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AND REPRODUCTION OF RHODNIUS PROLIXUS: SOME DATA
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Proallatotoxins, and particularly precocenes, are exceptionally promising models for studying
Rhodnius prolixus physiology and for comparison with other natural compounds with anti-
hormonal activities. Effects of precocenes on feeding, development and reproduction of R. pro-
lixus are being detailed. The precocenes reveal significant effects on feeding, moulting cycle
(inducing precocious metamorphosis and ecdysial stasis), and reproduction of these insects. The
mechanism of action of proallatotoxins was discussed based on the corpus allatum cytotoxic
effect and on the ecdysteroid biosynthesis in prothoracic glands and ovaries. Further studies of
these compounds on R. prolixus are need and will hopefully reveal other unexplored points
regarding the action of the proallatotoxins on insects.
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Proallatotoxins as precocenes (precocene I,
PI; precocene II, PII), are naturally occuring
compounds found in several species of plants
in the genus Ageratum (Bowers, 1976; Bowers
et al., 1976). Their applications in many
paurometabolous species cause a variety of
behavioral, physiological and biochemical chan-
ges including precocious metamorphosis of the
immature stages and sterilization of adult
females. Since insect hormones are known
to control larval development and egg pro-
duction these compounds were immediately
considered to have an anti-hormonal action,
and particularly an anti-juvenile hormonal
effect. Proallatotoxins usually are cytotoxic to
the insect secretory cells of the corpus allatum,
thereby eliminating the production of juvenile
hormone (Bowers, 1976, 1981, 1982). Thus,
the interruption of normal larval development
to produce precocious adults and the steriliz-
ation of adult females has been reported in
several hemimetabolous species, whereas in
holometabolous species only a few findings on
sterilization, but not induction of adultoids
have been reported (Bowers et al., 1976; Pener
et al., 1978). Even in sensitive groups of insects
large difference are seen between species as

regards the efficiency of precocenes (Bowers,
1988).
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The mechanism of action of these com-
pounds is now moderately explained, and will
be discussed in detail in the present paper.

THE RHODNIUS BIOASSAY

Larvae and adults of the hemipteran hemato- -
phagous, R. prolixus were reared and
maintained using an artificial feeding apparatus
described previously (Garcia et al., 1984). This
insect is relatively high sensitive to feeding
deterrents and insect growth inhibitors. In
several cases both effects come up by the same
natural chemical. Therefore, fourth-instar larvae
and adult females of R. prolixus came out to
be a suitable animal model and a very powerful
tool for this purpose. For routine uses, the
insects were starved and then fed on blood
containing the compounds, or alternatively the
active compounds were applied topically. The
intake of blood ingested and the compound
doses were easily determinated by the difference
in the body weight measured before and after
feeding (Azambuja et al., 1982).

ANTIFEEDING EFFECTS

Usually, unfed insects present disturbance
in the endocrine organs being necessary thus to
distinguish what is antifeedant and anti-hor-
monal activities of the compounds. Slama
(1978), for example, speculated that the effects
of precocenes on the development and repro-
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duction of insects might be due to an anti-
feedant action of these compounds. Reduced
feeding by Rhodnius treated with PII prompted
us to investigate whether the starvation could
account for the observed effects of these
chemicals (Azambuja et al., 1981b). We found
that feeding of R. prolixus was significantly
diminished when PII was added either to blood
meal or to artificial diet (EDsq0f 48 u g/ml and
43 ug/ml, respectively). In contrast, PI and the
synthetic ethoxy-PII (EPII) only showed a
modest decrease in feeding (EDs o of 260 ug/ml
and 140 ug/ml, respectively). Interestingly,
EPII has clearly more potent effects on Rhod-
nius development than PII (Azambuja et al.,
1982). These results emphasized that the
antifeedant and anti-hormonal actions of
precocenes are distinct and especially that these
compounds have a true anti-hormonal effect
on this species.

EFFECTS ON IMMATURE STAGES

The first evidence for the biological activity
of precocenes was the alteration of the moulting
cycle and induction of precocious metamor-
phosis in sensitive insects (Bowers, 1976;
Bowers et al., 1976).

