regulator from the neem tree,
Azadirachta indica A. Juss, was tested with mature females o f Locusta migratoria. After a single
injection of 10 |ig into females between 2 and 13 days after emergence, about 60% died during the
following four days and all lost weight in the range of about 50%. If the compound was injected
into animals of an age between 2 and 10 days, no maturation o f the terminal oocytes could be
observed. Injection at an age between 10 and 13 days after adult emergence resulted in ovaries
which contained almost mature oocytes. Most o f the treated locusts had no oviposition and only
traces of ecdysteroids were present in their ovaries, as quantified by radioimmunoassay. The
inhibition of oogenesis and o f ovarian ecdysteroid synthesis by azadirachtin is discussed on the
basis of its interference with the neuroendocrine control of hormone synthesis.

The various parts o f the neem tree, Azadirachta
indica A. Juss, have long been used for m edicinal
and plant protection purposes in Asia and Africa.
Seed kernel extracts have recently been found to act
as strong feeding inhibitor for Locusta migratoria
and several other insect species [1,2]. D efined neem
compounds with such properties are meliantriol [3],
azadirachtin [4 -6 ], and salannin [7]. The treatm ent
of insects with neem seed extracts also causes growth
inhibition, m alform ation, m ortality, and loss of
fecundity [8-12]. G row th regulating activity of aza
dirachtin has been dem onstrated on Epilachna varivestis, Ephestia kuehniella and Apis mellifera [13, 14],
F o r Locusta migratoria it could be dem onstrated
that a single injection of 10 fig azadirachtin into the
adult female disrupts oogenesis. W hen the com
pound was applied at an early stage o f egg devel
opment, oogenesis stopped after previtellogenesis.
However, when injected after the start of vitellogenesis, only a few egg patches were laid. From the
eggs only a few embryos developed to first instar
and none came to a second moult. It was concluded
that azadirachtin interferes with the endocrine regu
lation or synthesis o f ecdysteroids in adult female
locusts [15], Ecdysone and other ecdysteroids are
synthesized in the cells o f the follicular epithelium at
the end of oocyte m aturation. Practically all the
ovarian ecdysteroids are finally contained in the
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newly-laid eggs and control cuticulogenesis during
early development of the embryo [16]. We have
therefore studied the influence of azadirachtin on
oogenesis and ovarian ecdysteroid pools in more
detail and now report data which demonstrate the
interference of this com pound with both egg m atu
ration and ecdysteroid synthesis.

M aterials and M ethods
Azadirachtin was isolated from neem seeds by
extraction with methanol. Lipids were removed with
hexane and the polar compounds were fractionated
by open column silicic acid chrom atography as pre
viously described [14]. After preparative TLC, aza
dirachtin was purified by HPLC on an RP-18
(Merck) column.
Ecdysone was purchased from Serva (Heidelberg).
Locusta migratoria migratorioides (R. & F.) were
grown at 40% r. h., 38 °C (12 h light) and 24 °C
(12 h dark), respectively, and were kept under
crowded conditions.
The females were individually marked im m edi
ately after adult moult with a num ber on Scotch
tape; their weight was measured daily for a period of
25 days. A zadirachtin (10|ig/10(il 90% ethanol) or
10 (il 90% ethanol was injected in the abdom en with
a m icro-applicator (ISCO). Insects between 2 and
13 days after adult m oult were injected. State of egg
m aturation was expressed by the length of terminal
oocytes (LTO).
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Extraction o f the ovaries. The organs were dis
sected 4 - 7 days after azadirachtin injection, length
o f the term inal oocytes (LTO) was m easured, and
the ovaries were then homogenized in 2 - 4 ml (ten
times the organ fresh weight) methanol with a Potter
homogenizer. The homogenate was centrifuged
(6000 rpm), the precipitate washed twice with 1 ml
of 90% methanol. Lipid was extracted from the
m ethanol/w ater phase with dichlorm ethane and the
alcohol concentrated in vacuo to a volum e o f 1 ml
per ovary for m easurem ent in the radioim m uno
assay.
Radioimmunoassay (RIA). The procedure de
scribed by Spindler et al. [17] was followed. Tritiated
ecdysone (80 m C i/m m ole, NEN, D reieichenhain)
was used. A ntiserum ICT-1 was generously donated
by K. D. Spindler (D arm stadt). A liquots o f the
m ethanol extract were dried under nitrogen, labelled
ecdysone (4 200 dpm ) was added in 50 |il borate
buffer, pH 8.4, and the mixtures were vigorously
shaken. Then 50 |il antiserum was added, and the
m ixture was incubated for at least 3 h at room tem 
perature. A fter cooling to 4 ° C , 100 |il of saturated
am m onium phosphate solution (4 °C ) was added for
precipitation o f protein. After centrifugation, the
supernatant was sucked o ff and the precipitate
dissolved in 10 |il w ater plus 300 ^1 Unisolve (KochLight) and m easured in a T riC arb scintillation
counter (Packard). To test for an interference of

