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Welcoming address

Dear ladies and gentlemen,

after we have organized 6 workshops predominantly on Neem, which
concentrated our attention on plant protection and pest control, we have now
invited you for a totally different topic, namely the "Toxicological Properties
and Possible Medical Uses of Neem-Ingredients”. Due to the various
traditional (Indian) medical applications of Neem-extracts, it seems
interesting to have a special discussion on this subject. Although, we are a
small group of participants, I hope that we will have an teresting time,
plenty of discussions and new incitements during the short period of our
workshop.

Wetzlar, June 20. 1997 Hubertus Kleeberg



AZADIRACHTIN - A REVIEW OF ITS MODE OF ACTION IN INSECTS

A Jennifer Mordue (Luntz)
Department of Zoology, University of Aberdeen, Tillydrone Avenue, Aberdeen AB24 2TZ

Azadirachtin, from the neem tree Azadirachta indica (A Juss), is the main biologically active
component of neem insecticides (for the latest major work on neem see Schmutterer, 1995).
Azadirachtin is a tetranortriterpenoid plant limonoid with potent insect antifeedant and
growth disrupting properties. It was isolated from the seeds of Azadirachta indica by
Butterworth and Morgan (1968) and its full structural determination was completed some 17
years later. Nakanishi and co-workers presented the first structure proposal (Zanno et al,
1975), the correct structure appeared in papers submitted in 1985 by Broughton ef al. and
Kraus er al. (Kraus ef al, 1985; Broughton ef al, 1986), and the full details were finally
described by all groups in 1987 (Bilton et al, 1987; Kraus et al, 1987a; Turner et al, 1987).

CHEMISTRY

Azadirachtin, also termed Azadirachtin A (Rembold, 1989) is the major component of neem
seeds. 3-Tigloylazadirachtol (azadirachtin B) is present at concentrations up to 20% of that of
azadirachtin, other azadirachtins (C-L) occur at much lower concentrations. For a recent
comprehensive review of the chemistry of azadirachtin see Ley e al. (1993) and Kraus,
(1995). The biosynthesis of azadirachtin is thought to involve tirucallol, a tetracyclic
triterpenoid, and a series of oxidation and rearrangement reactions which produce finally, the
tetranortriterpenoid azadirachtin family (Ley ef al., 1993). In addition to the azadirachtin
group of compounds in seeds several other families of tetranortriterpenoids are present.
Examples of these are nimbin and salannin which show moderate to good antifeedant effects
against many insects although are not very physiologically active. Azadiradione and
nimbolide are other triterpencids which have some insect antifeedant activity and are
effective against a number of bacteria. They occur in minute quantities in some neem
insecticides and are important in that they have been implicated as the principal cytotoxic

component of neem seed insecticide preparations (see Kraus 1995 for review) Cohen et al,
1996.

BIOLOGICAL EFFECTS

Azadirachtin has strong antifeedant activity against many insect species, which is
supplemented also by marked insect growth regulatory (IGR) and sterility effects. While the
antifeedancy effects may vary between different insect species the IGR and sterility effects of
azadirachtin are highly consistent (Mordue Luntz & Blackwell, 1993).

a)  Antifeedancy

Investigations of the antifeedancy mode of action, using azadirachtin and both natural
and synthetic analogues, have revealed that both polyphagous and oligophagous species
of insect are behaviourally sensitive to azadirachtin with the most sensitive species
being able to differentiate extremely small changes in the parent molecule.

