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EFFECTS OF AZADIRACHTIN ON RHODNIUS PROLIXUS: IMMUNITY AND

TRYPANOSOMA
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The effects of azadirachtin, a tetranortriterpenoid from the neem tree Azadirachta indica J.,
on both immunity and Trypanosoma cruzi inferaction within Rhodnius prolixus and other
triatomines, were presented. Given through a blood meal, azadirachtin affected the immune
reactivity as shown by a significant reduction in numbers of hemocytes and consequently nodule
formation jollowing challenge with Enterobacter cloacae P72, reduction in ability to produce
antibacterial activities in the hemolymph when injected with bacteria, and decreased ability fo
destroy the infection caused by inoculation of E. cloacae cells. A single dose of azadirachtin was
able to block the development of T. cruza in R. prolixus if given through the meal at different
intervals, together with, before or after parasite infection. Similarly, these results were observed
with diferent triatomine species and different strains of T. cruzi, Azadirachtin induced a per-
manent resistance of the vector against reinfection with T. cruzi. The significance of these dala
is discussed in relation 1o the general mode of azadirachtin action in insecls.
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This paper reviews the recent knowledge
on the effects of azadirachtin on Rhodnius
prolixus, and partly points out those areas
where more research 1s needed. In fact, it of-
ten seems that our research on the azadirachtin
has simply led to the feeling that its mode of
action 1s extraordinarily complex and remains
poorly understood.

Azadirachtin, a tetranortriterpenoid 1solated
from the indian neem tree, Azadirachta indica
A Juss (Meliaceae), and its closely related tree,
Melia azedarach, has been recognized as a
compound with antifeedant and growth disrup-
tion properties to insects and nematods in
general (Warthen, 1979; Jacobson, 1986;
Rembold, 1989) and Rhodnius prolixus, in
particular (Garcia et al., 1984; 1986; 1987).
Azadirachtin seems strongly to interfere with
the prothoracicotropic hormone release from
the brain of Rhodnius larvae, and consequently
affect the production of ecdysteroids by the
prothoracic glands causing ecdysial stasis (Gar-
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cia et al,, 1990). Therefore, azadirachtin is
considered a bioracional control agent for in-
sects due to its high efficiency against insect
pests, and its apparent non-toxicity to verte- -
brates.

Azadirachtin has a complex structure which
was initially proposed by Zanno et al. (1975).
Recently, azadirachtin structure has been de-
termined in several laboratories using X-ray
diffraction and nuclear magnetic resonance
(Kraus et al,, 1985). Rembold et al. (1984)
demonstrated that several azadirachtins (A-D)
occur in the neem seed but azadirachtin A is
the predominant ncem compound bearing
growth-disruption effects upon insects,

AZADIRACHTIN AND IMMUNITY

The efficiency to remove microorganisms
and parasites from the circulation is one of the
factors which contributes to the g¢normous
evolutionary success of insects. Usually, they
use a variety of mechanisms which can recog-
nize and eliminate bacterial and metozoan
parasites (Boman & Hultmark, 1981; Ratcliffe
et al., 1985). Therefore, insects exhibit cellu-
lar (hemocytes involved in phagocytosis, nod-
ule formation or encapsulation), and humoral
(antibactenial polypeptides) mechanisms, as



70

well as non-self recognition (agglutinins and
prophenoloxidases) and cell cooperation to
counteract the diverse spectrum of would-be
pathogens (Ratcliffe & Rowley, 1979; Pendland
et al., 1988).

Regarding earlier investigations on humoral
immunity in R. prolixus it has been shown that
inoculation of bacteria induced antibacterial
and lysozyme activities in cell-free hemolymph
(Azambuyja et al., 1985; 1986; 1989; Azambuja
& Garcia, 1987).

Azambuja et al. (1991) have shown that
Sth-instar larvae of R. prolixus had a constant
number of hemocytes during two weeks after
feeding. The inoculation of Enterobacter cloa-
cae cells immediately causes a sharp increase
in total hemocyte numbers (THC) up to day 7
which is followed by a progressive decline of
hemocyte numbers. These authors have clearly
shown that the ingestion of azadirachtin pre-
vented the increase in the THC. Furthermore,
they have observed that the primary infection
obtained by inoculating E. cloacae was not
destroyed by the defense reactions in the
azadirachtin-treated insects. Conversely, in
controls the rate of bacterial elimination from
the hemolymph was constant and the bacteria
were almost completely cleared by day 10 after
feeding. The elimination of bacteria was coin-
cident with the maximal number of hemocytes
in the hemolymph. Therefore, they strongly
suggest that the hemocytes were diminished
after azadirachtin treatment so that the mocu-
lated bacteria were still present in insects re-
cerving this compound (Azambuyja et al., 1991).

We have also demonstrated that the elimi-
nation of E. cloacae from the hemolymph is
not due to the induction of antibacterial fac-
tors since bacteria were resistant to these fac-
tors. Taken these facts together, we have sug-
gested that the number of viable E. cloacae
from the insect hemolymph decreased likely
due to the formation of nodules scattered
through the hemolymph. Actually, nodule for-
mation was recognized within one day after
feeding, and it was formed from groups of
hemocytes, packed with phagocytosed bacte-
ria, adhering together. Small nodules floated
freely in the hemolymph and larger melanized
hemocytic aggregates could be seen attached
to the fat bodies and muscles of dissected 1n-
sects. Control insects inoculated with E. cloa-
cae had a higher number of nodule formation
when compared with azadirachtin-treated ones.
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Therefore, azadirachtin greatly reduced the
ability of the bacteria infection to initiate he-
mocyte aggregates in the hemolymph (Azam-
bua et al., 1991).