Fig. 1. Effect of a single azadirachtin
injection (10 ng/individual) on the
oogenesis of individual females of L.
migratoria. Abscissa: course of ovarian
development (in days from adult emer
gence); ordinate: oocyte development
(in mm of terminal oocyte length,
LTO). The animals were injected at
an age between 2 and 10 days after
emergence. -O -: Control animals
(10 (il of 90% ethanol); • : azadirach
tin treated animals.
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azadirachtin with this assay, 0.5, 1 and 5 ng of the
compound were added to labelled ecdysone under
standard test conditions. N o effect was observed.
Results and Discussion
1. Injection o f azadirachtin 2 - 1 0 days after adult
emergence

After a single injection of azadirachtin into m ature
female locusts between days 2 and 10 after em er
gence, follicle growth is inhibited (Fig. 1). In the
control group growth starts after day 5 and ends
with a length of the term inal oocytes (LTO) of
6.2 mm. Oviposition follows around day 15 after
adult emergence. However, no substantial increase
in the length of the term inal oocytes can be observed
in the azadirachtin-treated group. The course of
oogenesis was apparently stopped after azadirachtin
injection. This is possibly a consequence of its inter
ference with vitellogenin synthesis an d/or incorpora
tion into the oocytes either directly or indirectly
through its endocrine control.
2. Injection o f azadirachtin 1 0 - 1 3 days after adult
emergence

Concentration of ecdysteroids in ovaries o f control
females increased near the end of vitellogenesis and
reached its maxim um w ithin hours (Fig. 2). This
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high rate o f ecdysteroid synthesis has also been
reported by other groups [18, 19]. W hen azadirachtin was injected at the end o f oogenesis (days 1 0-13
after adult emergence), only small amounts of moult
ing horm one were found in the ovaries (Figs. 2, 3).
G row th o f the term inal oocytes was normal (Fig. 3).
A zadirachtin reduced the total am ount o f ovarian
ecdysteroids. Moreover, the ovaries o f the azadirachtin-treated animals were smaller (average weight:
158 + 87 mg) than those o f controls (av. weight:
339 ± 79 mg) as the num ber o f m ature oocytes was
reduced apparently due to com plete resorption with
out any visible residue. The ecdysteroid concentra
tion of the azadirachtin group am ounted to 6 ±
4.35 ng/m g ovary ( « = 1 0 ) , whereas the control
ovaries contained as m uch as 27.9 ± 15.6 ng/m g
(« = 1 0 ).
3. Effect o f injected azadirachtin on body weight and
death rate

There is a steady weight gain in untreated animals
(Fig. 4) due prim arily to an increased protein pro
duction and incorporation into the developing
oocytes [20]. In the ethanol control group, weight is
reduced only during the first day after injection and
then parallels the growth rate o f the untreated
group. The azadirachtin treated anim als continu-

LTO [m m ]

Fig. 3. Interrelation o f ovarian development and ecdy
steroid content (10 (ig/individual). Abscissa: oocyte devel
opment (in mm of terminal oocyte length, LTO); ordinate:
amount o f RIA ecdysteroid equivalents (ecd. eq.) per
individual ovary. The animals were injected at an age
between 1 0 -1 3 days after emergence. - 0 - : Control ani
mals (10|il of 90% ethanol); • : azadirachtin treated ani
mals.
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Fig. 4. Effect o f azadirachtin on weight gain o f mature
female L. migratoria. On day 9 after emergence 7 animals
were each injected with 10 jag azadirachtin (— ), 9 control
animals received the same volume o f 10 |il 90% ethanol
(------ ), and 11 animals were untreated controls ( - - ) .

days after adult emergence [d]

Fig. 2. Effect of a single azadirachtin injection (10 |ig/individual) on the ovarian ecdysteroid content o f L. migratoria.
Abscissa: days from adult emergence; ordinate: amount of
RIA ecdysteroid equivalents (ecd. eq.) per individual
ovary. The animals were injected at an age between 1 0 -1 3
days after emergence. - 0 - : Control animals (10|il of 90%
ethanol); • : azadirachtin treated animals.

ously lost weight. A bout 60% of them died within
the first four days after injection, w ithout an indi
cation of acute toxicity.
Conclusions
Azadirachtin interferes with oogenesis at all stages.
In the group injected 1 0 -1 3 days after emergence,
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none o f the surviving fem ales layed eggs, even
though, the term inal oocytes were almost m ature
(LTO = 6.2 mm). Both oogenesis (Fig. 1) and ovar
ian ecdysteroid synthesis (Figs. 2, 3) are inhibited by
a single injection of azadirachtin. This inhibition is
not caused by interference with the synthesis of
juvenile horm one, since ablation o f the corpora
allata after day 5 o f adult life does not influence
either oogenesis or oviposition [21]. Thus, ovarian
ecdysteroid synthesis is probably under direct con-

trol of the brain horm one [18]. C horion synthesis
and oviposition cease when the cerebral neuro
secretory cells of the pars intercerebralis are cau
terized [22, 23]. A zadirachtin most probably reduces
the total am ount and concentration o f ecdysteroids
relative to the controls by acting upon the neuro
endocrine system. This neuroendocrine interaction
could also explain both the decrease in body weight
and the inhibition o f oviposition.
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