Antifeedancy effects fall into two different categories. Firstly, there are primary
antifeedancy (gustatory) effects where azadirachtin is being perceived at the
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b)

chemoreceptor level by the insect taste receptors on the feet and mouthparts.
Azadirachtin stimulates the. deterrent cells and inhibits the sugar (phagostimulatory)
cells in these receptors (Simmonds & Blaney, 1994) which leads to a behavioural
avoidance of foodplants treated with azadirachtin. Secondly, there are secondary
antifeedancy effects (anorexia) brought about by the physiological toxic effects of
azadirachtin after ingestion or uptake. The primary antifeedancy effects of azadirachtin
vary markedly between different insect species depending upon differences in
chemoreceptor sensitivity and central nervous integration mechanisms. Lepidopterous
larvae are the most behaviourally sensitive Order of insects to azadirachtin, Coleoptera,
Hemiptera and Hymenoptera have moderate behavioural sensitivity to azadirachtin
whereas the Orthoptera have a large range of sensitivities depending on species, for
example, the desert locust, Schistocerca greagaria is deterred in feeding bioassays at
0.001 ppm quantities of azadirachtin whereas the North American plains grasshopper
Melanoplus sanguinepes is not deterred by concentrations as high as 1000 ppm (Table

).

Table 1. Behavioural sensitivity of insects to azadirachtin

EDS0 (ppm)
Lepidoptera <0.001 - 50
Coleoptera 100 - 500 -
Hemiptera 100 - 500
Hymenoptera 100 - 500
Orthoptera 0.001 - >1000

Physiological effects (IGR/sterility)

The physiological effects of azadirachtin are more consistent between species, with the
average ED;, being approximately 2pug azadirachtin/g body weight. These effects also
are of two types: firstly, indirect effects are modulated via the insects’ endocrine system
and secondly, direct effects occur where azadirachtin is acting directly on specific
tissues. In the former, a blockage of release of the neurosecretory hormones from the
brain leads to a blockage or delayed release of the moulting hormone B-ecdysone and
juvenile hormone (Mordue (Luntz) & Blackwell, 1993). These two hormonal systems
together act in concert to induce the moult and metamorphosis to the adult stage. In the
adult the hormones are also involved in egg development. Disruption of these
morphogenetic hormones results in the typical insect growth regulatory effects seen in
azadirachtin treated insects i.e. slowing of growth, delayed moulting, moult
abnormalities and an inability to complete ecdysis (shed the cast skin). In adults, it is
also responsible for the inhibition of ovarian development, the resorption of eggs,
reduced fecundity and sterility. In the latter the direct effects of azadirachtin can be
seen in those tissues with rapidly dividing cells e.g. wing buds, testes, where
azadirachtin blocks cell division at prometaphase I; also in muscles, where a flaccid

paralysis is seen; and the midgut, where specific digestive enzymes are not produced.
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Both the behavioural and physiological actions of azadirachtin work in concert together
and crop protection results from a combination of feeding deterrence, growth and
moulting aberrations and reduced fecundity in a manner which is specific to each
species, S. gregaria for example will choose to starve to death rather than ingest barley
seedlings sprayed with azadirachtin, the aphid Myzus persicae is not deterred at all by
azadirachtin concentrations less than 100 ppm, however numbers of progeny are
significantly reduced by concentrations as low as 5 ppm (Mordue (Luntz) et al, 1996).

¢) Biochemical effects

Specific binding studies using tritiated dihydroazadirachtin as the binding ligand are
beginning to reveal the basic cellular lesion of azadirachtin (Nisbet et al, 1997). The
binding characteristics of the ligand to homogenates of S. gregaria testes and to an
insect cell line (Spodoptera S{9 cells) have revealed specific, time dependent, saturable
binding to proteins within the cells either at the sperm tails of developing sperm, or in
the nuclei of the Sf9 cells. Analysis of the saturation characteristics has indicated one
population of binding sites. Once at a maximum level of binding, dissociation of the
radioligand: membrane complex in the presence of unlabelled parent compound is
incomplete i.e. binding is semi-permanent. The competitive binding of different
analogues of azadirachtin to these binding sites revealed similar orders of potency to
those found with antifeedancy bioassays or IGR effects which strongly suggests a
causal link between the ability to bind membrane proteins specifically and the ability of
the molecule to exert biological effects. Further studies will enable the characterisation
and identification of the binding proteins which will lead to a resolution of its cellular
mode of action.

CONCLUSIONS

A detailed understanding of the biological activity of azadirachtin and its analogues against
different pests has now been achieved. Biochemical mode of action studies are beginning to
shed light on the cellular action. Such studies are providing essential background knowledge
for the successful introduction of neem based products into the insect control market.
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A comparison of the effects of azadirachtin A on cultured
insect and mammalian cells.