The observations raise questions regarding
the mechanism(s) of action of azadirachtin on
Rhodnius. Only few aspects of the control of
humoral and cell-mediated insect immunity are
understood and, for an adequate interpretation
of these results, the relationship between the
neuroendocrine and immune system needs pro-
found investigation. The basic idea regarding
the involvement of the endocrine system in the
hemocyte regulation in R. prolixus comes from
the work by Jones (1967) using ligature ex-
periments. He showed that ecdysteroids can
regulate the number of hemocytes as well as
the volume of hemolymph and induce hemo-
cyte differentiation. Similarly, in the last lar-
val instar of Locusta the prothoracic glands
stimulate production and differentiation of
hemocytes (Hoffmann, 1970). It remains to be
shown the role of ecdysteroids and brain neu-
rosecretion on the regulation of the immune
system of Rhodnius.

INHIBITION OF TRYPANOSOME-VECTOR INTER-
ACTION

Trypanosoma cruzi, a flagellated protozoan,
1s the causative agent for Chagas’ disease,
which 1s endemic in most parts of Latin
America. Classically, this parasite is transmit-
ted by triatomine insect vectors (for review
see Garcia & Azambuja, 1991). T. cruzi com-
prises a pool of parasite populations circulat-
ing among humans, insect vectors, sylvatic
rescrvoirs and domestic animals. This para-
sites display different morphological and func-
tional forms related to its complex life cycle.
It alternates between vertebrate and inverte-
brate hosts and also alternates between divid-
ing stages. There are noninfective epimastigotes
in the msect vector midgut and amastigotes in
mammahan cells, and nonreplicative but in-
fective, metacyclic trypomastigotes in the in-
sect vector and bloodstream trypomastigotes

in mammals (see details in Brener, 1973;
Zeledon, 1987; Garcia & Azambuja, 1991).

Since we have previously established that
azadirachtin induced short- and long-term in-
hibition of the moulting (Garcia et al., 1984),
it should be of interest to infect with 7" cruzi,
insects treated or not with azadirachtin. When
we have done this we found that azadirachtin
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might affect normal development of T. cruzi
in the insect vector (Garcia, 1988). This com-
pound, given through the bloodmeal at differ-
ent intervals, together with, before or after
infection with 7. cruzi, drastically reduced the
number of trypanosomes in the gut of the in-
sect vector (Garcia et al., 1989a, b; Rembold
& Garcia, 1989). Since azadirachtin (1) did not
kill the parasites directly neither azadirachtin-
treated infected blood remained infected nor
the compound altered the development of the
parasites in LIT medium, and did not interfere
with the trypanosome infection in mammalian
hosts (Garcia et al., 1989a), it has been sug-
gested that azadirachtin may act on the para-
site-vector mteraction through the insect.

Having demonstrated that azadirachtin in-
fluences the development of 7. cruzi, in 5th-
instar larvae of R. prolixus, we have also shown
that the EDg, to inhibit the parasite develop-
ment in the gut was 0.25 pg/ml bloodmeal and
that a single dose of azadirachtin was enough
to both inhibit the growth of the insect vector
and 1mpair resistance against its reinfection
with trypanosomes for several months (Gon-
zalez & Garcia, 1992). This explains why the
elimination of T. cruzi through urine and fae-
ces of R. prolixus was completely blocked,
and that the insect was not longer an efficient
vector for Chagas disease after azadirachtin
treatment (Gonzalez & Garcia, 1992). These
results were confirmed in other triatomine
vector species infected with different strains
of 7. cruzi. In fact, an unique dose of
azadirachtin (1.0 pg/ml of bloodmeal) was also
able to inhibit the development of two differ-
ent T cruzi strains in Triatoma infestans and
Dipetelogaster maximus (Gonzalez & Garcia,
1992). The results have strongly suggest that
azadirachtin has the same effect in all
triatomine species.

Two hypotheses have been postulated to
explain the effect of azadirachtin on the T.
cruzi development within 1ts insect vector.
Firstly, the compound may act indirectly
through the extensive changes in the neuroen-
docrine system which can effect the gut envi-
ronment. Secondly, azadirachtin may directly
affect the gut physiology. Both hypothescs
assume that azadirachtin causes changes in the
gut in such way that digestive tract is no longer
an acceptable microenvironment for trypano-
some survival and estabhshment of infection
in the sect vector.

CONCLUDING REMARKS

In this paper, whenever possible, the ef-
fects of azadirachtin on R. prolixus was dis-
cussed in terms of the results conceming both
the development of 7. cruzi and immunity of
this hematophagous insect, and its mode of
action upon the endocnne system. Emphasis
was given in the effect of this compound on
interaction of different strains of 7, cruzi within
different species of vectors and on the cellular
and humoral reactions of R. prolixus. How-
ever, the literature on these topics 1s scanty
and fragmentary, and the studies in our labo-
ratory are still only at the beginning.

The state of the art regarding the action of
azadirachtin in R. prolixus 1s, in great part,
defined by the fact that only few laboratories
in the world work with this compound in a
purified form, Yet, it is obvious that further
studies are necessary, mainly in respect of how
azadirachtin blocks the release of neurohor-
mones and how i1t induces the ecdysone defi-
ciency causing long-term effects on several
physiological events of R. prolixus. Therefore,
several questions remain unanswered to chal-
lenge azadirachtin research 1n the forthcoming
years.
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