Precocious metamorphosis (induction of
adultoids) — Topical, feeding and continuous
contact treatments with PII and EPII, in
different proportions, were able to induce
adultoid formation and caused moulting delay
in all stages of development in R, prolixus
(Tarrant & Cupp, 1978; Tarrant et al.,, 1982;
Azambuja et al., 1981a, b; Garcia et al., 1984).
A significant correlation between the prolon-
gation of the moulting cycle and morphogenetic
adultoid characteristics was observed by oral
treatments with PII. Rhodnius adultoids with
immature characters were obtained in the first
days of the ecdysis, and from those insects
which presented ecdysis arresting emerged
adultoids with imaginal characteristics (Azam-
buja et al.,, 1981b). The insects with slight
adult characteristics were able to feed and
initiate the next ecdysis, and those with distinct
imaginal characters were short-lived and did not
feed even in condition of repeated opportunities

(Azambuja et al., 1981a, b).

Moulting delay and ecdysial stasis — Despite
the morphogenetic effects of precocenes in R.
prolixus they also caused delay in the moult,
i. e., many treated larvae failed to continue
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ecdysis remaining as larvae until death (Tarrant
& Cupp, 1978; Azambuja et al., 1981a, b; Gar-
cia et al., 1984). Although PI had no apparent
effect on the induction of precocious meta-
morphosis as occurred with PII and EPII, the
action of these three compounds on moulting
stasis by topical and oral treatments are clear.
The highest production of ecdysial stasis (38%
of the treated insects) was obtained by oral
treatment (Garcia & Azambuja, 1987). It seems
therefore that precocenes were involved in the
disruption of processes related to the ecdysteroid
control. The earliest evidence for such fact was
that ecdysone given orally counteracted the
moulting arrest and reduced the ecdysial stasis
as induced by PII and EPIl (Azambuja et al.,
1981a, b; Garcia et al., 1984). These findings
suggested that precocenes induced cessation of
juvenile hormone release, that somehow in-
directely depressed ecdysone production. In
support to this hypothesis it has been shown
that allatectomy influenced the ecdysteroid-
dependent development of R. prolixus larvae
(Garcia et al., 1987a). However, recent findings
by Garcia et al. (1987b, 1988) indicated that
although prothoracic glands cultured in vitro
produced ecdysteroid spontaneously, when
they were incubated with EPII ecdysteroid
production was prevented. These data suggest
that proallatotoxins have a potential use as a
further tool in insect control, by means of the
inhibition of ecdysone biosynthesis.

EFFECTS ON REPRODUCTION

In many insects, including R. prolixus (Da-
vey, 1980), it has been described that surgical
ablation of the corpus allatum is followed by
sterilization. These findings clearly show the
importance of juvenile hormone as a gonado-
tropic hormone. Similarly, the effect of proal-
latotoxins results in the sterilization of R. pro-
lixus (Azambuja & Garcia, 1987). Assessment
of the antigonadotropic activity of PI, PII and
EPII is easily accomplished by topical and oral
treatments of adult females of R. prolixus,
with subsequent examination of ovarian devel-
opment (lenght of terminal oocytes), vitello-
genesis, egg production and ecdysteroid release
from ovaries (Garcia et al., 1987a). In some
examples a single treatment with proallatotoxins
provides drastic sterilization. In other instances
insect sterilization can be obtained by a brief
treatment, but the destruction of the corpus
allatum may be partial and egg production may
later supervene in the absence of additional
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exposure to precocenes (Azambuja & Garcia,
1987). We observed therefore that oogenesis
as well as egg maturation and production can
be drastically inhibited by means of short-term
experiment (first reproductive cycle) of a single
dose of EPII given by ingestion. However, in
a long-term experiment (second and thrid
reproductive cycles) the egg production and
oogenesis can be partially or totally re-estab-
lished by subsequent blood meals without the
compound. Precocene-induced sterilization can
be reversed in virtually all insects by a combined

or subsequent treatment with juvenille hormone
IIT (Garcia et al., 1987b).

Although ecdysone play a role in vitello-
genesis of some insects (Hagedorn, 1983),
virtually nothing is known about this hormone
affecting vitellogenin synthesis in R. prolixus
(Davey, 1980). Mature ovaries of Rhodnius
produce ecdysteroids (Ruegg et al., 1981 Gar-
cia et al., 1987b; Feder et al., 1988). It has
been shown that EPII decline the titers of
ecdysteroid in the hemolymph of R. prolixus
adult females (Garcia et al., 1987b). In vitro
synthesis of ovarian ecdysteroids is inhibited
in insects receiving EPII-treatment and/or in
normal ovaries incubated in a medium con-
taining EPII (Garcia et al., 1987b). Nevertheless,
the relevance of these data need to be deeperly
investigated.
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