A. Jabbar and R.H.C.Strang,
Division of Biochemistry and Molecular Biology
Davidson Building,
University of Glasgow,
Glasgow, G12 8QQ

Introduction.

Rembold and Annadurai (1993) demonstrated that the growth
and replication of the insect cell line, Sf9, derived from ovarian cells of
Spodoptera frugiperda, was strongly inhibited by the presence of low
concentrations of azadirachtin A added to the medium. Moreover, they
observed that different neem terpenoids had different potencies in a
way which mimicked their effects on the whole living insects. These
studies not only give hope that the effect of neem terpenoids may be
studied in cell culture, but also that the action of the compounds lies at
the cellular level.

In practical terms, one of the potential advantages of neem
terpenoids as insecticides is their low toxicity towards mammals and
vertebrates in general. It is a reasonable hypothesis that if the effect
against insects can be shown at the cellular level, then the effect, (or
lack of it), against mammals may also be evident at the cellular level.

The aim of the work reported here was to use cultures of insect
and mammalian cells to extend the work of Rembold and Annadurai to
compare the effect of pure azadirachtin A on different cell lines.

Materials and Methods.

Cell lines.

The following cell lines were employed: Sf9 (derived from the
ovarian cells of Spodoptera frugiperda; 1.929 (derived from mouse
fibroblast); P9 (a liver cell line transformed by means of SV40 virus);
MCF 7 (derived from human breast cancer). All were maintained under
sterile conditions in appropriate media, and growth conditions, and
were recultured on a weekly basis.

For growth experiments the cells were allowed to grow in the
wells of a multi-well plate with 8 replicate for each set of conditions.

100pl of medium containing 20-100x103 cells.ml-! were introduced
into each well, and fresh medium added. The cells were then allowed to
replicate in the presence and absence of azadirachtin A for 5 days, and
the number of viable cells present estimated as described below.
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Estimation of cell number by colorimetry.

The method used was based on the capacity of living cells to
reduce the dye 3-(4,5-dimethylthiazol-2-yl)-(2,5-diphenyltetrazolium
bromide) (MTT) to form a water-insoluble formazan dye (Mosmann,
1983).

At the end of the growth period, 50ul of a solution of MTT was
added to the wells, and the colour allowed to develop for 15-30 min.
depending on the number of cells present. After the insoluble dye had
settled, the supernatant of cells and medium was aspirated off by
means of suction, and the formazan dissolved in 200ul of dimethyl
sulphoxide. The amount of reduced formazan was then estimated at
540nm by means of an ELISA plate reader.

Preliminary experiments involving counting cells by means of a
haemocytometer had indicated that there was a linear relationship
between cell numbers and the colour developed over a range of from

0.2x103 to 25x103 cells/ well.
Azadirachtin A.

The terpenoid was purified from Indian neem seeds by the usual
methods of solvent extraction, partition, and column chromatography. It
was finally recrystallised from tetrachloromethane. Its purity was
assessed as >95% by reverse phase HPLC and NMR spectroscopy.

The terpenoid was dissolved in a range of concentrations in 10%
ethanol, and aliquots of the solutions added to wells so that the final
concentration of ethanol was 1%, and the range of final concentrations of
azadirachtin A was from 10-14M to 10-3M. Control wells contained
only the ethanol in the medium.

Results.

The effects of a wide range of concentrations of azadirachtin are
shown in Fig. 1. They confirm that the cells of the insect line Sf9 are
very sensitive to the neem terpenoid. The growth of the cells is severely

inhibited with a ECsq of 10-10M .

In sharp contrast to this result, the mammalian cell lines used
were little affected by the presence of azadirachtin in the medium until
the concentrations were very high indeed. It was only at concentrations

in excess of 10-4M that the cell growth was noticeably reduced. No
significant differences could be detected in the response of the three
cell lines used, all of which had been derived from different mammalian
tissue types.
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Fig. 1.
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